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1                THE COURT REPORTER:  Do all counsel

2     stipulate that I may swear in the witness

3     remotely over the Zoom videoconference?

4                MR. STEMLER:  Yes.

5                MR. FINCH:  Yes.

6                THE VIDEOGRAPHER:  Good morning.

7     We're going on the record at 9:22 a.m. on

8     August 4th, 2026.

9                Please note this deposition is being

10     conducted virtually.  Quality of recording

11     depends on quality of camera and Internet

12     connection of participants.  What is seen from

13     the witness and heard on the screen is what

14     will be recorded.  Audio and video recording

15     will continue to take place unless all parties

16     agree to go off the record.

17                This is Media Unit 1 of the

18     video-recorded deposition of Dr. William

19     Singhose, taken by counsel for the petitioner

20     in the matter of Generac Power Systems,

21     Incorporated versus Champion Power Equipment,

22     Incorporated, filed in the United States Patent

23     and Trademark Office before the Patent and

24     Appeals Board, Case Number IPR2025-01271.

25                My name is Dave Young.  I'm the
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1     videographer.  Our court reporter today is

2     Dana Anderson.  We are both representing

3     Veritext Legal Solutions.  I'm not related to

4     any party in this action, nor am I financially

5     interested in the outcome.

6                If there are any objections to this

7     proceeding, please state them at the time of

8     your appearance.  Will counsel now state their

9     appearances and affiliations for the record,

10     beginning with the noticing attorney.

11                MR. STEMLER:  Yep.  My name is

12     Taylor Stemler.  I'm with the law firm Merchant

13     and Gould.  I represent Generac Power Systems

14     in connection with this proceeding.

15                MR. FINCH:  My name is Thomas Finch

16     with the law firm Perilla, Knox and Hildebrandt

17     on behalf of patent owner, Champion Power

18     Equipment, Incorporated.

19                THE VIDEOGRAPHER:  And will the

20     court reporter please swear in the witness, and

21     then we can proceed.

22                DR. WILLIAM SINGHOSE,

23     called as a witness, being first duly sworn,

24        was examined and testified as follows:

25                MR. STEMLER:  All right.  Thank you.

Page 7

Veritext Legal Solutions
www.veritext.com 888-391-3376



1                     EXAMINATION

2     BY MR. STEMLER:

3     Q.     Good morning, Dr. Singhose.

4     A.     Good morning, Mr. Stemler.  You're a

5     little hard to see, but I see your name there.

6     Q.     Sorry.  Yes.  I've got a bright light in

7     my background.  I'll try to fix that so we can

8     see each other a little better.  How's that?

9     A.     Oh, yeah, it looks better.  I can see

10     you now.

11     Q.     All right.  Sorry about that.  Like I

12     said, I'm Taylor.  I represent Generac Power

13     Systems in this matter.  Nice to finally meet

14     you.  Sorry about some of the scheduling delays

15     this morning.  Really appreciate you working

16     through that and joining us this morning.

17     So --

18     A.     No problem for me.

19     Q.     So like I said, I represent Generac in

20     connection with IPR2025-01271.  And this IPR

21     relates to United States Patent

22     Number 10,697,398.  I understand you submitted

23     a declaration in connection with that IPR, is

24     that correct?

25     A.     Yes.
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1     Q.     Thank you.  Dr. Singhose, you understand

2     today that your testimony is under oath, and

3     this testimony has the same force and effect as

4     it would as if you were administering it in a

5     courtroom in front of a judge and a jury,

6     right?

7     A.     Yes.

8     Q.     Okay.  Throughout today's deposition,

9     I'll do my best to make my answers [sic]

10     absolutely clear.  If they are not clear,

11     please let me know, and I will attempt to

12     rephrase them.  Otherwise if you do proceed

13     with answering a question, we'll understand

14     that you understand the question as it was

15     asked.  Does that make sense?

16     A.     Yes, it does.

17     Q.     Okay.  And then you understand that the

18     testimony that you're providing today is being

19     recorded by a court reporter, right?

20     A.     Yes.

21     Q.     And that it's important that you

22     understand -- that you answer the questions

23     audibly?

24     A.     Yes.

25     Q.     Okay.  One other thing that I would like
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1     to do today is to agree to not talk over each

2     other.  I will do my best to not talk over you.

3     I will ask that you do your best to not talk

4     over me.  Does that all sound okay?

5     A.     Yes.

6     Q.     Dr. Singhose, any reason you can't give

7     fair and accurate testimony today?

8     A.     No.

9     Q.     Where are you today?

10     A.     I'm in -- well, I'm just north of

11     Atlanta.  I'm not exactly sure of the town.

12     Maybe it's Marietta or Sandy Springs.

13     Q.     In, like, a hotel or something?

14     A.     Oh, I'm in the law offices of the

15     attorneys here.

16     Q.     Oh, okay.

17     A.     I mean, not in the same room as them.

18     I'm in a conference room.  They're somewhere

19     else.  I'm not sure where they're at.

20     Q.     I see.  Got it.  What law firm is that?

21     A.     That's the Perilla Knox law firm.

22     Q.     Okay.  And are you alone in the

23     conference room then?

24     A.     Yes, I am.

25     Q.     Got it.  Okay.  Do you have any

Page 10

Veritext Legal Solutions
www.veritext.com 888-391-3376



1     documents in there with you?

2     A.     Yeah.  When I showed up here, there

3     was -- looks like there's five binders of

4     materials on the desk here for me.

5     Q.     Oh, what's in the binders?

6     A.     Well, let's see.  One of them is my

7     declaration --

8     Q.     Okay.

9     A.     -- talking about there.  The next one

10     over -- oh, this is the patent and its file

11     history.

12     Q.     Okay.

13     A.     I mean, I'm just looking at what they

14     put on the front there.

15     Q.     Sure.  Yeah.

16     A.     This one, it's Exhibit 1003, 1004, 1005,

17     1006, 1007, 1009 and 1012.

18     Q.     Okay.

19     A.     And then let's see what they put over

20     here.  Here are some more exhibits.  I'm not --

21     if you want me to read them, I will, but

22     they're basically other exhibits, other

23     patents.  And I'll show this --

24     Q.     If can you read the exhibit numbers on

25     there, that would be great.
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1     A.     Okay.  Yeah.  Exhibit Number 1014, 1015,

2     1018, 1029, 1030, 1031, 1032, 1033, and then

3     1034, 1038, 1039 and 2080.  And the last one is

4     Exhibit 2079, 2081, 2100, 2101, 2126

5     through 2131.  So --

6     Q.     Okay.

7     A.     -- [unintelligible] is what it says.

8     I'm assuming that's what's inside.

9     Q.     Thank you.

10     A.     Okay.

11                MR. FINCH:  And, Taylor, I'll

12     represent for you that the binders contain the

13     exhibits listed in the table in paragraph 24 of

14     Dr. Singhose's declaration --

15                MR. STEMLER:  Okay.

16                MR. FINCH:  -- with the exception

17     of, I guess, 1035 through 1037, which were

18     videos, and therefore not suitable for printing

19     in a binder.

20                MR. STEMLER:  Understood.  I would

21     like to ask Dr. Singhose to flip through all of

22     those documents and ensure that there are no

23     notes or other alterations through the exhibits

24     that are listed on the cover of those binders.

25                THE WITNESS:  Okay.

Page 12

Veritext Legal Solutions
www.veritext.com 888-391-3376



1                MR. STEMLER:  However, we may be

2     able to short-circuit that process if Mr. Finch

3     can represent that -- to me that there are no

4     such notes provided by anyone from his firm.

5                MR. FINCH:  No.  The binders just

6     contain the exhibits as filed with the

7     exception of Exhibit 101, the '398 patent,

8     which when printed out, was borderline

9     illegible.  So we printed a clean copy of

10     Exhibit -- of U.S. Patent Number 10,697,398.

11                MR. STEMLER:  I see.  Thank you.

12     BY MR. STEMLER:

13     Q.     Dr. Singhose, have you made any notes on

14     any of those materials since they were printed?

15     A.     No.  I just opened them up -- actually,

16     I didn't even open them up.  I just showed you

17     the covers just now.

18     Q.     Sure.  Okay.  Anything else in there

19     with you today?

20     A.     I see a pen over there and a remote

21     control, water.  Oh, there's one other sheet

22     here.  Let's see.  I think it was under one of

23     the binders.  Oh, I think this is a -- this is

24     a sheet (indicating) that highlights the claims

25     that are in my report.
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1     Q.     I see.

2     A.     I'm pretty sure that's what this is.

3     Q.     Okay.

4     A.     I think this is -- actually, this is

5     from my report.  It's just a blown-up version

6     with the claims that I addressed highlighted.

7     Q.     Sure.  I see the -- I see that.

8     A.     Okay.  Yeah.

9     Q.     Can you hold that up one more time for

10     me, Dr. Singhose?

11     A.     Sure.

12     Q.     Okay.

13                MR. STEMLER:  I would like to

14     request that we receive a copy of that

15     exhibit following today -- or a copy of that

16     document following today's deposition.

17                MR. FINCH:  Sure thing.

18     BY MR. STEMLER:

19     Q.     Dr. Singhose, could you please read for

20     me which of the claims are highlighted in each

21     of those columns?

22     A.     Sure.  Under ground 1, I addressed

23     claims 1, 3, 22 and 57.

24     Q.     Uh-huh.

25     A.     Under ground 2, I addressed claims 2, 4
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1     through 14, 19 through 21, and claim 58.  Under

2     ground 3, I addressed claims 1, 3, 22 and 57.

3     Under ground 4, I addressed claim 2, 4

4     through 14, 19 through 21 and claim 58.  In

5     ground 5, I addressed claim 1 and claim 15 and

6     16.  And then in ground 8, I addressed

7     claim 17.  And in ground 9, I addressed claim

8     17 as well.

9     Q.     Okay.  Could you identify which of those

10     claims you did not address?

11     A.     Yes.  So in ground 2, I was not asked to

12     address claims 32 to 42.  And then in claim 4,

13     I was not asked to address claims 23 or 32 to

14     42.  In claim 5, I was not asked to address

15     claims 43 and 44.  In ground 6, I was not asked

16     to address claims 43 to 46, nor claim 56.  In

17     ground 7, I was not asked to address claims 43

18     to 46 or claims 53, 54, 56.  And then ground 8,

19     I was not asked to address claims 23 to 26.

20     And in ground 9, I was not asked to address

21     claims 23 to 26.

22     Q.     Okay.  And then can you hold that sheet

23     up one more time for me, Dr. Singhose?

24     A.     Yes.

25     Q.     Thank you.  Sorry.  Just a little

Page 15

Veritext Legal Solutions
www.veritext.com 888-391-3376



1     longer.

2     A.     Okay.

3     Q.     Thank you.  Do you know why you weren't

4     asked to address those claims?

5     A.     No.  It's a long time ago.  They just

6     gave me a list, and I worked on the claims that

7     they gave me.

8     Q.     When did they give you the list?

9     A.     I'm sure it's probably when I started

10     working on my declaration, so it would have

11     been maybe a month or two months before I

12     submitted it.

13     Q.     Okay.  So that would be, like, four or

14     four months ago, five months ago or something

15     like that?

16     A.     Yeah.  Let's see.  I submitted this

17     declaration, I think, in late May.

18     Q.     Okay.

19     A.     So, yeah, probably in the -- you know, I

20     kind of -- when I really first started working

21     on it probably in March or April, they probably

22     said:  Just look at these claims.

23     Q.     Did you ever ask about the other claims?

24                MR. FINCH:  Objection, form.

25                THE WITNESS:  I don't think so.  I
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1     wasn't looking for more work here.  I just

2     said:  Which ones do you want me to work on

3     here?

4     BY MR. STEMLER:

5     Q.     Okay.  Did you discuss this exhibit with

6     any of the lawyers for Champion before you sat

7     for today's deposition?

8     A.     I mean, when I came into this room and

9     they were setting me up, I saw it.

10     Q.     Yeah.

11     A.     And at that point they're like:  Yeah,

12     these are just -- you know, just in case it

13     comes up, this is a simple way of saying which

14     ones you worked on.  I mean, it's all in my

15     report, but I think --

16     Q.     Yeah.

17     A.     -- this was a -- it's just a simple way

18     of putting it all in one page.

19     Q.     A cheat sheet or whatever?

20     A.     Yeah.

21     Q.     Okay.  Okay.  Were there any claims

22     that -- were there any claims that you were

23     asked to address that you did not provide an

24     opinion on?

25                MR. FINCH:  Objection, form.
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1                THE WITNESS:  No.

2     BY MR. STEMLER:

3     Q.     Okay.  So this highlighted listing of

4     claims reflects not only the claims that you

5     did not provide an opinion on, but it's instead

6     the claims that you were not asked to provide

7     an opinion on, right?

8                MR. FINCH:  Objection, form.

9                THE WITNESS:  Yeah, I don't know

10     about -- or I don't recall what I was asked

11     specifically what to do.  So I feel most

12     confident saying it's the list of claims that I

13     addressed.

14     BY MR. STEMLER:

15     Q.     Okay.  Sure.  Okay.  Have you looked at

16     any of the non-highlighted claims?

17     A.     Oh, I'm sure that when I first went to

18     the patent, I looked at them, yeah.  I probably

19     read every word in the patent the first time

20     through.

21     Q.     Sure.  Do you know if you formed an

22     opinion on any of them?

23     A.     Oh, [unintelligible] --

24                MR. FINCH:  Objection, scope.

25                THE WITNESS:  I would not have
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1     formed an opinion.  Takes me a while to form an

2     opinion.

3     BY MR. STEMLER:

4     Q.     Yeah.  Okay.  Okay.  Nothing else in the

5     room besides the pens, water, binders,

6     remotes --

7     A.     Yeah, I mean, there's a lot of stuff --

8     Q.     -- [unintelligible] --

9     A.     -- that's not mine.  I don't --

10     Q.     Yeah.

11     A.     Like, plants and so forth, but --

12     Q.     Yeah.  Okay.

13     A.     I basically brought nothing except my

14     phone, which I turned off.  And there's a pen

15     over here for me to use.  That's --

16     Q.     All right.  Cool.

17     A.     That's all my stuff.

18     Q.     Dr. Singhose, I know you've been deposed

19     before.  Could you tell me how many times

20     you've been deposed?

21     A.     I'm going to guess in 25 years or so

22     I've probably been deposed about 50 times.

23     Q.     Okay.  What kind of cases have you been

24     deposed in connection with?

25     A.     The majority of my work has been in
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1     intellectual property, so certainly IPRs like

2     we're here for today, ITC cases, federal

3     district court cases, some trade secret cases,

4     some -- even some -- I think I did a contract

5     case that involved intellectual property.  And

6     then I've also done a fair amount of work in

7     what you might call product liability or

8     standard of care, basically cases where people

9     have been injured and I've been asked to

10     investigate.  And, again, it's not all product

11     liability, but it could be, like, people did

12     something wrong.  So basically cases where

13     people got injured generally.

14     Q.     Sure.  Dr. Singhose, you understand that

15     this proceeding involves Generac Power Systems,

16     Inc., right?

17     A.     Yes.

18     Q.     Will you understand that I'm referring

19     to that party when I just use the term

20     "Generac"?

21     A.     Yes, I will.

22     Q.     Okay.  And same thing with Champion

23     Power Equipment, Inc., will you understand that

24     I'm referring to that party if I just use the

25     term "Champion"?
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1     A.     Yes, I will understand that.

2     Q.     Okay.  Have you worked for Champion

3     Power Equipment -- or how about I'll try that

4     acronym -- or shorthand.  Have you worked for

5     Champion before?

6     A.     Well, I haven't worked directly for

7     Champion the company.  I've worked for law

8     firms that are representing them in other

9     issues.

10     Q.     Okay.  Which law firms?

11     A.     There's a company -- there's a law firm

12     called Snell -- Snell and Willmar, I think,

13     that's representing Champion versus Firman.

14     And then Hush Blackwell, the law firm that

15     is -- I don't exactly know all the details, but

16     I think that Hush Blackwell is handling a lot

17     of the matters versus Generac.

18     Q.     Okay.  Just those firms?

19                MR. FINCH:  Objection, form.

20                THE WITNESS:  No.  There was another

21     firm, Ziolkowski, that was involved in the

22     first, like, year, year and a half of these

23     matters, so I worked with them.

24     BY MR. STEMLER:

25     Q.     Okay.  Have you worked with them in
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1     other matters?

2     A.     I don't think so.

3     Q.     Did you review any materials in

4     preparation for today's deposition?

5     A.     Yes, I did.

6     Q.     What materials did you review?

7     A.     Well, all those materials that we just

8     talked about, those -- all those exhibits, I

9     reviewed those at some point in this case.  I

10     think in the more recent past sort of targeting

11     this deposition, I reviewed my declaration in

12     this matter, the patent, the -- little bit of

13     the file history, and then the prior art that

14     has been asserted against the patent.  I think

15     that's primarily what I looked at in the last,

16     like, say, week.

17     Q.     Sure.  Any other materials that you

18     reviewed that were not filed as exhibits in

19     this IPR?

20                MR. FINCH:  Objection, form.

21                THE WITNESS:  I don't think so.  I

22     think the only thing I looked at were these

23     exhibits that are here.

24     BY MR. STEMLER:

25     Q.     Okay.  Did you meet with anybody to
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1     prepare for this deposition?

2     A.     Yes, I did.

3     Q.     Who did you meet with?

4     A.     My first meeting was with my wife to

5     prepare picking up and dropping off kids

6     depending on how long this goes.  She's the

7     most important person involved in this kind of

8     operation.  And then I did meet with some of

9     the attorneys yesterday.

10     Q.     Okay.  I also had a meeting with my wife

11     to prepare for today's deposition.  What

12     attorneys did you meet with to prepare for

13     today's deposition?

14     A.     Let's see.  Tom, Thomas Finch, Scott Amy

15     and Joe Staley.

16     Q.     You said that meeting occurred

17     yesterday?

18     A.     Yes.  It was actually a couple of

19     meetings.

20     Q.     All of which occurred yesterday?

21     A.     Yes.

22     Q.     How long did those meetings go for?

23     A.     I'd say in total it was probably four,

24     five hours.

25     Q.     What did you guys discuss?
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1     A.     Just my declaration, for the most part,

2     and the prior art that's asserted against the

3     patent.

4     Q.     Any particular parts of your declaration

5     or the prior art that you reviewed?

6     A.     I think we kind of went through the

7     whole thing front to back just discussing it.

8     Q.     Okay.  And you reviewed the '398 patent,

9     you said?

10     A.     Yes.

11     Q.     All right.  I'm going to go ahead and

12     introduce that now into Exhibit Share.  I

13     understand you -- do you have some kind of --

14     well, yeah, you're speaking to me on a

15     computer, so I'm guessing you do have a way to

16     view these exhibits that I'm sharing with you,

17     is that right?

18     A.     I hope so.  We'll see if we can get that

19     done.  Otherwise, remember, I do have the hard

20     copy that was printed.

21     Q.     Okay.  All right.

22     A.     So if this doesn't work, I got that.

23     Q.     Yeah.  All right.  Well, I'm going to

24     try to introduce this thing now and see if this

25     works.  All right.  I think this should be in
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1     the Exhibit Share Marked Exhibits folder.  Let

2     me know if you can open that.  And, you know,

3     maybe I'll just share my screen with you too so

4     we can just kind of walk through it together,

5     but you can --

6     A.     Exhibit Share, is that in the chat

7     window or -- because I'm not seeing -- I'm just

8     seeing a chat window.  I'm not seeing anything

9     that says Exhibit Share.

10     Q.     How about I send you the link to it that

11     I have, and you can see if that works for you?

12     A.     Okay.

13     Q.     I just dropped it in the chat with

14     the --

15     A.     Yeah.  That's popping up now.

16     Q.     And are you able to see my screen?

17     A.     Yeah.  I mean, it's pretty -- it's

18     really blurry.

19     Q.     Yeah.  Okay.

20     A.     I can see nominally what's on there.

21     Q.     Sure.

22     A.     It says I need a username for this

23     Exhibit Share --

24     Q.     Oh.

25     A.     -- and exhibit -- a username and
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1     password.

2                THE VIDEOGRAPHER:  Is there an

3     option to enter as a guest?

4                THE WITNESS:  It's just asking me

5     for a username.  That's the first thing it's

6     asking me for.

7     BY MR. STEMLER:

8     Q.     Do you want to share your screen?

9     A.     Do I want to share mine?

10     Q.     Yeah.  We can maybe --

11     A.     Oh.

12     Q.     -- help you walk through this.

13     A.     Sure.

14                THE VIDEOGRAPHER:  Do we want to go

15     off the record to get this figured out?

16                MR. STEMLER:  Yeah, maybe.

17     BY MR. STEMLER:

18     Q.     Are you able to scroll down at all,

19     Dr. Singhose?

20     A.     Scroll --

21                THE COURT REPORTER:  All of this is

22     becoming part of the transcript.  So, Taylor, I

23     would suggest we do what Dave said and go off

24     the record.

25                MR. STEMLER:  Oh.  All right.  Let's
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1     go off the record then.

2                THE COURT REPORTER:  Thanks.

3                THE VIDEOGRAPHER:  We are going off

4     the record.

5                Time now is 9:48.

6                (Off the record 9:48 to 9:51.)

7                THE VIDEOGRAPHER:  We are back on

8     the record.

9                Time now is 9:51.

10     BY MR. STEMLER:

11     Q.     Dr. Singhose, I am sharing a copy of

12     Exhibit 1001, which I understand that you have

13     in front of you in a printed-out copy.  This is

14     a copy of the '398 patent.  Have you seen this

15     document before?

16     A.     (Views document.)  Yes.

17     Q.     Can you describe for me in your own

18     words what this document is?

19                MR. FINCH:  Objection, form.

20                THE WITNESS:  This document is a

21     patent.  You read the full number of the patent

22     before.  It's titled Batteryless Dual Fuel

23     Engine With Liquid Fuel Cut-Off, and it's

24     generally a patent describing technology

25     related to a dual-fuel engine.
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1     BY MR. STEMLER:

2     Q.     Sure.  Okay.  I'd like you to turn to

3     the end of the document, specifically to

4     claim 1.

5     A.     Okay.

6     Q.     Are you there?

7     A.     Yes, I am.

8     Q.     Okay.  Can you identify the claim

9     element that refers to a gaseous fuel valve

10     that is positioned along a gaseous fuel line?

11     A.     Yes.

12                MR. FINCH:  Objection, form.

13     BY MR. STEMLER:

14     Q.     And can you please read for me that

15     element from claim 1?

16     A.     Okay.  "A gaseous fuel valve positioned

17     along a gaseous fuel line coupling the gaseous

18     fuel source to the carburetor; and..."

19     Q.     Thank you.  Dr. Singhose, could you

20     please turn to Figure 1 of this document?

21     A.     Okay.

22     Q.     I'm going to rotate mine clockwise so we

23     can see it without cocking our heads.  Can you

24     describe for me generally what is shown here in

25     Figure 1?
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1     A.     Sure.  Figure 1 is a perspective view of

2     a dual-fuel generator coupled to a fuel

3     delivery system, I mean, according to an

4     embodiment of the invention.

5     Q.     Can you identify the gaseous fuel line

6     in this figure?

7                MR. FINCH:  Objection, form.

8                THE WITNESS:  Yes.  I mean, it may

9     have more than one fuel line, but I will look

10     up the numbers.  I think it's 36, but it should

11     say in the text of the patent.  Well, the text

12     of the patent calls 36 the LPG supply hose 36,

13     but that would be a gaseous fuel line.

14     BY MR. STEMLER:

15     Q.     Okay.  Where does the gaseous fuel line

16     start?

17                MR. FINCH:  Objection, form.

18                THE WITNESS:  In this figure, I'm

19     not sure it actually says exactly where it

20     starts, but it starts approximately -- start --

21     maybe I should be more precise.  "Starting,"

22     meaning starting near the fuel source side.

23     BY MR. STEMLER:

24     Q.     Yeah.

25     A.     That would be approximately where 43 is.
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1     And 43 -- I can probably find what that is.  I

2     don't have a searchable version since we're not

3     sharing the electronic copy here, but 43 is

4     generally some type of connector or interface

5     between that line and the fuel source, and then

6     it would travel from there towards the

7     generator, and it would attach to the side of

8     the generator.

9     Q.     You mentioned that piece 43 appears to

10     be some kind of connector.  Would that be part

11     of the gaseous fuel line?

12     A.     I would want to see exactly what it

13     says, 43.  It says an outlet coupled to LPG

14     supply hose 36.  So in that case it's teaching

15     it's not part of the hose.  It's actually

16     coupled to the hose, so it's a coupler or a

17     connector.

18     Q.     Okay.  And coupler -- things that are

19     coupled to the hose would then not be part of

20     the gaseous fuel line?

21     A.     Well, I think, in this -- you're asking

22     me about Figure 1.  So, I think, in Figure 1 it

23     wouldn't be, but I can imagine a version of

24     this technology where you would put some kind

25     of valve in the middle of a gaseous fuel line.
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1     And then I'd have to think about that.  But in

2     this particular case, I don't think it is.  I

3     think it's just what the patent describes,

4     which is this coupler to the line.

5     Q.     Do you see that illustrated portion

6     of -- it's a segment of a hose that's between

7     the structures that are labeled 44 and 42 in

8     Figure 1?

9     A.     Yeah, there's quite a few things between

10     44 and 42, but did you say something that looks

11     like a hose?

12     Q.     Correct.

13     A.     Okay.  Yeah.  It's not labeled.

14     Q.     Correct.

15     A.     But there is some kind of a hose or a

16     line that passes from approximately 42 to over

17     near 44.

18     Q.     Yeah.  Is that part of the gaseous fuel

19     line?

20                MR. FINCH:  Objection, form.

21                THE WITNESS:  Let me look up to see

22     what these are.  So 42 is a primary pressure

23     regulator, and 44 is a secondary pressure

24     regulator, as I recall, so I don't know.  In

25     this case, I don't think it has to be.  I
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1     haven't really considered that question until

2     now.  Often you would find those primary and

3     secondary pressure regulators right up next to

4     each other.  So the fact that this has a piece

5     of tubing in there, I'd have to think about

6     whether or not it is part of the fuel line.  It

7     appears to be upstream from the fuel line

8     that's identified here in this particular

9     embodiment.

10     BY MR. STEMLER:

11     Q.     What would you have to think about?

12     A.     I'd probably want to go through this

13     patent and see if it describes it as part of

14     the fuel line because what I'm looking at here

15     in Figure 30 -- in Figure 1 and the texts that

16     I just looked up it's indicating that 36 is the

17     gaseous fuel line.

18     Q.     Okay.

19     A.     It hasn't taught me that there's some

20     other parts of the fuel line somewhere else.

21     Q.     Okay.  Can you do that thinking and let

22     me know whether you think this segment of the

23     hose is part of the gaseous fuel line?

24                MR. FINCH:  Objection, form, scope.

25                THE WITNESS:  I mean, that might
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1     take a while.  And so what -- I'm just -- give

2     you a heads-up.  I'd probably want to go to the

3     claim language and see how the claim language

4     is describing this.

5     BY MR. STEMLER:

6     Q.     Okay.

7     A.     And then I'd probably have to go back

8     and read through some relevant sections for the

9     specification.

10     Q.     Sure.

11     A.     So I can do all that, but it's probably

12     going to take a while, and I feel a little

13     uncomfortable doing that under the gun.

14     Q.     Understood.  We're going to be asking a

15     lot of questions today about the '398 patent,

16     so it may -- if you haven't already reviewed it

17     in preparation for today's deposition, it may

18     make sense to go ahead and take that time to do

19     it now.

20     A.     Well, I reviewed this.  I haven't looked

21     at it for a long time.  But it's not a question

22     of reviewing it, it's a question of reviewing

23     it with the specific question, you know, in

24     mind.

25     Q.     Okay.
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1     A.     And to do that -- that analysis takes

2     some amount of hours to go through.  And

3     basically the kind of question that you're

4     asking me is hard to rule out that somewhere

5     in, you know, column 21, line 6, it doesn't

6     say:  By the way, in Figure 1, that little

7     piece of line was part of the gaseous fuel

8     line.  So it's almost like an exhaustive

9     search, the kind of question that you're asking

10     me --

11     Q.     Sure.

12     A.     -- [unintelligible] rule out or rule in

13     some portion of it that's not immediately

14     obvious from Figure 1 or the accompanying texts

15     of Figure 1.

16     Q.     I see.  Okay.  How about if the '398

17     patent were to not discuss that section of line

18     between the two regulators that are identified

19     as 44 and 42?

20     A.     Okay.

21                MR. FINCH:  Objection, form, scope.

22                THE WITNESS:  That's --

23     BY MR. STEMLER:

24     Q.     If that were the case, would there be

25     any way for you to know whether that is part of
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1     the gaseous fuel line?

2                MR. FINCH:  Objection, form, scope.

3                THE WITNESS:  I would say if I read

4     through this, and there was no further

5     discussion about that line except for what we

6     see in Figure 1, I would say it's not part of

7     the gaseous fuel line because it's identified

8     36 and labeled 36 as the gaseous fuel line, but

9     that's just one particular embodiment in

10     Figure 1.

11     BY MR. STEMLER:

12     Q.     I thought you said 36 was identified as

13     the LPG hose?

14     A.     Right.  So the LPG hose is the gaseous

15     fuel line --

16     Q.     Okay.

17     A.     -- in this embodiment.  And since 36

18     doesn't appear to be pointed at another short

19     piece of hose, the patent's not teaching me --

20     at least what we're looking at in the figure

21     and the description of 36 that I read, it's not

22     teaching me that that small piece is part of

23     the fuel line as well, the gaseous fuel line.

24     Q.     How do you know that the LPG hose is the

25     gaseous fuel line?
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1                MR. FINCH:  Objection, form.

2                THE WITNESS:  Oh, because it's going

3     from the gaseous fuel source over to the

4     generator portion.  And that's what a gaseous

5     fuel line does, is it connects the fuel -- the

6     gaseous fuel source to the -- to the generator.

7     BY MR. STEMLER:

8     Q.     And that's how you tell if something is

9     a gaseous fuel line?

10                MR. FINCH:  Objection, form.

11                THE WITNESS:  That's how I -- yeah,

12     that's how I tell -- that's how I determine it

13     in relation to Figure 1.

14     BY MR. STEMLER:

15     Q.     How do you determine if it's a gaseous

16     fuel line in relation to the claim language of

17     claim 1?

18                MR. FINCH:  Objection, form.

19                THE WITNESS:  Well, I'd go back to

20     the claim language and read it, and that's what

21     I'm going to do right now to answer your

22     question.

23     BY MR. STEMLER:

24     Q.     Okay.

25     A.     So the limitation that you pointed me to
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1     early in this line of questioning is

2     particularly relevant.  Just, again, to read it

3     so it's fresh in our mind, "A gaseous fuel

4     valve positioned along a gaseous fuel line

5     coupling the gaseous fuel source to the

6     carburetor..."  So that's teaching us what the

7     claimed gaseous fuel line is.  It's something

8     that couples the gaseous fuel source to the

9     carburetor.

10     Q.     Okay.  Does that hose 36 extend all the

11     way to the carburetor?

12     A.     From this picture, it doesn't appear

13     that.  There could be some internal components

14     there.  But, again, just to remind you what the

15     claim language says, it says it's the gaseous

16     fuel line coupling the gaseous fuel source to

17     the carburetor.  It doesn't actually say it has

18     to extend all the way to the carburetor.

19     Q.     Okay.  What components does 36 extend

20     between?

21                MR. FINCH:  Objection, form.

22                THE WITNESS:  Well, it extends

23     between that coupler 43.  And then sort of the

24     side of the generator where the control inputs

25     are, like, there's -- that's basically side of
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1     the generator where people get to make

2     selections and turn it on and off and plug in

3     the power and stuff like that.  So it's clearly

4     extending from 43, that coupler, to that

5     control interface on the side of the generator.

6     BY MR. STEMLER:

7     Q.     Okay.  That control interface, though,

8     that's not a carburetor, right?

9                MR. FINCH:  Objection, form.

10                THE WITNESS:  No, it's not.  The

11     carburetor would be inside there somewhere.

12     BY MR. STEMLER:

13     Q.     Okay.  So that -- is that -- component

14     43, is that the gaseous fuel source?

15                MR. FINCH:  Objection, form.

16                THE WITNESS:  No.  I think maybe

17     it's 22.  I'd have to look at the terminology

18     of the patent that's used in -- but it's

19     basically the -- you know, the tank is the

20     source of that gaseous fuel.

21     BY MR. STEMLER:

22     Q.     I see.  So that line 36 doesn't

23     necessarily connect directly to that tank 30 or

24     the carburetor, as shown here in Figure 1,

25     right?
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1                MR. FINCH:  Objection, form.

2                THE WITNESS:  Right.  The line is

3     clearly connected to that coupler 43, which is

4     part of 22, which is the -- you know, the fuel

5     delivery system, if you will.  And then the

6     line 36 extends over to that control interface

7     of the generator that we see in Figure 1.

8     Whether or not it extends through that

9     interface all the way to the carburetor, we

10     don't know looking at this figure.

11     BY MR. STEMLER:

12     Q.     Okay.  So is there any reason why you're

13     excluding that segment of hose between the two

14     regulators as part of the gaseous fuel line?

15                MR. FINCH:  Objection, misstates

16     prior testimony.

17                THE WITNESS:  Yeah, I'm not

18     necessarily -- I mean, I'm not necessarily

19     excluding it.  You kind of asked me a question:

20     If it didn't say anything about it, what would

21     I feel?  And I would think that 36 -- the

22     labeled part that's clearly 36 would be the

23     gaseous fuel line.  But whether or not that

24     other piece is the gaseous fuel line, I didn't

25     have enough information to go forward with, but
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1     you -- you said to assume that there's nothing

2     else said about it.  Now, if I read it, and I

3     got a fuller description or understanding of

4     what that little piece was, you know, maybe I

5     would then think it's part of the gaseous fuel

6     line.  And that -- that material that's around

7     43 and 44, you know, that might be something

8     that's just sort of attached to the fuel line,

9     but we don't have that kind of information.

10     I'm just looking at Figure 1, and it's clearly

11     teaching that 36 is the gaseous fuel line.

12     BY MR. STEMLER:

13     Q.     What is your understanding of what that

14     little segment in between the two regulators

15     does?

16     A.     Oh, the hose segment between the primary

17     and the secondary.  That's just a way of

18     passing the gaseous fuel from the primary to

19     the secondary pressure regulators.  So that

20     hose doesn't really have to be there.  You

21     could just directly attach them and have a

22     two-stage regulator all in one piece, all in

23     one assembly, if you will.

24     Q.     And you're saying the only way for you

25     to determine whether that is a gaseous fuel
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1     line would be for the '398 patent to

2     specifically state that it's part of the

3     gaseous fuel line?

4                MR. FINCH:  Objection, form,

5     misstates prior testimony.

6                THE WITNESS:  I don't think it has

7     to specifically state it.  I'd want to read

8     through the patent to understand how it's

9     describing the operation of all those.  But I

10     do know that there's a lot of dual-stage

11     pressure regulators that don't have such a

12     hose, they just connect directly.  So viewing

13     this figure and thinking in my mind that hose

14     getting smaller and smaller and smaller until

15     they're touching, I wouldn't -- in that

16     configuration where that hose is really, really

17     short, I wouldn't think it was part of the

18     gaseous fuel line, I would just think it's a

19     connector between the primary and secondary

20     pressure regulators.

21     BY MR. STEMLER:

22     Q.     So whether or not it would be part of

23     the gaseous fuel line would be dependent on the

24     length of that hose?

25                MR. FINCH:  Objection, form.
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1                THE WITNESS:  Not really the length

2     of the hose, but again, the operation of that

3     whole assembly.  But I'm just saying that I can

4     imagine that hose going all the way to a

5     zero-length hose, and then I don't think it's

6     part of the fuel line there.  I think it's just

7     now a connector of a dual-stage pressure

8     regulator.

9     BY MR. STEMLER:

10     Q.     But in its current form where it's got

11     some length to it, there's no way for you to

12     determine whether that's part of the gaseous

13     fuel line without this extensive review of the

14     '398 patent specification?

15                MR. FINCH:  Objection, form.

16                THE WITNESS:  Yeah, that's correct.

17     I mean, I can envision somewhere in this many,

18     many columned patent that it could say that,

19     for example, 44 is optional and we don't really

20     have to have it, and here it's just added into

21     the middle of the fuel line.  If I saw

22     something like that, then I would -- then I

23     would think:  Oh, the patent is teaching that

24     that little segment is part of the fuel line.

25     But in the absence of that teaching, I would
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1     think it's not part of it.

2     BY MR. STEMLER:

3     Q.     Okay.  In the absence of a teaching

4     saying that it's optional, you're saying you

5     would think that that segment is not part of

6     the gaseous fuel line?

7                MR. FINCH:  Objection, form,

8     misstates prior testimony.

9                THE WITNESS:  Yeah, that's correct.

10     Without some sort of affirmative teaching that

11     that small segment is part of the fuel line, I

12     think it's not part of the fuel line, I think

13     it's part of a dual-stage pressure regulator.

14     BY MR. STEMLER:

15     Q.     Okay.  Is the fuel source then the

16     output of the dual-stage pressure regulator?

17                MR. FINCH:  Objection, form.

18                THE WITNESS:  Oh, I think the fuel

19     source is -- is where the fuel is -- is stored,

20     and that would be [unintelligible].  You can

21     see from the [unintelligible] there they've

22     labeled the [unintelligible] there the fuel

23     source.

24     BY MR. STEMLER:

25     Q.     How about that little section of pipe
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1     labeled right below the arrow, 39?

2            Do you see that?

3                MR. FINCH:  Objection, form.

4                THE WITNESS:  I see that, yes.  I

5     don't know what 39 is without looking at the

6     number.  Do you --

7     BY MR. STEMLER:

8     Q.     Okay.

9     A.     -- know what [unintelligible]?

10     Q.     You're welcome to --

11     A.     Okay.  I'll take a look, see what that

12     is.  The patent teaches that 39 is not that

13     piece alone.  It's saying that 39 is the fuel

14     regulator system, which includes the -- what

15     we've been talking about, the secondary

16     pressure regulator and the primary pressure

17     regulator.  So that's not actually pointing to

18     the hose, it's pointing to the assembly of

19     pressure regulators.

20     Q.     I see.  I guess I was just using that

21     arrow as more of a reference to refer to the

22     component that I wanted to ask you about.  That

23     pipe, I guess, may be unlabeled, but do you see

24     the pipe that I'm mentioning that's below the

25     end of the arrow extending from the number 39?
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1     A.     Yeah, it doesn't really look like so

2     much a pipe to me.  There's no bend to it.

3     Like, the other pipes in here show bending.  It

4     looks like maybe it's a handle or something.

5     Q.     Do you see my screen still?

6     A.     Yes.

7     Q.     Are you stating that this straight

8     component with the two elbow components at the

9     two ends of it does not appear to be a pipe to

10     you?

11                MR. FINCH:  Objection, form.

12                THE WITNESS:  Yeah, I don't know

13     that it's a pipe.  It looks kind of like a

14     handle because I don't know why the gaseous

15     fuel would go over there.  I think the gaseous

16     fuel goes through the two pressure regulators

17     and out to the generator.  I'm not

18     understanding why it would flow over there.

19     BY MR. STEMLER:

20     Q.     How do you think the gaseous fuel enters

21     pressure regulator 42?

22     A.     Well, it's got to come from the -- well,

23     what I'll call the service valve, and then go

24     into one side of 42.  And we can't -- we can

25     see the output of 42.  We really can't see the
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1     input.  So it's somewhere back in there that

2     the gaseous fuel is flowing into the primary

3     pressure regulator 42, but I'm not seeing from

4     this point of view the -- exactly how it gets

5     in there.

6     Q.     In your experience, where would the

7     input for such a pressure regulator be located?

8     A.     Sort of on the opposite side of where

9     the output is where generally the gas flows

10     through a structure and has its pressure

11     reduced.  So we can see the output of it pretty

12     clearly there.  But where it's coming in, I

13     can't see that from this perspective, but it

14     would somewhere be on the opposite side or the

15     backside of 42.

16     Q.     Do you see any components that appear to

17     be attached to the opposite side of 42 from the

18     outlet?

19                MR. FINCH:  Objection, form.

20                THE WITNESS:  Well, that whole thing

21     is mounted on -- see, in this figure we can't

22     tell.  I know how these things work.  So

23     reading in that understanding, somewhere on the

24     backside is the input to it, but there are a

25     couple of different ways that these are laid
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1     out.  So it's somewhere on the backside or the

2     opposite side of where we can see the output

3     hose.

4     BY MR. STEMLER:

5     Q.     Yeah.  And that thing that I'm referring

6     to as a pipe and that you're referring to as a

7     handle --

8     A.     No, I'm not -- just -- I don't want to

9     talk over you, but I'm not referring to it as a

10     handle.  Since it's not numbered, I don't know

11     exactly what it is without some further study.

12     Q.     Okay.  Would you like to take the time

13     to do that further study?

14     A.     I mean, I think what will help is if we

15     identify what 40 and 41 are.

16     Q.     Okay.

17     A.     Might work back from that, and then we

18     can have -- maybe have a better understanding.

19     Q.     Sure.

20     A.     (Views document.)  Okay.  I think I can

21     probably take a run at answering your question

22     now if you restate it.

23                MR. STEMLER:  Dana, can you please

24     repeat the question back?

25                THE COURT REPORTER:  "Do you see any

Page 47

Veritext Legal Solutions
www.veritext.com 888-391-3376



1     components that appear to be attached to the

2     opposite side of 42 from the outlet?"

3                MR. FINCH:  Objection, form.

4                THE WITNESS:  I see a couple of

5     things that are sort of opposite to that, and

6     they're unlabeled, but generally they seem

7     to -- there seems to be a series of components

8     that go from that outlet over towards that

9     linear segment that is -- it's not 39.  It's

10     unlabeled, but I think that you're asking

11     about.  So there's several components between

12     that outlet and that segment that we've been

13     discussing that looks like a handle or a pipe.

14     BY MR. STEMLER:

15     Q.     Okay.  And do you think that -- that

16     segment that we've been discussing that you're

17     saying may be a handle, you don't think that

18     that's attached to the opposite side of the

19     outlet on regulator 42?

20     A.     No.  It appears to be connected to some

21     other device that's connected to 42.  42 -- the

22     label of 42 appears to be generally a

23     round-shaped structure or a disk, and then

24     there's another structure to the upper right of

25     that, which is not round but curved.  And then
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1     that pipe is -- that pipe is kind of connected

2     to that portion through an L-shaped structure.

3     Q.     Does the '398 patent disclose any

4     structures that connect the gaseous fuel source

5     to the primary fuel regulator 42?

6                MR. FINCH:  Objection, form.

7                THE WITNESS:  Yes.  If we look at

8     column 4, going down, starting at line 41,

9     there's a description of this part of Figure 1.

10     And I'm not going to read it all, but that's

11     what I was reviewing.  And that figure explains

12     that there is a service valve 40.  And that's

13     the -- essentially the valve that allows the

14     compressed LPG gas to flow out, and it goes

15     through this inlet 41, and then through that

16     pipe that we've been discussing and makes some

17     kind of U-turn, and then heads back towards the

18     primary pressure regulator fitting.

19     BY MR. STEMLER:

20     Q.     Okay.  Is -- that pipe that we've just

21     been discussing, is that part of the gaseous

22     fuel line?

23     A.     I don't think so.  I think it's part

24     of -- it's described -- the way that I just --

25     that paragraph that I just read, it describes
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1     as apparently linked or a part of the fuel

2     regulator system 39.  So that 39 is not

3     pointing to anything specific because 39

4     contains all the components, I think, from --

5     that go from 40 all the way through 43.  That

6     would be the fuel regulator system.

7     Q.     Okay.  So the segment of pipe between

8     the gaseous fuel source and the regulator

9     system -- or I'm sorry.  Strike that.

10            The segment of pipe between the service

11     valve 40 and the primary fuel regulator 42

12     would then not be part of the gaseous fuel

13     line?

14     A.     Correct.  It's part of the fuel -- it

15     appears to be part of the fuel regulator system

16     39.

17     Q.     Yep.  How about if we look at the

18     regulators 40 -- well, maybe just referring to

19     that regulator system 39, is that part of the

20     gaseous fuel line?

21                MR. FINCH:  Objection, form.

22                THE WITNESS:  I think in this

23     embodiment, no.  As we read -- as we saw

24     earlier, the patent teaches that the fuel

25     line -- the LPG or the gaseous fuel line
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1     basically ends at 43, the way it's described in

2     the patent.

3     BY MR. STEMLER:

4     Q.     Ends at 43.  Okay.  So none of the

5     regulators 42 or 44 would be part of the

6     gaseous fuel line?

7                MR. FINCH:  Objection, form.

8                THE WITNESS:  Again, I think in this

9     embodiment and the way that it's described, no,

10     not in this particular embodiment.

11     BY MR. STEMLER:

12     Q.     Does the '398 patent say anywhere that

13     the LPG hose 36 is part of the gaseous fuel

14     line?

15     A.     No, it doesn't use that words, but it is

16     the gaseous fuel line because it's the line

17     that couples the gaseous fuel source to the

18     carburetor.

19     Q.     Even though it doesn't extend all the

20     way to the gaseous fuel source or the

21     carburetor?

22                MR. FINCH:  Objection, form.

23                THE WITNESS:  That's correct.

24     There's no requirement it has to go all the way

25     to it.  It has to couple it.
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1     BY MR. STEMLER:

2     Q.     And that segment of the hose between

3     regulators 44 and 42 does not perform any part

4     of that coupling?

5                MR. FINCH:  Objection, form.

6                THE WITNESS:  I think that is part

7     of the structure that couples it.  I mean, if

8     it wasn't there, it wouldn't be coupled.  But

9     as we discussed, those are sort of internal

10     connect -- internal connecting portions of 39,

11     the fuel regulator system.

12     BY MR. STEMLER:

13     Q.     If something's part of the regulator

14     system, are you saying it can't be part of the

15     gaseous fuel line?

16                MR. FINCH:  Objection, form,

17     misstates prior testimony.

18                THE WITNESS:  I think for this

19     particular embodiment and the description that

20     goes along with it, it can't because the

21     description that we discussed, it indicates

22     that the fuel line ends at 43.

23     BY MR. STEMLER:

24     Q.     Where does it indicate that the fuel

25     line ends at 43?
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1     A.     Well, in column 4, starting on line 49,

2     when discussing Figure 1, the patent states,

3     "An outlet 43 coupled to LPG supply hose 36."

4     That's teaching that those are different

5     components.  And so that's what I've been

6     referring back to when I say that LPG supply

7     hose 36 ends at 43, it's from that teaching

8     there.

9     Q.     Does the gaseous fuel line have to be a

10     hose?

11     A.     I don't think so.  I don't see that

12     requirement.  I don't remember that

13     requirement.

14     Q.     Can the gaseous fuel line ever include

15     couplings?

16     A.     I think it can, yes.

17     Q.     How do you know whether those couplings

18     would be included as part of the gaseous fuel

19     line or not?

20     A.     Well, I think the test would be if the

21     gaseous fuel line continued on beyond that

22     connector.  For example, if we go to -- go back

23     to column 4, but we go up to line 32, at that

24     point the patent teaches, "LPG supply hose 36

25     is coupled to a second fuel line within
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1     generator 20."  So I think in that case it's

2     teaching that that fuel line that we see in

3     Figure 1 goes up to that user interface, and

4     then obviously there's a coupler there, but

5     then it passes through and continues on to the

6     carburetor through a second fuel line.  And I

7     think in that case we would know that second

8     fuel line is also part of the gaseous fuel

9     line.

10     Q.     Can you turn to column 8, line 1 of the

11     '398 patent for me?

12     A.     Column 8, line 1, yes.  I'm there.

13     Q.     And can you read for me the first full

14     sentence that appears there?

15     A.     "Accordingly, first fuel line 66 may be

16     a liquid fuel line, and second fuel line 70 may

17     be a gaseous fuel line."

18     Q.     And if I scroll down to Figure, sorry,

19     4A, do you see second fuel line 70 shown here?

20     A.     Yes, I do.

21     Q.     Are you aware of any similar description

22     in the '398 patent that refers to the gaseous

23     fuel hose 36 in Figure 1 as the gaseous fuel

24     line?

25                MR. FINCH:  Objection, form.
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1                THE WITNESS:  I'm not sure I

2     understood the question.  Can you repeat that?

3     BY MR. STEMLER:

4     Q.     Yeah.

5                MR. STEMLER:  Dana, do you mind

6     reading it back one time?

7                THE COURT REPORTER:  "Are you aware

8     of any similar description in the '398 patent

9     that refers to the gaseous fuel hose 36 in

10     Figure 1 as the gaseous fuel line?"

11                MR. FINCH:  Objection, form.

12                THE WITNESS:  Not off the top of my

13     head, but the question is a little bit odd to

14     me, to be honest.  It's not using the

15     terminologies that are here in the patent, so

16     I'm a little confused by it.

17     BY MR. STEMLER:

18     Q.     I'm sorry.  I should have used the word

19     "LPG supply hose 36."

20     A.     Okay.

21     Q.     And so I'll restate my question for you.

22     A.     Okay.

23     Q.     Are you aware of any similar description

24     in the '398 patent that refers to the LPG

25     supply hose 36 shown in Figure 1 as the gaseous
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1     fuel line?

2                MR. FINCH:  Objection, form.

3                THE WITNESS:  Off the top of my

4     head, I don't know that it uses those words,

5     but the description of it throughout this

6     disclosure is clearly teaching that it's a

7     gaseous fuel line.

8     BY MR. STEMLER:

9     Q.     And how exactly do you reach that

10     conclusion?

11     A.     Well, reading the specification,

12     understanding how this technology is described.

13     And, for example, going back to Figure 1, when

14     you read all of the description of what's

15     involved in Figure 1, you understand that that

16     hose 36 is coupling the gaseous fuel source to

17     the carburetor, and so therefore it's a gaseous

18     fuel line.

19     Q.     But not all components that couple the

20     gaseous fuel source to the carburetor are part

21     of the gaseous fuel line?

22                MR. FINCH:  Objection, form.

23                THE WITNESS:  Yeah, I think that's

24     correct.

25     BY MR. STEMLER:
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1     Q.     How do you tell then which of the

2     components that couple gaseous fuel source to

3     the carburetor are part of the gaseous fuel

4     line and which of them are not?

5                MR. FINCH:  Objection, form.

6                THE WITNESS:  Well, essentially you

7     would look for components that are lines or

8     hoses and/or other conduits of the -- that

9     allow the gaseous fuel to flow from the fuel

10     source towards the carburetor.

11     BY MR. STEMLER:

12     Q.     But not the hose between 44 and 42?

13                MR. FINCH:  Objection, form.

14                THE WITNESS:  Well, again, that's a

15     very specific embodiment.  And going through

16     and reading how that's described, that's an

17     internal component of that 39, which is that

18     fuel regulator system.

19     BY MR. STEMLER:

20     Q.     So if a hose or a conduit could be

21     described as a different -- part of a different

22     system but still connects between the gaseous

23     fuel source and the carburetor, that would be

24     excluded from being part of the gaseous fuel

25     line?
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1                MR. FINCH:  Objection, form.

2                THE WITNESS:  I didn't quite

3     understand that question.  I'm sorry.

4                MR. STEMLER:  Dana, can you read

5     that one back, please?

6                THE COURT REPORTER:  "So if a hose

7     or a conduit could be described as a

8     different -- part of a different system but

9     still connects between the gaseous fuel source

10     and the carburetor, that would be excluded from

11     being part of the gaseous fuel line?"

12                MR. FINCH:  Objection, form.

13                THE WITNESS:  Yes.  I think it could

14     be excluded.  And this particular description

15     that we've gone through is teaching that those

16     are internal components of the fuel regulation

17     system 39, and that's why in this case I think

18     what we are clearly being taught is that 36 is

19     the gaseous fuel line or at least part of it.

20     And then what we read recently indicates

21     there's another portion of that gaseous fuel

22     line inside the generator that's not shown, but

23     it's described in the text.  So those parts

24     that are described as the LPG line would be the

25     gaseous fuel line.
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1     BY MR. STEMLER:

2     Q.     Okay.  Are you familiar with threaded

3     connections, Dr. Singhose?

4     A.     Yes, I am.

5     Q.     Do you think that the end of the

6     gaseous -- I'm sorry.  Strike that.

7            Do you think that the end of the LPG

8     supply hose 36 could be connected to the outlet

9     43 via a threaded connection?

10                MR. FINCH:  Objection, form.

11                THE WITNESS:  I think it could be

12     unless somewhere in the patent it says 43

13     cannot be a threaded connector.  From what I --

14     what we've read today, it just says it's a

15     coupler, so in that case I think it could be a

16     threaded connector.

17     BY MR. STEMLER:

18     Q.     Sure.  And so I understand --

19                MR. FINCH:  Taylor, we've been going

20     for almost an hour and a half.  So whenever you

21     get to a minute, let's take a break.

22                MR. STEMLER:  All right.  I'll wrap

23     up here soon.

24     BY MR. STEMLER:

25     Q.     I understand that your position is that
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1     fuel outlet 43 of the regulator would not be

2     part of the gaseous fuel line because it is

3     part of the regulator system.  Would the metal

4     fitting at the end of the LPG supply hose 36

5     that could thread into that connection be part

6     of the gaseous fuel line?

7                MR. FINCH:  Objection, form,

8     misstates prior testimony.

9                THE WITNESS:  I'm not exactly sure

10     what you're referring to.  Are you referring to

11     the 43 side or the other side of 36 that goes

12     into the user interface?

13     BY MR. STEMLER:

14     Q.     Nope.  I'm referring to the side that

15     attaches to 43.

16                MR. FINCH:  Objection, form.

17                THE WITNESS:  Okay.  Yeah, I don't

18     exactly know what's in there.  As we just

19     discussed, I don't know what kind of a

20     connector is there, so I'm not sure there's a

21     metal part.

22     BY MR. STEMLER:

23     Q.     Okay.

24     A.     You basically said there's a metal part.

25     I'm not sure what that is.
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1     Q.     Say, for example, there's a female-style

2     connection of the threaded connection that's

3     attached to the hose 36.  Can you understand

4     what I'm talking about there?

5     A.     I think so, yeah.

6                MR. FINCH:  Objection, form.

7                THE WITNESS:  There's some kind of

8     connector on the end.

9     BY MR. STEMLER:

10     Q.     Sure.  Would the connector on the end of

11     36 be part of the gaseous fuel line?

12     A.     I mean, I think in this particular

13     embodiment -- again, I'm going to go with what

14     the patent says, and the patent is saying that

15     that coupler 43 is not part of the hose, so I'm

16     not exactly sure what you're describing.  But

17     to the extent that it's part of the coupler,

18     then the patent is teaching us that in this

19     embodiment the coupler is not part of the fuel

20     line.

21     Q.     Okay.  What if it's part of the hose?

22     A.     Yeah, I think if you --

23                MR. FINCH:  Objection, form.

24                THE WITNESS:  -- if you just had a

25     relatively low-pressure system, and you could
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1     push the hose onto, like, a spigot outlet that

2     kind of has some ridges that connect it, and

3     then maybe you put a clamp over it, I would

4     think that all of that hose is part of the

5     line, but the connector is not.

6     BY MR. STEMLER:

7     Q.     Okay.

8                MR. STEMLER:  We can take a quick

9     break.

10                THE VIDEOGRAPHER:  We are going off

11     the record.

12                Time now is 10:42.

13                (Off the record 10:42 to 10:54.)

14                THE VIDEOGRAPHER:  We are back on

15     the record.  This is the start of Media

16     Number 2.

17                The time is 10:54.

18     BY MR. STEMLER:

19     Q.     Dr. Singhose, I'm sharing Figure 1 of

20     the '398 patent again.  Do you see this?

21     A.     Yes, I do.

22     Q.     Before we broke, we were talking about

23     the connection between hose 36 and the

24     regulator system outlet labeled as 43.  Do you

25     recall that?
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1     A.     Yes.

2     Q.     We discussed a couple of different

3     connection mechanisms, one of which that you

4     mentioned was if the hose extended over a

5     protrusion and was connected via some type of

6     wrap around the hose.  Do you remember that?

7                MR. FINCH:  Objection, form,

8     misstates prior testimony.

9                THE WITNESS:  Yes, I do remember

10     something like that.

11     BY MR. STEMLER:

12     Q.     Now, I'm not aware of any instance in

13     the '398 patent where any particular form of

14     connection is specified between the hose 36 and

15     the outlet 43.  Are you?

16                MR. FINCH:  Objection, form.

17                THE WITNESS:  Oh, I see -- I can

18     understand the question.  You're saying is

19     there somewhere in there where the 43 is

20     described as being a particular kind of

21     coupling?  Is that your question?

22     BY MR. STEMLER:

23     Q.     Correct.

24     A.     Okay.  I mean, off the top of my head, I

25     don't know that.  I'd have to search.
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1     Q.     Okay.  Are you able to imagine a

2     scenario where there might be a threaded

3     coupler that connects line or hose 36 to outlet

4     43?

5                MR. FINCH:  Objection, form.

6                THE WITNESS:  Yes.  And we were --

7     I'm a little confused by the question.  I

8     thought we were talking about that before, that

9     43 could be a threaded connector.

10     BY MR. STEMLER:

11     Q.     Yeah.  We were -- we were discussing

12     that.

13     A.     So yeah, it could be a threaded

14     connector.

15     Q.     Okay.  Can you imagine a scenario for me

16     in which the hose includes a male-style portion

17     of that threaded connection?

18                MR. FINCH:  Objection, form.

19                THE WITNESS:  Yes.  The end of 36

20     could have a male-style connector.  I mean, it

21     would be essentially like a garden hose.  Is

22     that what you're envisioning?

23     BY MR. STEMLER:

24     Q.     Exactly.

25     A.     [Unintelligible] hose?
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1     Q.     Yeah, similar to that.  And in that

2     case, the outlet 43 may be a female-style

3     portion of that threaded connector?

4                MR. FINCH:  Objection, form.

5                THE WITNESS:  Yeah.  So I'm trying

6     to understand.  So you're making an

7     interpretation, I think, that I wasn't about

8     43, that 43 isn't both parts of a connector.

9     The way the patent reads is that 43 is an

10     outlet coupled to the LPG supply hose.  We read

11     that several times.  So I'm not viewing 43 as

12     being sort of one half of a connector.  I'm

13     viewing it as the entire coupler.

14     BY MR. STEMLER:

15     Q.     In which case that would include the

16     male-style portion of the hose and the

17     female-style portion?

18     A.     Yes, it could.

19                MR. FINCH:  Objection, form.

20                THE WITNESS:  Yes.

21     BY MR. STEMLER:

22     Q.     And so you're saying then that the

23     male-style portion of the hose -- I'm sorry.

24     Strike that.

25            You're saying then that the male-style
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1     portion of the threaded connector would not be

2     part of the gaseous fuel line?

3                MR. FINCH:  Objection, form,

4     misstates prior testimony.

5                THE WITNESS:  I'm not ruling it out.

6     I mean, I just don't think the patent teaches

7     that level of specificity.

8     BY MR. STEMLER:

9     Q.     All right.  I'd like to pull up another

10     exhibit.  I've got -- I'm introducing your

11     declaration now, which is Exhibit 2133.

12                THE COURT REPORTER:  A new exhibit

13     then?

14                MR. STEMLER:  This will be a new

15     exhibit.  That's correct.

16                (Exhibit Number 2133 marked for

17     identification.)

18     BY MR. STEMLER:

19     Q.     All right.  This exhibit should now be

20     displayed on the screen.  Do you see this,

21     Dr. Singhose?

22     A.     Yes, I do.

23     Q.     All right.  And I would like to turn to

24     page 56 of this exhibit.

25     A.     Okay.
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1     Q.     All right.  Would you please read

2     paragraphs 115 and 116 to yourself for me, and

3     let me know when you've finished reading those

4     paragraphs?

5     A.     Okay.  (Views document.)  Okay.  I've

6     read paragraphs 115 and 116.

7     Q.     Okay.  So it's my understanding, after

8     reading these two paragraphs, that you're

9     basing your understanding on whether something

10     is a gaseous fuel line as dependent on whether

11     or not a fuel within that line is in the

12     gaseous state, is that generally correct?

13                MR. FINCH:  Objection, form,

14     misstates prior testimony.

15                THE WITNESS:  Well, I think it needs

16     to do exactly what the claim limitation says,

17     which it has to couple the gaseous fuel source

18     to the carburetor.  That's what determines

19     whether or not it's the gaseous fuel line.  The

20     gaseous fuel line could, for example, be empty

21     of any gas -- there could be no gaseous fuel in

22     there if you run out of gas.

23     BY MR. STEMLER:

24     Q.     Sure.  Would that be a gaseous fuel line

25     then?
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1     A.     Yes, because it's coupling the fuel

2     source, which happens to be, I guess, empty in

3     that case, to the carburetor.

4     Q.     Sure.  What if there was a liquid fuel

5     in that line, but the line was still coupling

6     the gaseous fuel source to the carburetor,

7     would that be a gaseous fuel line?

8                MR. FINCH:  Objection, form.

9                THE WITNESS:  Yes.  There could

10     be -- I mean, somebody could hook this thing up

11     incorrectly and put some water or some kind of

12     liquid in there.  That doesn't change that it's

13     the gaseous fuel line.  It's just being used

14     incorrectly.

15     BY MR. STEMLER:

16     Q.     And so if I filled a gaseous fuel line

17     with liquid fuel, but it was still coupling a

18     gaseous fuel source to the carburetor, that

19     would still be a gaseous fuel line?

20                MR. FINCH:  Objection, form.

21                THE WITNESS:  Yeah, I think so.  I

22     don't understand how you're doing that, because

23     you'd have to, like, disconnect from the

24     gaseous fuel source.  And I think if you're in

25     that situation, I don't quite understand what's
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1     going on.  Seems like you're breaking it, and

2     then asking me questions about the broken

3     system.  It's hard to do that.

4     BY MR. STEMLER:

5     Q.     Yeah, or just uncoupling a connection

6     and filling it and recoupling it?

7                MR. FINCH:  Objection, form.

8                THE WITNESS:  I think in a case like

9     that where somebody is purposely misusing a

10     generator, you're not changing the fact that

11     it's the gaseous fuel line, you're just using

12     it in a way you're not supposed to be using it.

13     I think misuse of something doesn't change what

14     the component is, it's just being misused.

15     BY MR. STEMLER:

16     Q.     Sure.  Even though the state of the fuel

17     within that particular portion of the line

18     would not be gaseous during that period of

19     misuse?

20                MR. FINCH:  Objection, form.

21                THE WITNESS:  Yeah, that's right.  I

22     don't think it's even functioning properly

23     under that -- I don't see how it could function

24     properly.  If you put gasoline, for example, in

25     the gaseous fuel line, this -- I don't think
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1     that's even going to work.

2     BY MR. STEMLER:

3     Q.     Okay.  I'd like to turn back to the '398

4     patent.  We read claim 1 -- a particular

5     element of claim 1 earlier on in the

6     deposition.  I asked you to read this portion,

7     "A gaseous fuel valve positioned along a

8     gaseous fuel line coupling the gaseous fuel

9     source to the carburetor..."  Do you recall

10     reading that, Dr. Singhose?

11     A.     Yes, I do.

12     Q.     Can you identify for me where in the

13     '398 patent a gaseous fuel line positioned

14     along -- strike that.

15            Can you identify for me where in the

16     '398 patent a gaseous fuel valve positioned

17     along a gaseous fuel line is disclosed?

18                MR. FINCH:  Objection, form.

19                THE WITNESS:  Let me see.  Without

20     rereading the whole thing, I'd be tempted to go

21     back to that Figure 4 that we were talking

22     about before.

23     BY MR. STEMLER:

24     Q.     Yep.  I can do that.

25     A.     There's likely to be disclosures there,
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1     so it's probably one of those numbers.  You

2     talked about it before, how 70 would really

3     be -- we talked about before 70 being the

4     gaseous fuel line, was that correct?

5     Q.     Right.

6     A.     So I think if I -- if we were to pull up

7     and look at the description that goes along

8     with that, I think what we'll find is that 59

9     or 50A, maybe it's 50A and B, let me see if I

10     can find those, those described here.  So 50A

11     and 50B are described as, I believe, parts of a

12     quick disconnect hose coupling.  And 70 is

13     clearly part of the gaseous fuel line.  But

14     then also you can see in Figure 4A there is a

15     line running from 50B down to the propane tank

16     that's also part of the gaseous fuel line.  So

17     I think one looking at this and realizing that

18     the gaseous fuel line is going from that

19     propane tank up to the carburetor, one

20     disclosure of a valve is that quick disconnect

21     connector 50A and 50B, there's a valve in

22     there.

23     Q.     Is -- that line between 50B and propane

24     tank 68, is that always part of the gaseous

25     fuel line?
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1                MR. FINCH:  Objection, form.

2                THE WITNESS:  I don't think it

3     always has to be.  But if we were to combine

4     the teachings of Figure 1 and Figure 4A, then

5     that segment that's unlabeled in Figure 4A

6     would be 36 that we were talking about before

7     from the propane tank up to the user interface.

8     BY MR. STEMLER:

9     Q.     Sure.

10     A.     So I think -- you know.  And then we

11     also read earlier the part of the patent that

12     says that 36 is one part of the line, and

13     there's another internal line which goes up to

14     the carburetor, and so that would be 70.  So I

15     think taking Figures 1, 4A and that textual

16     description we had before is a teaching of a

17     gaseous fuel line that has a gaseous fuel valve

18     positioned along it.

19     Q.     Okay.  Is -- the component 59, is that

20     part of the gaseous fuel line?

21                MR. FINCH:  Objection, form.

22                THE WITNESS:  I think I can answer

23     your question if I just find where 59 is

24     described.  Give me a second to do that.  Well,

25     if we go to column 8 of the patent and go to
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1     line 17, the patent describes, "Mechanical fuel

2     valve 54 to block and unblock fuel inlet 59 of

3     second fuel line 70."  I think that's teaching

4     us that 59 is part of the second fuel line.

5     BY MR. STEMLER:

6     Q.     Okay.  And it's -- you said it's the

7     inlet of the second fuel line, right?

8     A.     Yes.

9     Q.     And the second fuel line is the gaseous

10     fuel line?

11     A.     Yeah.  The gaseous fuel line 70, the

12     second fuel line, yes.

13     Q.     Is it your understanding then that

14     component 50A would also be part of the gaseous

15     fuel line?

16                MR. FINCH:  Objection, form.

17                THE WITNESS:  Well, 50A is the --

18     what we talked about before, it's the gaseous

19     fuel valve positioned along the gaseous fuel

20     line.

21     BY MR. STEMLER:

22     Q.     Is it part of the gaseous fuel line?

23                MR. FINCH:  Objection, form.

24                THE WITNESS:  I don't think it

25     necessarily has to be part of the line.  It
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1     just has to be positioned along it.

2     BY MR. STEMLER:

3     Q.     Is it part of the fuel line in this

4     figure?

5                MR. FINCH:  Objection, form.

6                THE WITNESS:  In Figure 4A?

7     BY MR. STEMLER:

8     Q.     Yeah.

9     A.     I'm not sure I can make that

10     determination just looking at the figure.

11     Again, probably want to read how it's

12     described, but it's clearly a valve along the

13     line.  And there's the first part of the line

14     and the second part of the line, it's

15     positioned along it.

16     Q.     How come you can't tell if it's part of

17     the gaseous fuel line here?

18                MR. FINCH:  Objection, form,

19     misstates prior testimony.

20                THE WITNESS:  Well, I'd want to read

21     about how it's described in the patent is all

22     I'm saying, if it says that 50A and 50B are not

23     part of the fuel line and simply a quick

24     connect connector.  But it may also say that

25     those are part of the fuel line, it's
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1     positioned along it.  I'm not sure that we have

2     a clear teaching one way or the other, but it's

3     positioned along it.  Whether or not it's part

4     of it, I'd probably have to do more research.

5     BY MR. STEMLER:

6     Q.     How do you know if it's positioned along

7     the gaseous fuel line, but you can't tell if

8     it's part of the gaseous fuel line?

9                MR. FINCH:  Objection, form.

10                THE WITNESS:  Well, I've read the

11     description of how this works, and those quick

12     connectors go together.  So at that point the

13     fuel line is running from the propane tank up

14     to the carburetor, and that valve is positioned

15     along the line.  That is, there's a part of the

16     line before it, and there's a part of the line

17     after it.  That's what it means to be

18     positioned along it.

19     BY MR. STEMLER:

20     Q.     When the connector is not attached --

21     strike that.

22            When the two sides of the connector are

23     not attached, so -- as shown in Figure 4A, is

24     50B part of the gaseous fuel line?

25                MR. FINCH:  Objection, form.
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1                THE WITNESS:  Again, I think it

2     could be.  I didn't study the patent for this

3     particular sort of subtle teaching whether or

4     not how much of the ends of the fuel line are

5     part of the fuel line or not, those connector

6     ends.

7     BY MR. STEMLER:

8     Q.     Can you review the patent and let me

9     know now?

10     A.     Okay.  Just --

11                MR. FINCH:  Objection, form.

12                THE WITNESS:  Let me understand the

13     question correctly.  You're saying when it's

14     not in the connected state, is it part of the

15     fuel line or not?

16     BY MR. STEMLER:

17     Q.     Yeah.  When it's not in the connected

18     state, would 50B be part of the gaseous fuel

19     line?

20     A.     Okay.

21                MR. FINCH:  Objection, form, scope.

22                THE WITNESS:  (Views document.)

23     Okay.  I think I've reviewed enough of the

24     patent to give an answer to your question, if I

25     could just have the question one more time.
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1     BY MR. STEMLER:

2     Q.     Sounds good.

3                MR. STEMLER:  Dana, could you please

4     read it back?

5                THE COURT REPORTER:  "When it's not

6     in the connected state, would 50B be part of

7     the gaseous fuel line?"

8                MR. FINCH:  Objection, form.

9                THE WITNESS:  I think to answer that

10     question it's instructive to look at column 7

11     of the patent.  Starting on looks to be about

12     line 18, the patent teaches, "Hose coupling 50

13     has a second end 50B coupled to the outlet of

14     LPG supply hose 36."  So we know that 36 is

15     part of the gaseous fuel line.  So that

16     teaching indicates that the coupler's not part

17     of the hose itself.

18     BY MR. STEMLER:

19     Q.     How about the section that you're -- I

20     guess we're looking at it here on Figure 4A

21     that extends between 50B and 60A.  I know you

22     mentioned that that's analogous to the hose 36

23     shown in Figure 1.  Is that part of the gaseous

24     fuel line when in the disconnected state shown

25     in Figure 4A?
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1     A.     Yes.  In fact, that's what --

2                MR. FINCH:  Objection, form,

3     misstates prior testimony.

4                THE WITNESS:  Yes, that's what the

5     passage that I just read speaks to.  It says

6     that that second end 50B is coupled to the

7     outlet of LPG supply hose 36.  So even though

8     36 is not labeled there in 4A, that text is

9     teaching us that that is 36.

10     BY MR. STEMLER:

11     Q.     Okay.  And that's part of the gaseous

12     fuel line --

13     A.     Yes.

14     Q.     -- when in the disconnected state?

15     A.     Yes.

16                MR. FINCH:  Objection, form.

17     BY MR. STEMLER:

18     Q.     How about that flange 58 that's shown

19     between 50A and 50B, is that part of the

20     gaseous fuel line?

21                MR. FINCH:  Objection, form.

22                THE WITNESS:  No.

23     BY MR. STEMLER:

24     Q.     Okay.  If I were to place a vaporizer

25     along the length of line 70 and connect an LPG
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1     tank where 68 is shown and flow liquid LPG from

2     the tank through 50B and 50A into the

3     vaporizer, would you still consider 50A and/or

4     50B to be a gaseous fuel valve?

5                MR. FINCH:  Objection, form, scope,

6     incomplete hypothetical.

7                THE WITNESS:  So 50A and 50B are

8     described as quick connectors, right, you're

9     wanting me to keep them as quick connectors but

10     have liquid flowing through them?

11     BY MR. STEMLER:

12     Q.     Yeah.

13     A.     Okay.  As an initial matter, I think

14     they have to be different kinds of connectors

15     to do that, so I don't think they can be the

16     same connectors.  So I'll have to change that

17     to something appropriate to connect liquid.  So

18     if you'll allow me to make that change, let me

19     see if I can answer the question.  I think in

20     that case it's a liquid valve because you're

21     stopping and starting the flow of liquid.  So I

22     wouldn't consider -- I don't -- to the extent I

23     can understand this, I don't think that's a

24     gaseous valve anymore.  I think it's a liquid

25     valve because it's controlling the flow of
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1     liquid.

2     Q.     How about if you didn't change the

3     valves, if you kept valves 50A and 50B as they

4     were?

5     A.     I don't think it would work.  I think

6     the kind of quick connectors for a gas are

7     different than the connectors you would use for

8     pressurized liquid.

9     Q.     Can you turn to column 11, line 15 of

10     the '398 patent for me?

11     A.     I'm at column 11 and line 15.

12     Q.     All right.  And I'll pull that up for

13     Dana.  Could you please read the first full

14     sentence that appears there?

15     A.     "Embodiments of the invention also

16     contemplate mechanical fuel valve 54 configured

17     to operate along second fuel line 70 to provide

18     a flow path for second fuel source 30 to

19     carburetor 62 when the valve is in second

20     position 38B."

21     Q.     And could you please show for me where

22     in Figure 4A and 4B that is described?

23                MR. FINCH:  Objection, form, lacks

24     foundation.

25                THE WITNESS:  Well, there's several
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1     things in that sentence, but let's start at the

2     first one.  It says that there's a mechanical

3     fuel valve 54.  So 54 is labeled on the left

4     side, kind of the left middle side of

5     Figure 4A.  And then the rest of the sentence

6     says it's configured to operate along a second

7     fuel line 70.  So 70 is labeled there.  And

8     then it's -- we need to look at flow path for

9     second fuel source 30.  So second fuel source

10     30 is basically pointing to the propane tank at

11     the bottom.  And then carburetor 62 is -- well,

12     it's labeled sort of in the very center of the

13     device.  So those -- that's where those

14     components -- those physical components are

15     shown in Figure 4A.

16     BY MR. STEMLER:

17     Q.     Okay.  So as shown here, the mechanical

18     fuel valve 54 is operating along the second

19     fuel line 70 to provide a flow path for second

20     fuel source 30?

21     A.     Yes.

22     Q.     Okay.

23                MR. STEMLER:  I'd like to take a

24     quick break.

25                THE VIDEOGRAPHER:  We are going off

Page 81

Veritext Legal Solutions
www.veritext.com 888-391-3376



1     the record.

2                Time now is 11:35.

3                (Off the record 11:35 to 12:27.)

4                THE VIDEOGRAPHER:  We are back on

5     the record.  This is the start of Media

6     Number 3.

7                The time is 12:27.

8     BY MR. STEMLER:

9     Q.     Hello again, Dr. Singhose.

10     A.     Good afternoon.

11     Q.     During the course of our lunch break or

12     any of our other breaks, did you speak with any

13     of Champion's attorneys about this proceeding?

14     A.     Well, yeah, generally about the

15     proceeding, like, how much of the day is going

16     to be spent doing this and when we're coming

17     back online, that kind of thing.

18     Q.     Did you discuss the substance of your

19     testimony with them?

20     A.     No.

21     Q.     Okay.  What does LPG stand for?

22                MR. FINCH:  Objection, form.

23                THE WITNESS:  Well, it can stand for

24     different things, but liquid petroleum gas.

25     BY MR. STEMLER:
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1     Q.     And that's the term, "LPG," that's used

2     in the '398 patent?

3                MR. FINCH:  Objection, form.

4                THE WITNESS:  Yeah, generally that's

5     what it means.

6     BY MR. STEMLER:

7     Q.     How would you describe the chemical

8     composition of LPG?

9     A.     I mean, I'm not a chemistry expert, but

10     I do understand that it has hydrocarbons in it,

11     basically complex molecules that are what we

12     call flammable.  If you bring them up to a

13     certain temperature, they tend, like, to break

14     apart violently and explode or cause a fire.

15     Q.     How does that chemical composition

16     differ from the chemical composition of

17     gasoline?

18     A.     Again, I'm not a chemistry expert, but

19     it's related.  I mean, it's not the same

20     chemicals, but they're related chemicals in the

21     sense that they -- when you vaporize them or

22     put them in gaseous form and you put them near

23     something hot, they tend to explode violently.

24     Q.     Do you understand LPG's chemical

25     composition to change depending on whether it's
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1     in the gaseous form or in the liquid form?

2                MR. FINCH:  Objection, form.

3                THE WITNESS:  The chemical

4     composition in terms of the -- of the baseline

5     molecules, the hydrocarbons wouldn't change,

6     but certainly they bind together through their

7     molecular bonds differently.  When you're in a

8     liquid state, you have what's called

9     intermediate bonding, and so the molecules tend

10     not to -- they tend to move around relative to

11     each other, but they won't, like, bust off and

12     fly away like they will in a gas.

13     BY MR. STEMLER:

14     Q.     Generally, how does the chemical

15     composition of gaseous fuel differ from the

16     chemical composition of liquid fuel?

17                MR. FINCH:  Objection, form,

18     foundation, scope.

19                THE WITNESS:  I don't know -- I

20     don't understand the use of "differ" in that

21     question.

22     BY MR. STEMLER:

23     Q.     How is it different?

24                MR. FINCH:  Objection, form.

25                THE WITNESS:  Again, I don't think
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1     that the chemical composition changes when you

2     take a gas and you either compress it or you

3     freeze it, and it comes together and forms a

4     liquid.  I think the chemicals are the same,

5     but they get close to each other and they tend

6     to stick together rather than flying apart.  So

7     it's not a chemical composition, it's more of a

8     chemical structure.

9     BY MR. STEMLER:

10     Q.     I see.  Let me ask that question in a

11     slightly different way.  How does the chemical

12     composition of a fuel that is in a gaseous

13     state at standard temperature and pressure

14     differ from the chemical composition of a fuel

15     that is in a liquid state at standard

16     temperature and pressure?

17                MR. FINCH:  Objection, form,

18     foundation, asked and answered, scope.

19                THE WITNESS:  Again, I'm not a

20     chemistry expert, but I do understand it to the

21     level that those two different kinds of fuels

22     would have two different types of molecules,

23     and the one that's liquid at room temperature

24     would essentially tend to stick together better

25     than one that is normally gaseous at room

Page 85

Veritext Legal Solutions
www.veritext.com 888-391-3376



1     temperature and pressure.

2     BY MR. STEMLER:

3     Q.     Would that have to do with, like, the

4     polarity of the bonds in the molecules?

5                MR. FINCH:  Objection, form.

6                THE WITNESS:  I don't understand it

7     well enough at that level to answer the

8     question.  The way you're using "polarity" is a

9     little confusing to me.  And, again, I'm not a

10     chemist, and I haven't prepared to answer

11     chemical questions here today.

12     BY MR. STEMLER:

13     Q.     Do you understand the word "liquified"

14     in the term "LPG" to refer to the fuel -- to

15     refer to the state of the fuel at any given

16     time?

17                MR. FINCH:  Objection, form.

18                THE WITNESS:  Not at any given time.

19     I understand liquified to refer to it being

20     stored essentially under pressure or at a

21     colder temperature so that it does liquefy.

22     BY MR. STEMLER:

23     Q.     And the word "gas" in LPG, what is your

24     understanding of that term?

25     A.     Gas is -- well, like, I'm not even sure
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1     I know the source of where that term came from.

2     But gas in that sense probably refers to the

3     fact that it's, like, gas, a gasoline, like, it

4     can explode, it's hydrocarbons.

5     Q.     Does it refer to the phase of the fuel?

6                MR. FINCH:  Objection, form.

7                THE WITNESS:  Yeah, that would be --

8     I don't think so.  It would be kind of

9     contradictory to say it's liquid and gas.

10     Usually we take a material and we consider it

11     to be liquid or gas, although there is some

12     overlap there.  But it also could refer to the

13     fact that when we first get it out of the

14     ground, it's in a gaseous state, and we

15     compress it into a liquid state.  That's also

16     another reasonable interpretation of the use of

17     LPG.

18     BY MR. STEMLER:

19     Q.     And so the word "gas" could refer to the

20     state of the fuel at standard temperature and

21     pressure?

22                MR. FINCH:  Objection, form.

23                THE WITNESS:  It could.  Again, I

24     didn't study that issue, where the term came

25     from.  So those are both reasonable things.
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1     They're gas in the sense that they explode.

2     And they're also gas in that it's a gaseous

3     substance when we first pull it out of the

4     ground.

5     BY MR. STEMLER:

6     Q.     I'll share my copy of the '398 patent

7     again, Figure 1.  Do you see this document?

8     A.     Yes, I do.

9     Q.     I think we referenced component labeled

10     30 here during our earlier discussion.  Do you

11     remember that?

12     A.     Yes.

13     Q.     What is component 30 referring to?

14     A.     That's the second fuel source.

15     Q.     I think the patent notes that in this

16     embodiment the second fuel source can be an LPG

17     tank.

18                MR. FINCH:  Objection, form.

19     BY MR. STEMLER:

20     Q.     Do you recall that?

21     A.     Yes, I remember something like that.

22     I'm not sure that's the exact words that you

23     used, but maybe those were the exact words.

24     Q.     Are you familiar with LPG tanks --

25     A.     Yes.
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1     Q.     -- like the ones down here?

2     A.     LPG --

3     Q.     Sorry.

4                MR. FINCH:  Objection, form.

5                THE WITNESS:  I've got -- I have one

6     at my house.

7     BY MR. STEMLER:

8     Q.     Me too.  But like the one shown here?

9                MR. FINCH:  Objection, form.

10                THE WITNESS:  Similar to that.  I

11     don't have the dolly.  And then my pressure --

12     I don't have that whole pressure regulator

13     attachment at the top of mine.

14     BY MR. STEMLER:

15     Q.     I understand that these tanks are at

16     least partially full of liquid state LPG, is

17     that right?

18     A.     Well, not when they run out.  But yeah,

19     when you get them, they are usually filled with

20     a certain amount of pounds of LPG in the liquid

21     state, yes.

22     Q.     How high does that liquid -- how high is

23     the liquid state usually filled up to?

24                MR. FINCH:  Objection, form.

25     BY MR. STEMLER:
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1     Q.     Strike that.  How high is the liquid

2     state LPG usually filled up within the tank 30?

3     A.     I assume you mean it's sitting on the

4     ground, and it's settled to the bottom, and how

5     high up until we get to the transition from

6     liquid to gas.  That I don't know.  I mean,

7     I've picked them up.  When I first picked them

8     up and they're pretty full, it seems like it's

9     near the top.  It sloshes around, so there's

10     always some air in there.  And then, of course,

11     as it depletes over time, eventually it's all

12     the way at the bottom, it's all gone.  So it

13     has a variable position.

14     Q.     I'm going to pull up your declaration

15     once again, Exhibit 2133.  And I'm referring to

16     paragraph 133.  I have a section in your

17     declaration highlighted.  Could you please read

18     that section for me?

19     A.     Do you want me to read it into the

20     record or just to myself?

21     Q.     Yeah, into the record, please.

22     A.     Okay.  "For example, if an LPG tank was

23     used improperly such that LPG vapor exited the

24     LPG tank and was sent to the vaporizer, then

25     the vaporizer could not function properly to
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1     generate an appropriately-rich fluid flow into

2     the carburetor."

3     Q.     Thank you.  And you say the same thing

4     regarding Nakafushi's vaporizer at

5     paragraph 219, right?

6                MR. FINCH:  Objection, form.

7                THE WITNESS:  I think I say about

8     the same thing.  You've highlighted a little

9     bit more where I say, "In such a case, the

10     engine would die."

11     BY MR. STEMLER:

12     Q.     And these phrases, do you mean that the

13     vaporizer would not function properly if it

14     received any vapor, or that the vaporizer would

15     not function properly if it received only vapor

16     and no liquid?

17                MR. FINCH:  Objection, form.

18                THE WITNESS:  What I meant was that

19     if the vaporizer doesn't get liquid into it,

20     and you go through all the process that's in

21     the vaporizer, what will come out the exit of

22     the vaporizer is a very low energy gas.  It

23     won't have enough energy per unit volume to

24     drive the engine, an engine will die.  It's

25     like running -- if you were operating it
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1     properly and you ran out of gas, liquid gas,

2     the end part of that process would be little

3     bits of liquid gas and, you know, gaseous

4     substance going into the vaporizer, what comes

5     out of the other side is not enough to run the

6     engine, the engine dies.  Essentially I'm

7     describing the process of running out of gas,

8     and the vaporizer not being able to generate

9     enough energy per unit volume to run the

10     engine.

11     BY MR. STEMLER:

12     Q.     Did you perform any calculations on what

13     the required mass flow rate of LPG would be for

14     the Kubota engine to continue running?

15     A.     No.  There would be no way to do that

16     given the information in that manual; at least

17     I don't think so.

18     Q.     Did you perform any calculations on what

19     the required mass flow rate of LPG would be for

20     the Nakafushi engine to continue running?

21     A.     No.  I don't think we have the

22     information we need to do that calculation.

23     Q.     Did you perform any calculations

24     regarding the vaporization rate that the LPG

25     tank might be able to support for --
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1                MR. FINCH:  Objection, form.

2     BY MR. STEMLER:

3     Q.     -- [unintelligible] fuel?

4                THE COURT REPORTER:  Can I have a

5     full question?  Because the objection was in

6     the middle of there, so I didn't hear you,

7     Taylor.

8     BY MR. STEMLER:

9     Q.     Did you perform any calculations

10     regarding the vaporization rate that the tank

11     would be able to support for the LPG fuel?

12                MR. FINCH:  Objection, form.

13                THE WITNESS:  I'm uncertain about

14     which LPG tank that you're referring to, but I

15     didn't do that calculation for any such tanks.

16     BY MR. STEMLER:

17     Q.     Okay.  So not for the Kubota tank?

18                MR. FINCH:  Objection, form.

19                THE WITNESS:  Yes, I did not perform

20     a calculation like that for the Kubota tank.

21     BY MR. STEMLER:

22     Q.     And not for the Nakafushi tank?

23                MR. FINCH:  Objection, form.

24                THE WITNESS:  No, I didn't perform

25     that kind of calculation for the Nakafushi tank
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1     either.

2     BY MR. STEMLER:

3     Q.     Did you perform any calculations

4     regarding the volume of liquid that might be

5     available for vaporization in cases where the

6     LPG tank of Kubota is providing gaseous state

7     LPG?

8                MR. FINCH:  Objection, form, scope.

9                THE WITNESS:  I don't understand

10     that question.

11     BY MR. STEMLER:

12     Q.     You indicated above in paragraph 133

13     that if LPG vapor exited the LPG tank and was

14     sent to the vaporizer, then the vaporizer could

15     not function properly to generate an

16     appropriately-rich fluid flow into the

17     carburetor, is that right?

18     A.     Yes.  We read that sentence.  That is

19     correct.

20     Q.     Did you provide -- strike that.

21            Did you perform any calculations

22     regarding the volume of liquid that might be

23     available for vaporization to provide the LPG

24     vapor that might exit the LPG tank in this

25     scenario?
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1                MR. FINCH:  Objection, form, scope.

2                THE WITNESS:  I don't understand

3     that question.

4     BY MR. STEMLER:

5     Q.     In what cases would the LPG tank be used

6     improperly to provide LPG vapor exiting the

7     tank?

8                MR. FINCH:  Objection, form.

9                THE WITNESS:  Well, one case would

10     be if you took the LPG tank and basically

11     tipped it upside down, the exit would then be

12     at the top.  And at the top of the tank, as we

13     sort of talked about before, when you get these

14     cylinders, they're always at the top in the

15     sense of the gravity direction, there's going

16     to be vapor.  So if you dump this upside down

17     and you were drawing off LPG, you would be

18     drawing off the vapor, not the liquid.  And so

19     that would not be sending out enough energy to

20     the vaporizer.  The vaporizer functions

21     properly when it has liquid coming into it,

22     that's how it's designed, not when it has gas

23     coming into it.  It's then not a vaporizer.

24     It's just like passing through vapor to vapor.

25     Vaporizer needs to have liquid coming in, and
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1     then it goes through its internal structure,

2     and it creates vapor for its output.

3     BY MR. STEMLER:

4     Q.     Is it your opinion that the engine

5     described in the Workshop Manual has to be

6     functioning properly for it to anticipate the

7     claims of the '398 patent?

8                MR. FINCH:  Objection, form, scope.

9                THE WITNESS:  Well, I think it needs

10     to be described in such a detail so that a

11     person of ordinary skill in the art knows that

12     it could operate properly.  That is, it has to

13     be a -- you know, an enabling reference.

14     That's my understanding of it.

15     BY MR. STEMLER:

16     Q.     Did you consider whether -- if the

17     Kubota engine described in the Workshop Manual

18     were functioning but were not -- was not

19     properly functioning, whether that engine would

20     anticipate the '398 patent claims?

21                MR. FINCH:  Objection, form, scope.

22                THE WITNESS:  I don't think I

23     considered that question.  I considered Kubota

24     to be describing an engine that functioned.  So

25     I don't think -- to the extent you're asking
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1     analysis -- did I analyze it not functioning, I

2     didn't do a nonfunctioning analysis.

3     BY MR. STEMLER:

4     Q.     I'm asking about if it functioned but

5     did not function properly.

6                MR. FINCH:  Objection, form, scope.

7                THE WITNESS:  Yeah, I did not do an

8     investigation where I somehow broke Kubota in

9     some way so it wasn't functioning properly, and

10     then analyzed it under that state.  I analyzed

11     under the state described in the Workshop

12     Manual.

13     BY MR. STEMLER:

14     Q.     So you did not analyze a case where the

15     Kubota engine was functioning but functioning

16     improperly?

17                MR. FINCH:  Objection, form, scope,

18     asked and answered.

19                THE WITNESS:  Correct.  I did not

20     analyze Kubota in a not-functioning or

21     improperly-functioning state.  I just analyzed

22     it in the state that is described in the

23     manual.

24     BY MR. STEMLER:

25     Q.     You said that the engine would die --
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1     that the Kubota engine would die in cases where

2     the Kubota engine draws vapor LPG from

3     the -- strike that.

4            You said that the Kubota engine would

5     die in cases where LPG vaporizer was sent

6     to -- strike that.

7            You said that the Kubota engine would

8     die in cases where LPG vapor was sent to the

9     vaporizer, correct?

10     A.     Yes.

11     Q.     Would the engine die immediately?

12                MR. FINCH:  Objection, form.

13                THE WITNESS:  No.  It would -- it

14     has some momentum in it, right?  It's going

15     around and around.  So that momentum is going

16     to keep the engine operating for a little bit,

17     but it's not going to be able to explode enough

18     on each engine compression cycle to keep the

19     whole system going.  So it's going to, you

20     know, hiccup and burp and slow down and stop

21     working like you do when you run out of gas in

22     your car.

23     BY MR. STEMLER:

24     Q.     How long would the engine continue to

25     run between when LPG vapor is first sent to the
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1     vaporizer and between when the engine fully

2     dies?

3                MR. FINCH:  Objection, form,

4     incomplete hypothetical, scope.

5                THE WITNESS:  That kind of

6     information is not in the manual.

7     BY MR. STEMLER:

8     Q.     Turning back to paragraph 219 of your

9     declaration, discussion of the Nakafushi

10     reference.  Do you see this paragraph?

11     A.     Yes, I do.

12     Q.     You indicated here that if LPG vapor

13     exited the LPG tank and was sent to the

14     vaporizer, like the Kubota engine, the

15     Nakafushi engine would die, is that correct?

16                MR. FINCH:  Objection, form.

17                THE WITNESS:  I guess that's

18     generally what I wrote here.

19     BY MR. STEMLER:

20     Q.     Did you consider an instance where if

21     the Nakafushi engine was functioning but not

22     functioning properly, whether the Nakafushi

23     reference would anticipate the claims of the

24     '398 patent?

25                MR. FINCH:  Objection, scope,
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1     incomplete hypothetical.

2                THE WITNESS:  No, I did not consider

3     somehow changing Nakafushi so that it doesn't

4     operate properly.  I didn't do that kind of

5     analysis.

6     BY MR. STEMLER:

7     Q.     How long between when the LPG vapor is

8     first sent to the vaporizer in the Nakafushi

9     system -- strike that.

10            How long would it take for the Nakafushi

11     engine to die between when -- strike that.

12            How long would it take the Nakafushi

13     engine to die after the LPG vapor is first sent

14     to the vaporizer?

15                MR. FINCH:  Objection, form,

16     incomplete hypothetical.

17                THE WITNESS:  The document just

18     doesn't have that kind of information.  It

19     doesn't describe how it stops working when it

20     runs out of gas, when it runs out of liquid

21     LPG.

22     BY MR. STEMLER:

23     Q.     Would you expect there to be a period of

24     time between when LPG vapor is first sent to

25     the vaporizer and the engine dies?
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1     A.     Yes.  The engine --

2                MR. FINCH:  Objection, form.

3                THE WITNESS:  Yes.  The engine

4     cannot stop immediately.  It's got momentum.

5     It's rotating.  So when it stops getting enough

6     energy to run, it just goes through the process

7     of running out of gas and, you know, comes to a

8     stop eventually because there's just not --

9     it's not getting enough energy to keep turning,

10     but nobody knows -- or this document doesn't

11     give us any information to indicate how long

12     that running-out-of-gas process would take.

13     BY MR. STEMLER:

14     Q.     Would the engine continue to combust LPG

15     as LPG vapor is provided to the vaporizer?

16                MR. FINCH:  Objection, form, scope.

17                THE WITNESS:  As long as the engine

18     is turning, the spark plugs should be lighting

19     up each time around.  And so if there's any --

20     whatever little bit of residual LPG gas is in

21     the cylinders there, it should -- it should

22     burn at least some of it.  Again, there may not

23     be enough density to actually cause an

24     explosion.  So it may just end up coming out of

25     the exhaust without being burned because there

Page 101

Veritext Legal Solutions
www.veritext.com 888-391-3376



1     wasn't enough of it to cause a reaction.

2     BY MR. STEMLER:

3     Q.     Did you perform that analysis in writing

4     this declaration?

5                MR. FINCH:  Objection, form, scope.

6                THE WITNESS:  No.  I -- I and people

7     of ordinary skill in the art understand the

8     running-out-of-gas process well enough not

9     to -- not to need to do an analysis for that.

10     BY MR. STEMLER:

11     Q.     Could I generate an appropriately-rich

12     fluid flow of LPG into the carburetor by

13     increasing the diameter of the portion of the

14     LPG line between the LPG tank and the

15     vaporizer?

16                MR. FINCH:  Objection, form, scope,

17     incomplete hypothetical.

18                THE WITNESS:  Yeah, the -- I don't

19     understand the question.  There seems to be

20     something missing in the question.  Under what

21     conditions are we running this whole thing?  I

22     didn't -- I don't understand that.

23     BY MR. STEMLER:

24     Q.     Sorry.  I guess I'm --

25     A.     [Unintelligible] enlarge the exit pipe,
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1     but there's a lot of other stuff going on.  I'm

2     not sure exactly what we're talking about.

3     Q.     I'm referring to the conditions

4     described here in paragraph 219 where an LPG

5     cylinder was used improperly such that LPG

6     vapor exited the LPG tank and was sent to the

7     vaporizer.  If I were to increase the diameter

8     of the fuel line between the vaporizer and the

9     LPG tank, could I then have an

10     appropriately-rich fluid flow of LPG into the

11     carburetor?

12                MR. FINCH:  Objection, form, scope.

13                THE WITNESS:  I don't think so.

14     That doesn't -- that doesn't have anything to

15     do with it.  It has to do with the fact that

16     not enough energy per unit time is getting into

17     the vaporizer.  The problem is the input to the

18     vaporizer, not the output.

19     BY MR. STEMLER:

20     Q.     Yeah.  And wouldn't the input to the

21     vaporizer be the conduit between the LPG tank

22     and the vaporizer?

23                MR. FINCH:  Objection, form, scope.

24                THE WITNESS:  I don't recognize that

25     as a question.  Something's missing there.
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1     BY MR. STEMLER:

2     Q.     If I increased the diameter of the

3     conduit between the LPG tank and the vaporizer,

4     when LPG vapor exited the LPG tank, could I

5     then generate an appropriately-rich fluid flow

6     into the carburetor?

7     A.     No.  Because --

8                MR. FINCH:  Objection, form, scope,

9     incomplete hypothetical.

10                THE WITNESS:  No.  Because the

11     vaporizer is designed to match its input lines

12     and its output lines.  So that's how this

13     works.  That vaporizer is designed to take

14     liquid in and to emit vapor.  If it doesn't

15     have liquid in, it's not going to be designed

16     appropriately.

17     BY MR. STEMLER:

18     Q.     Do you know what the typical pressure is

19     in an LPG tank?

20                MR. FINCH:  Objection, form, scope.

21                THE WITNESS:  I'm not -- I don't

22     think there is a typical one.  I think that it

23     can vary.

24     BY MR. STEMLER:

25     Q.     How about, like, a gas grill LPG tank?
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1                MR. FINCH:  Objection, form, scope.

2                THE WITNESS:  Again, the LPG tank

3     for, like, a barbecue grill, that's going to

4     come with a certain pressure, and I knew that

5     value at some point in my life, I can look it

6     up, but it actually decreases over time.  As

7     you get near the bottom, there's less and less

8     pressure there.  So I don't know the exact

9     values.  I mean, they're easy to look up and

10     find out what they are.

11     BY MR. STEMLER:

12     Q.     Okay.  Could you look one of those

13     values up?

14     A.     Like, right now?

15                MR. FINCH:  Objection, form, scope.

16     BY MR. STEMLER:

17     Q.     Yep.

18     A.     Okay.  Let me open a web browser here.

19     Q.     And if you could share your screen,

20     Dr. Singhose, that would be great.

21     A.     All I did was do a Google search.  Okay.

22     Let me share my screen.  "Someone else is

23     sharing.  Send request."

24     Q.     That's me.  Sorry.

25     A.     Okay.  Okay.  It seems to be sharing.
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1     And the AI Overview provided by Google says

2     that, "The internal pressure of a liquified

3     petroleum gas (LPG/propane) tank typically

4     ranges from 100 to 200 psi."

5     Q.     Does that seem accurate to you?

6                MR. FINCH:  Objection, form, scope.

7                THE WITNESS:  Yes, that seems pretty

8     reasonable to me.

9     BY MR. STEMLER:

10     Q.     Okay.  If I hooked up an LPG -- you can

11     go ahead and stop sharing, Dr. Singhose.

12     A.     Okay.

13     Q.     Thank you.

14     A.     Just a second here.

15     Q.     If I were to hook up an LPG tank with a

16     much lower pressure than that to the

17     configuration described in the '398 patent, do

18     you expect that would affect the ability of the

19     regulator to deliver the correct amount of

20     fuel?

21                MR. FINCH:  Objection, form, scope,

22     incomplete hypothetical.

23                THE WITNESS:  No.  It really depends

24     on what the output pressure of the regulator is

25     set to.  So if we start at 200 psi, and the
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1     regulator is set to exit 10 psi -- to emit

2     10 psi, then if we could drop it down to 150,

3     one hundred fifty, you could go all the way

4     down to, like, 20 or 15, and you would still

5     have the 10 psi coming out that we need to run

6     the generator.

7     BY MR. STEMLER:

8     Q.     Would anything over 10 psi be

9     appropriate?

10                MR. FINCH:  Objection, form, scope,

11     incomplete hypothetical.

12                THE WITNESS:  Again, that 10 psi I'm

13     just using as a number of what that pressure

14     regulator might be set to.  Basically, you

15     would just need to be incrementally above that

16     pressure in the tank.

17     BY MR. STEMLER:

18     Q.     How much is "incrementally above"?

19                MR. FINCH:  Objection, form.

20                THE WITNESS:  I couldn't answer that

21     question precisely.  It depends on the

22     regulator.  But generally regulators are

23     designed, you know, pretty well.  And so if

24     there's 10 psi coming out, you only need a

25     little more of that to essentially open the
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1     flow and let it come out at 10, but you'll need

2     just a little bit more.

3     BY MR. STEMLER:

4     Q.     Okay.  How about if my tank was filled

5     with a psi of much greater than a hundred or

6     200 psi, would you expect that to impact the

7     ability of the regulator to deliver the correct

8     amount of fuel?

9                MR. FINCH:  Objection, form, scope,

10     incomplete hypothetical.

11                THE WITNESS:  Well, you used the

12     term "much greater."  A little bit greater

13     would be totally fine.  Much, much greater,

14     essentially you have too much pressure and

15     you're going to break your connectors.  And the

16     internal structure of the regulator can be

17     damaged if you hooked it up to really, really

18     high pressure.

19     Q.     I'm going to share another document.  So

20     I am introducing Exhibit 1039, which is the

21     Sugimoto publication.  Do you happen to have a

22     copy of that one with you, Dr. Singhose?

23     A.     Yes, I do.  I'll get it out in front of

24     me just so it's easier to see.

25     Q.     Okay.
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1     A.     I have a hard copy in front of me here.

2     Q.     Okay.  I'd like to scroll down to

3     Figure 1.  I guess, first, have you seen this

4     document before, Dr. Singhose?

5     A.     You know, I have seen it.  I did not

6     study it all that carefully or all the way

7     through really.  I looked at certain parts of

8     it.

9     Q.     Okay.  Can you tell me what this

10     component 62 is referring to in Figure 1?

11     A.     (Views document.)  Paragraph 78 of this

12     Sugimoto application states, "The fuel pressure

13     regulator 62."  So given that, I think it's the

14     fuel pressure regulator.

15     Q.     Okay.  Do you see component 61?

16     A.     Yes, over on the right side.

17     Q.     Can you tell me what that is?

18     A.     Well, it seems to be two things.  And in

19     paragraph 72, this application states, "The

20     fuel bottles 61."  So there are fuel bottles.

21     Q.     Can you tell me what the phase of the

22     fuel inside those fuel bottles is?

23     A.     Well, again, as we talked about

24     before -- I mean, any time you have sort of

25     bottles of fuel, you're going to have some
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1     vapor.  And this has some liquid in it.  I

2     think the liquid lines are sort of shown there

3     schematically.  So it's supposed to be -- I

4     mean, what they're using, I think, is liquid

5     gas, but there's certainly vapor at the top

6     portions of these bottles.

7     Q.     Can you tell whether they're drawing

8     liquid or vapor from fuel bottles 61?

9     A.     Schematically from that figure it looks

10     like they're drawing liquid because essentially

11     they have what appear to be, like, straw

12     structures going to the bottom of it, but to

13     verify that, I'd probably have to look up in

14     the application how that function is actually

15     described, but schematically it looks like

16     they're essentially sucking liquid off the

17     bottom of those tanks.

18     Q.     Okay.  Do you want to go ahead and

19     review the application and confirm that?

20     A.     Okay.

21     Q.     And maybe just to save us a little bit

22     of time I'll give you a hint to look to

23     paragraph 78.

24     A.     Okay.  (Views document.)  Okay.  Good

25     hint.  If you could reask your question.
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1     Q.     Could you describe to me whether the

2     fuel bottles 61 are providing liquid state fuel

3     or gaseous state fuel?

4                MR. FINCH:  Objection, form, scope.

5                THE WITNESS:  Well, I'll -- I think

6     I'll just read the important part of paragraph

7     of 78, it says, "The fuel bottles 61 supplies

8     the first fuel gas in liquid phase to the fuel

9     pressure regulator 62."  So that portion of

10     this device is using liquid fuel.

11     BY MR. STEMLER:

12     Q.     And the liquid fuel is going into the

13     pressure regulator 62?

14     A.     Yes, that's how it's described.

15     Q.     Okay.  What phase would you understand

16     the fuel that is supplied by the fuel bottles

17     61 to be as it exits the fuel bottles 61?

18                MR. FINCH:  Objection, form.

19                THE WITNESS:  Well, as we just read,

20     the patent application describes that fuel

21     leaving in the liquid phase because it's

22     showing up at the regulator in liquid phase, so

23     it has to be leaving in liquid phase as well,

24     has to be leaving the bottles in liquid phase

25     to get to the regulator in liquid phase.
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1     BY MR. STEMLER:

2     Q.     So would it be your opinion that in that

3     section of fuel line labeled A1, that fuel

4     would be in liquid phase as well?

5                MR. FINCH:  Objection, form, scope.

6                THE WITNESS:  Yes.  That A1 seems to

7     be the only path going from those bottles 61

8     making its way to 62.  So from what I

9     understand looking at this figure and what we

10     just read, that that would be liquid in that

11     line.

12     BY MR. STEMLER:

13     Q.     How about when it goes through component

14     12?

15                MR. FINCH:  Objection, form.

16                THE WITNESS:  Well, I know that 12

17     is the fuel system selector valve, but I need

18     to read up about fuel selector valve 12 to see

19     how it's described as operating.  So if you

20     have any helpful hints on where that is

21     located, I will accept those hints at this

22     time.

23     BY MR. STEMLER:

24     Q.     71, paragraph 71 includes details about

25     the selector valve, as does paragraph 79.
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1     A.     (Views document.)  Okay.  So I read

2     paragraph 71, and it wasn't that clear, so I

3     read other descriptions of this selector valve

4     12.  It's actually called sort of different

5     names sometimes, selector valve 12 and also

6     fuel cut-off valve 12.  So why don't we try

7     hearing the question again so I can answer it.

8     Q.     Yeah.  What would the state of the fuel

9     that is drawn from bottles 61 be as it passes

10     through component 12?

11                MR. FINCH:  Objection, form, scope.

12                THE WITNESS:  We don't know that.  I

13     know that it's teaching that when it gets to

14     it, it's liquid, but it doesn't say exactly how

15     the internal function of 12 is working.  So I

16     don't think it teaches exactly what's going on

17     in 12.  So the whole passing through part, I

18     don't think we know that from what I was able

19     to read about in this period of time.

20     BY MR. STEMLER:

21     Q.     What would the state of the fuel

22     supplied by bottles 61 be as it goes through

23     line segment A2?

24                MR. FINCH:  Objection, form, scope.

25                THE WITNESS:  Again, that we don't
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1     know for certain because we don't know what 12

2     did to it.  Did it open in such a way to keep

3     it in liquid form, or did it open with really

4     small orifices and essentially spit out

5     droplets that are vapor?  I couldn't find that

6     description in the amount of time I studied it

7     here.

8     BY MR. STEMLER:

9     Q.     Can you go back to paragraph 78?

10     A.     Okay.

11     Q.     And read that first sentence to yourself

12     again.

13     A.     (Views document.)  Okay.

14     Q.     Are you still unable to tell me what

15     state the fuel supplied from the fuel bottles

16     61 would be as it passes through the line

17     segment A2 shown here?

18                MR. FINCH:  Objection, form, scope,

19     misstates prior testimony.

20                THE WITNESS:  Well, we know that

21     that's telling us it supplies the first fuel in

22     liquid phase to the fuel pressure regulator 62,

23     but it's not totally clear whether that stays

24     in liquid phase all the way to 62, but it's

25     definitely supplying it, but it's coming out of
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1     those tanks in liquid phase and certainly

2     passing through that first segment that's

3     labeled A1, but I don't know what happens in

4     12.  Whether it converts it into a gaseous

5     phase as it opens and closes, I don't know

6     that.

7     Q.     Could you envision a scenario where

8     valve 12 did not convert the fuel from liquid

9     to gaseous phase?

10                MR. FINCH:  Objection, form, scope,

11     incomplete hypothetical.

12                THE WITNESS:  It's hard for me to

13     envision that because there's gas coming in in

14     the gaseous phase from tank 71.  So it's coming

15     into 12 is -- one line is liquid and one line

16     is gaseous.  And it only has one output line,

17     which is A2 that I see here.  And that A2 is

18     going to a pressure regulator.  And the

19     pressure regulator is described as, you know,

20     regulating the gas pressure.  So that pressure

21     regulator would have to be able to take both

22     liquid in and gas in through at the same point,

23     and then output a desired pressure of a gas.

24     That seems like a very challenging mechanism to

25     make.  And, again, I didn't see that teaching
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1     anything that was able to do that.  That's why

2     I just don't know what happens in 12, but it

3     seems likely that 12 would be structured in

4     such a way that it would emit small droplets or

5     a vaporized form of the liquid going into it,

6     but I haven't seen a teaching clearly of what's

7     going on in 12.

8     BY MR. STEMLER:

9     Q.     So you think 12 might be a vaporizer?

10                MR. FINCH:  Objection, form, scope,

11     misstates prior testimony.

12                THE WITNESS:  Yeah, I just don't

13     know what it is.  It's not exactly a vaporizer

14     because it's actually able to pass through it.

15     Like, there's vapor or there's gas -- let's put

16     it this way.  There's gas coming into the right

17     side in A4 and passing through and coming out

18     in A2.  So that's not a vaporizer, but there

19     may be some part of it that's acting somewhat

20     like a vaporizer in that it's -- it does have

21     liquid coming into it -- into the top part of

22     it through A1.  And what exactly is coming out

23     at A2 when the A1 flow is enabled, I just don't

24     know at this point.

25     BY MR. STEMLER:
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1     Q.     So what I'm hearing is that there's some

2     component between bottles 61 and regulator 62

3     that you believe to be vaporizing the fluid

4     from the fluid bottles 61 before it reaches the

5     regulator 62?

6                MR. FINCH:  Objection, form, scope,

7     misstates prior testimony.

8                THE WITNESS:  Yeah.  I'm just not

9     sure how that gets converted from liquid to

10     gas.  We know it's ultimately converted to a

11     gaseous state, but whether that conversion is

12     done in 12 or possibly in 62, I just don't

13     think that this application is teaching me

14     that, or at least I haven't read those parts.

15     But I just don't know at this point whether 12

16     or 62 is providing the conversion, or maybe

17     it's a combination.  I just don't know.

18     BY MR. STEMLER:

19     Q.     Can you read the last sentence in

20     paragraph 78 for me?

21     A.     (Views document.)  Okay.  I've read it.

22     Q.     Does that change your opinion?

23     A.     I think that provides some

24     clarification.  It says, "The fuel pressure

25     regulator 62 functions as a vaporizer for
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1     vaporizing the first gas supplied thereto in

2     liquid phase."  So some part of 62 is acting

3     like a vaporizer.

4     Q.     Do you have an understanding now as to

5     whether the fuel provided by bottles 61 would

6     be liquid or gas state when passing through

7     valve 12?

8                MR. FINCH:  Objection, form, scope.

9                THE WITNESS:  Yes.  This portion

10     appears to be describing that there is a path.

11     And when I combine this, what we just read,

12     with the picture in Figure 1, it does teach

13     that that gas -- that fuel is being passed

14     through in a liquid state through 12 somehow to

15     62 and is arriving in 62 in its liquid phase.

16     BY MR. STEMLER:

17     Q.     After the first fuel, gas leaves the

18     regulator 62, would you understand it to remain

19     in the gaseous phase?

20                MR. FINCH:  Objection, form, scope.

21                THE WITNESS:  Yes.  I believe that

22     what we just read says that it leaves 62 in a

23     gaseous state because it's been vaporized.  And

24     then the diagram shows it going to 63, which is

25     essentially a cut-off valve, and that can open
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1     and close the fuel.  And then it appears to

2     leave that and go up into a venturi, which goes

3     up into the engine.  So I don't see any

4     structure there that somehow compresses it back

5     into a liquid form.  I believe it's gaseous

6     form.

7     BY MR. STEMLER:

8     Q.     Okay.  You mentioned that you think fuel

9     drawn from 71 is drawn in a gaseous phase,

10     correct?

11                MR. FINCH:  Objection, form, scope.

12                THE WITNESS:  Yes.  We read -- some

13     part of this application indicated that

14     certainly in some embodiment that's being

15     pulled off in a gaseous state.

16     BY MR. STEMLER:

17     Q.     Okay.  Would you understand that fuel to

18     remain in the gaseous state as it passes

19     through fuel line A5?

20                MR. FINCH:  Objection, form, scope.

21                THE WITNESS:  Well, the only thing

22     it's going through is 72.  So let me quickly

23     check what 72 is.

24                MR. FINCH:  Taylor, while he's

25     looking at that, we've been going about an
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1     hour, 15.  So whenever you get to a good

2     breakpoint.

3                MR. STEMLER:  All right.  Thanks.

4                THE WITNESS:  So I found in

5     paragraph 73 that it's teaching that 72 is a

6     pressure-reducing device.  So I don't think

7     that -- that would not convert it back to a

8     liquid if it comes off there in a gas.  It's

9     just going to be a gas at a lower pressure.

10     BY MR. STEMLER:

11     Q.     Okay.  And so would it be in a gas as it

12     passes through segment A5?

13                MR. FINCH:  Objection, form, scope.

14                THE WITNESS:  Yes, that's my

15     understanding, is that it would leave as a gas,

16     go through a pressure reducer and still be a

17     gas at A5.

18     BY MR. STEMLER:

19     Q.     Okay.  And then also when it goes

20     through pipe connector 14?

21                MR. FINCH:  Objection, form, scope.

22                THE WITNESS:  Pipe connector?  I

23     mean, yeah, 14 is a connector.  So a connector

24     generally wouldn't change it from gas to

25     liquid.  It's going to pass through that as a
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1     gas.

2     BY MR. STEMLER:

3     Q.     And then it would remain gas as it goes

4     through section A4?

5                MR. FINCH:  Objection, form, scope.

6                THE WITNESS:  Yes, that's my

7     understanding how this embodiment would work.

8     BY MR. STEMLER:

9     Q.     And would it remain gas as it goes

10     through valve 12?

11                MR. FINCH:  Objection, form, scope.

12                THE WITNESS:  You know, I haven't

13     read everything that 12 does.  As I told you, I

14     don't really know all that 12 does, but I

15     haven't -- see no indication that it's somehow

16     able to amplify the pressure and squeeze that

17     down to a liquid.  So from what I've read so

18     far today and looking at this diagram, it seems

19     like it would pass through there in a gas

20     state.

21     BY MR. STEMLER:

22     Q.     And same with as it goes through line

23     segment A2?

24                MR. FINCH:  Objection, form, scope.

25                THE WITNESS:  Yeah.  I'd want to
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1     read up about A2, because it appears that A2 is

2     [unintelligible] liquid and a gas.

3                THE COURT REPORTER:  I'm sorry.  Can

4     you say that again?

5                THE WITNESS:  Yes.  I think A2 does

6     carry some gas, but I'd probably want to read

7     up about if A2 is actually one line or two

8     lines, because it's passing both liquid from

9     the tank 61 -- or it's passing, you know, a

10     fuel and liquid phase, and then it's also being

11     described as passing the fuel from 71 in a

12     gaseous state.  So I'd like to read up on A2

13     and see if it's not actually two different

14     lines physically and just being represented as

15     one in this schematic diagram.

16     BY MR. STEMLER:

17     Q.     Okay.  I have the electronic version of

18     this document up.  I can send it to you as well

19     if that'd be helpful.

20     A.     Okay.

21     Q.     But running a controlled find for A2

22     leads me to only two instances in paragraph 79

23     where that reference numeral was used.  I

24     recognize we're now probably overdue for a

25     break, so maybe we can take that ten-minute

Page 122

Veritext Legal Solutions
www.veritext.com 888-391-3376



1     break.  Perhaps you can read that paragraph

2     during the break if you have some extra time,

3     Dr. Singhose, and we can pick up where we left

4     off here.

5     A.     Okay.  Sounds good.

6     Q.     Okay.

7                THE VIDEOGRAPHER:  We are going off

8     the record.

9                Time now is 1:45.

10                (Off the record 1:45 to 1:55.)

11                THE VIDEOGRAPHER:  We are back on

12     the record.  This is the start of Media

13     Number 4.

14                The time is 1:55.

15     BY MR. STEMLER:

16     Q.     Dr. Singhose, did you have a moment to

17     review paragraph 79 when we were on our break?

18     A.     Oh, yes, I did.

19     Q.     After reviewing paragraph 79, do you

20     have an opinion on whether the fuel provided by

21     fuel bottles 61 would be gas or liquid in that

22     section of the fuel line A2?

23                MR. FINCH:  Objection, form, scope.

24                THE WITNESS:  I think we discussed

25     that before.  I think that that teaching before
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1     the break indicates that it would arrive in a

2     liquid state.

3     BY MR. STEMLER:

4     Q.     And the fuel provided by container 71

5     would be gaseous state as it passes through

6     section A2?

7                MR. FINCH:  Objection, form, scope.

8                THE WITNESS:  Yes.  I don't -- I

9     think it has to be gas, gaseous.

10     BY MR. STEMLER:

11     Q.     Okay.  Would you consider line segment

12     A2 to be a gaseous fuel line?

13                MR. FINCH:  Objection, form, scope.

14                THE WITNESS:  Yeah, I'm not sure

15     that that terminology, "gaseous fuel line," as

16     we're using it in these patents applies here.

17     It seems to be a somewhat unusual structure

18     that's either two different pipes clumped

19     together, or a pipe that is passing both liquid

20     and gaseous fuel.  So I'm not sure I would

21     describe it using the terminology of the patent

22     because it doesn't seem to match up with the

23     terminology in the patent.

24     BY MR. STEMLER:

25     Q.     Does paragraph 79 describe A2 as being
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1     two pipes clumped together?

2                MR. FINCH:  Objection, form, scope.

3                THE WITNESS:  No.  It simply

4     describes it as a pipe that's apparently

5     passing both liquid and gas.  So whether that's

6     one pipe or two side-by-side pipes, I don't

7     know.

8     BY MR. STEMLER:

9     Q.     Would you typically call two

10     side-by-side pipes a pipe?

11                MR. FINCH:  Objection, scope.

12                THE WITNESS:  I certainly would do

13     that if I was a Japanese inventor, which

14     Sugimoto is.

15     BY MR. STEMLER:

16     Q.     Are you a Japanese inventor?

17                MR. FINCH:  Objection, scope.

18                THE WITNESS:  No.  But I've worked

19     with many Japanese inventors, and I have

20     publications in Japanese, and so I have a very

21     good understanding of how a Japanese engineer

22     would characterize two pipes, they would call

23     it a pipe.

24     BY MR. STEMLER:

25     Q.     But there's nothing in Sugimoto itself
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1     that describes the pipe as being two pipes?

2                MR. FINCH:  Objection, form.

3                THE WITNESS:  Right.  The text just

4     refers to it as a pipe, but it talks about it

5     in two different sections of that paragraph and

6     describes it as doing two different functions,

7     that is, passing a liquid, and then also

8     passing a gas, gaseous state fuel.

9     BY MR. STEMLER:

10     Q.     Okay.  I'd like to just switch gears and

11     turn to the Kubota reference next.

12     A.     Do you have an exhibit number for that?

13     Q.     Sorry.  I'm just trying to introduce it

14     now.  It's EX 1012.  I'm pulling a copy of that

15     up now.

16     A.     Okay.  I have that.

17     Q.     All right.  I'm looking at paragraphs

18     185 and 186 of your declaration, which is

19     Exhibit 2133, that discusses the Kubota

20     Workshop Manual.

21     A.     Okay.

22     Q.     Let me know when you're there.

23     A.     Yes, I'm there.

24     Q.     Specifically you mention in

25     paragraph 185, "The Workshop Manual does
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1     'utilize a battery or other source of power for

2     starting.'"  I'd like to ask you about the

3     Kubota battery.

4     A.     Okay.

5     Q.     Do you know what the battery of Kubota

6     does?

7                MR. FINCH:  Objection, form.

8                THE WITNESS:  Generally, yes.

9     BY MR. STEMLER:

10     Q.     Generally, what does it do?

11     A.     It supplies electrical energy.

12     Q.     What does it supply electrical energy

13     to?

14     A.     Well, there's a number of, if you will,

15     like, circuit diagrams in here, and so I think

16     we'd have to go through all of those to answer

17     that question fully, but [unintelligible] --

18     Q.     [Unintelligible] --

19     A.     -- provides power to the parts of

20     Kubota's engine that need electricity to

21     function.

22     Q.     Might there be instances where the

23     Kubota battery dies?

24                MR. FINCH:  Objection, form,

25     incomplete hypothetical.
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1                THE WITNESS:  Yeah.  I mean, any

2     battery can die or run out.  I don't recall a

3     section of Kubota describing that situation,

4     though.  But if there is one, you could just

5     direct me to it.

6     BY MR. STEMLER:

7     Q.     No, I'm not referring to any particular

8     section.  Would you understand the Kubota

9     engine -- strike that.

10            Would you understand the Kubota battery

11     to be able to provide electricity to the parts

12     of the Kubota engine that need electricity to

13     function when it is dead?

14                MR. FINCH:  Objection, form,

15     incomplete hypothetical.

16                THE WITNESS:  No.  I think if a

17     battery is dead, that means it's -- it doesn't

18     have electrical energy stored in it, so it's --

19     there's no way for it to provide electrical

20     energy.  It's not stored in there anymore.

21     BY MR. STEMLER:

22     Q.     What might cause a battery to die?

23                MR. FINCH:  Objection, form.

24                THE WITNESS:  Well, it could be

25     damaged.  It could leak out its liquid if it's
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1     a -- if it uses liquid, which it probably does.

2     There could be corrosion on the terminals that

3     are attaching the battery to the electrical

4     system.  There could be, like I said, a crack

5     in the wall and leak.  There could be just a

6     loss of the acid.  There could be a loss of the

7     necessary chemicals in there over time, like,

8     they could evaporate off.

9     BY MR. STEMLER:

10     Q.     Might some of those conditions occur if

11     the battery is not used for a long period of

12     time?

13                MR. FINCH:  Objection, form,

14     incomplete hypothetical.

15                THE WITNESS:  Yes.  Batteries, if

16     they just sit there and are not charged, they

17     can trickle out their energy and go dead.

18     BY MR. STEMLER:

19     Q.     I'm sharing a portion of your

20     declaration.  This is from paragraph 187.  It's

21     an annotated figure.  Do you see what I'm

22     showing you?

23     A.     Yes.

24     Q.     You discussed in your declaration the

25     possibility or the impossibility of switching
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1     the normally closed gas line cut-off solenoid

2     valve with a normally open gasoline cut-off

3     solenoid valve.  Do you recall that?

4                MR. FINCH:  Objection, form,

5     misstates prior testimony.

6                THE WITNESS:  I don't recall saying

7     it was impossible.  I was saying what's not

8     disclosed or taught or explained, I think, is

9     my opinion on that issue.

10     BY MR. STEMLER:

11     Q.     Okay.  If I were to replace the normally

12     closed gasoline cut-off solenoid shown here in

13     this figure as component 6 with a normally open

14     solenoid valve, do you have any understanding

15     of how I might rewire the circuitry so that

16     only one fuel is delivered at a time?

17                MR. FINCH:  Objection, form,

18     incomplete hypothetical, scope.

19                THE WITNESS:  I mean, I have some

20     idea.  I think if I studied it and worked on

21     this, I could -- seems like I could figure out

22     a way to do it, but I didn't do that.  I didn't

23     figure it all out.  Basically, I read that, you

24     know, there was a claim that it could be

25     rewired.  And my opinion is -- I don't see off
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1     the top of my head or it's not obvious how it

2     would be rewired.  Please explain that to me

3     essentially was my opinion on that.

4     BY MR. STEMLER:

5     Q.     Sure.  So, like, looking at the circuit

6     diagram on the left-hand side of this page, if

7     I were to replace the normally closed solenoid

8     valve shown there with reference numeral 6 with

9     a normally open solenoid valve and change

10     nothing else and wanted to make sure that only

11     one fuel was delivered at a time, you would not

12     be able to tell me now how I might rewire this

13     diagram to accomplish that?

14                MR. FINCH:  Objection, form,

15     misstates prior testimony.

16                THE WITNESS:  I don't think just

17     rewiring it makes it work.  I think that you

18     would need to add some more components.

19     Because as I'm understanding it, the -- if it's

20     normally open, it's -- all that gasoline is

21     going to just leak out.  And then when you

22     start up the use of the LPG and you open it,

23     there's going to be a lot of gas left in the

24     float bowl there, as I understand it.  And so

25     the -- if that's open, then the gas is going to
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1     be -- the gasoline -- this is a little bit

2     challenging here.  I'll try to be clear.  The

3     gasoline will be flowing out at the same time

4     as the LPG is flowing.  So I don't think it's

5     just rewiring.  I think you have to rewire and

6     add some other mechanical components to get

7     that to work.

8     BY MR. STEMLER:

9     Q.     Do you understand how the rewiring would

10     be accomplished?

11                MR. FINCH:  Objection, form.

12                THE WITNESS:  My understanding is

13     the rewiring hasn't been explained to me, and I

14     didn't do the investigation to figure that out,

15     but I don't think it's just rewiring, I guess,

16     is my answer.  I don't -- rewiring wasn't

17     explained to me.  And I think it's more than

18     just rewiring is required.  So I just didn't go

19     and do that investigation about how we could

20     change all this stuff around to get a normally

21     open gasoline cut-off solenoid.  I just didn't

22     do that design exercise.

23     BY MR. STEMLER:

24     Q.     Could you do that design exercise right

25     now?
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1     A.     I just don't think so.  I think it's not

2     simple.  It's not obvious.  How about that?

3     Q.     So ignoring this issue of the gasoline

4     leaking out that you say might occur, you're

5     unable to tell me, sitting here today, how I

6     might rewire this circuit if I were to replace

7     the normally closed valve 6 with a normally

8     open valve?

9                MR. FINCH:  Objection, form,

10     misstates prior testimony.

11                THE WITNESS:  Yeah, I'm not --

12     looking at this diagram, I'm not seeing how I

13     would do that.  I think that I possibly could

14     do it, but I didn't do it.  And sitting here, I

15     don't see an obvious way of doing that and

16     getting [unintelligible] --

17     BY MR. STEMLER:

18     Q.     How could -- how could you possibly do

19     it?

20     A.     Well, I mean, I think I'd have to

21     conduct an engineering, you know, exercise

22     here.  I'd have to -- I'd have to take out the

23     normally closed solenoid and replace it with a

24     normally open one, and then go through and

25     figure out all the other stuff I have to change

Page 133

Veritext Legal Solutions
www.veritext.com 888-391-3376



1     to make that work, to make it not leak, and

2     then also to get only one fuel to flow at the

3     same time.  And so there's other design

4     changes, I think, will have to occur if I

5     change that solenoid state from normally closed

6     to normally open.

7     Q.     But ignoring those other changes, you're

8     not able to tell me how you would rewire it?

9     A.     That -- yeah, that's what I'm saying.

10     Without doing those other ones, I don't know

11     what else I need to do.  It may very be likely

12     that I have to add another solenoid somewhere

13     else in the system to cut it off, and so that

14     would affect the wiring.  So the wiring flows

15     from the other design choices that I have to do

16     to get this to work.

17     Q.     It sounds like the other issues that

18     you're describing are primarily associated with

19     this problem you're suggesting would occur with

20     fuel leaking from the float bowl.  Ignoring

21     that issue, you can't tell me how you would

22     rewire this?

23                MR. FINCH:  Objection, form, calls

24     for speculation, incomplete hypothetical,

25     misstates prior testimony.
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1                THE WITNESS:  Well, that's -- that's

2     not the only change.  I think we have to make a

3     change to this physical structure so that we

4     stop the remaining gasoline that's in the float

5     bowl from being pulled out when we open up the

6     LPG so -- and let it start flowing.  It looks

7     to me like we would have both fuels -- both

8     types of fuels flowing at the same time without

9     adding some additional structure or additional

10     valves to stop that from happening.  So I don't

11     know how to rewire it until we figure out the

12     mechanical problem of leaking and, like, fuel

13     crossover, the use of two fuels at the same

14     time, which is really what this technology is

15     trying to prevent.

16     BY MR. STEMLER:

17     Q.     Okay.  In paragraph 112 of your

18     declaration you address claim construction,

19     right?

20     A.     Yes.

21     Q.     Can you read the last sentence of

22     paragraph 112 to me?

23     A.     Yes.  "In all cases, I have applied the

24     ordinary and customary meaning of claim terms,

25     as understood by a POSITA, in my analysis
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1     provided herein."

2     Q.     In order to apply the ordinary and

3     customary meaning of the claim terms, did you

4     form an opinion on what the ordinary and

5     customary meaning of each claim term is?

6                MR. FINCH:  Objection, form, calls

7     for a legal conclusion.

8                THE WITNESS:  I mean, I don't think

9     I was that specific about looking at every word

10     or group of words and doing that analysis.  But

11     yes, I read these claims in light of a person

12     of ordinary skill in the art at the time of the

13     invention actually, and I used my understanding

14     of what that would be, but I didn't write down

15     on paper, if you will, a converted meaning or

16     trying to put it -- I didn't try to put those

17     terms in some other terms.  So I think that's

18     very problematic, actually.  Whenever you

19     attempt to take a phrase from a patent claim or

20     rewrite it, you're almost always going to

21     narrow it and not capture the full scope of

22     that, so I didn't -- I didn't write down

23     alternative definitions.

24     BY MR. STEMLER:

25     Q.     Do you think it's problematic -- strike
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1     that.

2            I'd like to turn to page 105 of your

3     declaration.

4     A.     Okay.

5     Q.     And this is addressing the Holzapfel

6     reference.

7     A.     I'm sorry.  You said page 105?

8     Q.     Yeah.  Sorry.

9     A.     I went to paragraph 105.  Sorry.  Okay.

10     I'm there, 105.

11     Q.     So looking at pages 105 to 108, I only

12     see that you disclosed an opinion for elements

13     1.3 and 1.4, right?

14                MR. FINCH:  Objection, form.

15                THE WITNESS:  I think I did more

16     than that.  There's kind of an introduction to

17     it.  But yes, the claim elements that I

18     addressed, you know, specifically are claim

19     elements -- 1.3 and claim element 1.4.

20     BY MR. STEMLER:

21     Q.     Were you asked to form an opinion on any

22     of the other elements of claim 1 with respect

23     to ground 5?

24                MR. FINCH:  Objection, form.

25                THE WITNESS:  I don't remember
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1     anything like that.  Generally, I'm not asked

2     questions like that.  I'm asked to address,

3     like, an entire claim, and then I go through

4     the claim element by element and come up with

5     my opinion.  So I don't remember any kind of

6     question, like, if I'd go and reexamine claim

7     element 1.2.  I don't remember anything like

8     that.

9     BY MR. STEMLER:

10     Q.     Have you formed an opinion as to any of

11     the other elements of claim 1?

12                MR. FINCH:  Objection, form.

13                THE WITNESS:  I don't think I

14     formulated an opinion one way or the other.

15     Basically, I chose these two claim elements

16     because I think they're fairly not anticipated

17     by Holzapfel, so those are the ones I put into

18     my report.  But if you want to bring up the

19     other ones and discuss it in detail, I'm

20     perfectly happy to do that.  Maybe we'll find a

21     problem with some of the other limitations as

22     well.

23     BY MR. STEMLER:

24     Q.     Dr. Singhose, do you know what the term

25     "STP" stands for?
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1                MR. FINCH:  Objection, form.

2                THE WITNESS:  I think it could

3     probably stand for different sorts of things;

4     if you give me some context.

5     BY MR. STEMLER:

6     Q.     Yeah.  In the context of liquid fuel

7     sources and gaseous fuel sources.

8                MR. FINCH:  Objection, form, calls

9     for speculation.

10                THE WITNESS:  Yeah.  I'll have to

11     speculate.  It could be standard temperature

12     and pressure.  Without the context, that's one

13     thing it could mean.

14     BY MR. STEMLER:

15     Q.     Sure.  Well, when I'm talking about

16     standard temperature and pressure, do you know

17     exactly what pressure and what temperature I'm

18     referring to?

19                MR. FINCH:  Objection, form.

20                THE WITNESS:  No.  I'm not sure

21     there is an exact -- like, I don't think those

22     are given as exact values.  I think that

23     they're indicating the ambient temperatures and

24     pressure that would normally mean atmospheric

25     pressure, but of course that can vary.  If
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1     you're operating your engine at sea level or up

2     in the Andes at 16,000 feet, that's going to be

3     quite a bit different.  So it generally refers

4     to where you think this is going to be operated

5     and sort of the temperature range over what you

6     think it's going to be operated.  Again, that's

7     going to be a variation.  If you're operating

8     your engine in Arizona, it's going to be quite

9     different than you're operating it in

10     St. Petersburg in the winter.  So it's

11     definitely a range but sort of a -- what you

12     expect the temperatures and pressures to be.

13     BY MR. STEMLER:

14     Q.     You mentioned in your declaration an

15     example of a forklift that is operated using a

16     liquid LPG supply.  I have a section of your

17     declaration up showing paragraph 62 and 63

18     where you include this discussion.  Do you

19     remember that?

20     A.     Yes, I do.

21                MR. FINCH:  Objection, misstates

22     prior testimony.

23     BY MR. STEMLER:

24     Q.     Do those forklift engines combust the

25     liquid LPG in the liquid phase or in the
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1     gaseous phase in the engine?

2                MR. FINCH:  Objection, form.

3                THE WITNESS:  In the gaseous phase.

4     BY MR. STEMLER:

5     Q.     What effect does it have on an engine if

6     a vapor service tank is replaced with a liquid

7     service tank and a vaporizer and those two

8     services provide the same air-to-fuel ratio to

9     the engine?

10                MR. FINCH:  Objection, form,

11     incomplete hypothetical.

12                THE WITNESS:  So I understand the

13     hypothetical, I have a system -- you seem to be

14     asking me to swap out one system for another,

15     but I kind of want to understand what I'm

16     starting with.  So I'm starting with a system

17     that uses, say, a gaseous LPG source and a

18     pressure regulator, and that's going into an

19     engine, an engine is running.  And then you

20     want me to change out the gaseous fuel tank and

21     the pressure regulator with a liquid fuel

22     source and a vaporizer, is that --

23     BY MR. STEMLER:

24     Q.     Yeah.

25     A.     So you want me to make those two
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1     physical changes?

2     Q.     Make those two physical changes and

3     assume that both of those two groups of

4     structures supply the same air-to-fuel ratio.

5                MR. FINCH:  Objection, form.

6                THE WITNESS:  Okay.  It's still kind

7     of incomplete, because there's an air-to-fuel

8     ratio, which I guess might be able to made

9     somewhat similar.  But there's another variable

10     I think that's very important which is the

11     volume flow rate.  Generally the volume flow

12     rate coming off of that liquid fuel source

13     would be much higher, so you would get a larger

14     amount of fuel per unit time.  So I'd also have

15     to somehow -- I have to achieve the same -- to

16     get the same kind of performance, I need the

17     same air-to-fuel ratio plus the same volumetric

18     flow rate.  Not sure that can be done, but

19     you're asking me to assume that it could be

20     done.  And then I think that the engine

21     wouldn't know that much of a difference.  It

22     would be getting the fuel ratio that it needs

23     and the volumetric flow rate that it needs to

24     function on.  I think given all that stuff, the

25     engine might operate about the same.
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1     BY MR. STEMLER:

2     Q.     Do you recall noting in your declaration

3     that there's vapor that's occasionally stored

4     in the head of a gasoline tank?

5                MR. FINCH:  Objection, form.

6                THE WITNESS:  Yeah.  I don't think

7     those were my exact words, but in any gasoline

8     tank, there's going to be some open air at the

9     top which is generally going to be a vapor.

10     BY MR. STEMLER:

11     Q.     If that gasoline vapor were extracted

12     from the head of the gasoline tank and sent to

13     the engine, would you then consider the

14     gasoline tank to be a gaseous fuel source?

15                MR. FINCH:  Objection, form,

16     incomplete hypothetical, scope.

17                THE WITNESS:  I think if I had a

18     car, I couldn't get it to run off of just the

19     vapor off the top.  But supposed I had, like, a

20     little tiny, I don't know, lawnmower or

21     something, maybe much less powerful, and I'm

22     going to draw off the gasoline vapor at the

23     top, I'm going to have to put a lot of stuff in

24     there like lines in the fuel pump or an air fan

25     or something.  I don't know if I can get it to
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1     run, because I don't think there's a lot of

2     fuel density in that vapor.  I've never kind of

3     seen them operate that way.  So my guess is it

4     may not really work because there may not be

5     enough fuel density.  But if somebody did it,

6     like, in a lab somewhere, that would be

7     interesting maybe to see how they got it to

8     work, but it's going to be basically a

9     low-energy density vapor if we do that.

10     BY MR. STEMLER:

11     Q.     And if you did that, would it be called

12     a gaseous fuel source?

13                MR. FINCH:  Objection, form.

14                THE WITNESS:  Yeah, I think in that

15     special case with however we might do that, I

16     would think that it's -- now you're drawing --

17     the fuel source is, in fact, a vapor because

18     you're not drawing off the bottom, you're not

19     drawing the liquid.  So I think I would call

20     that a gaseous fuel source in whatever kind of

21     mechanism we came up to do that, but that's

22     what I would call it.

23     BY MR. STEMLER:

24     Q.     Do you know how much force is required

25     to pull-start an engine?
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1     A.     Nobody knows the answer to that until

2     you tell me what the engine is and what the

3     temperature is and how much rust is in there.

4     It's just a huge -- it's a huge range of forces

5     required.

6     Q.     What's an approximate range?

7                MR. FINCH:  Objection, form, calls

8     for speculation.

9                THE WITNESS:  I can pull-start -- I

10     have a relatively small lawnmower that I have

11     to pull quite a few times to get it going.

12     Each one of those pulls that I do is probably

13     on the order of about 30 pounds.  My lawnmower

14     really takes a little bit more pull, and more

15     importantly it takes a longer pull.  The pull

16     string on there, if you will, is much longer

17     for my lawnmower because it's a bit bigger

18     engine.

19                MR. STEMLER:  Let's take another

20     break.  About ten minutes work for you guys?

21                MR. FINCH:  Okay.

22                THE VIDEOGRAPHER:  We are going off

23     the record.

24                Time now is 2:34.

25                (Off the record 2:34 to 2:45.)
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1                THE VIDEOGRAPHER:  We are back on

2     the record.  This is the start of Media

3     Number 5.

4                The time is 2:45.

5     BY MR. STEMLER:

6     Q.     Dr. Singhose, you remember discussing an

7     example of a system where one draws gasoline

8     vapor from the head space of a gasoline tank to

9     run a hypothetical engine on that gasoline

10     vapor?

11                MR. FINCH:  Objection, form,

12     misstates prior testimony.

13                THE WITNESS:  That's what we were

14     discussing before the break, a possibility of

15     trying to achieve that.

16     BY MR. STEMLER:

17     Q.     Another question about that example.  If

18     during the -- if during the course of the

19     pathway of that gasoline vapor from the head

20     space of the tank to a point right before the

21     carburetor, that gasoline were to stay in the

22     vapor phase and then be recondensed into liquid

23     gasoline immediately before the carburetor,

24     would you still consider that gasoline tank to

25     be a gaseous fuel source?
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1                MR. FINCH:  Objection, form, scope,

2     calls for speculation, incomplete hypothetical.

3                THE WITNESS:  I haven't considered

4     that configuration.  It sounds very esoteric.

5     I guess it's so unusual to me that I don't

6     think I would use the terminology of this

7     patent.  Like, I'm not sure that the

8     terminology and the teachings of this patent we

9     can then take that understanding and apply it

10     to something so unusual.

11     BY MR. STEMLER:

12     Q.     Why not?

13     A.     I just feel uncomfortable using either

14     gaseous fuel source or liquid fuel source for

15     something that is not at all discussed in these

16     patents.  Again, I'm interpreting these claim

17     terms in light of the specification and the

18     prosecution history, and so nothing I can think

19     of in the specification figures or prosecution

20     history is related to that kind of

21     configuration, so I don't know how to apply the

22     claim terms to something that's so unrelated.

23     Q.     You provided infringement opinions on

24     these patents, right?

25                MR. FINCH:  Objection, form, scope.
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1                THE WITNESS:  Not that I'm aware of.

2     What are you referring to?

3     BY MR. STEMLER:

4     Q.     I'm referring to -- strike that.

5            Do you intend to provide infringement

6     opinions relating to these patents?

7                MR. FINCH:  Objection, form, scope.

8     This is an IPR proceeding.  There's no

9     infringement case here.

10                THE WITNESS:  I'm trying to answer

11     your question here.  Did you say patents or the

12     patent here?  I think there's only one patent

13     here, what we'll call the '398 patent.

14     BY MR. STEMLER:

15     Q.     Sure.  Let's consider first the '398

16     patent.

17     A.     The '398 patent -- I have not done an

18     infringement analysis on this patent comparing

19     any products yet.  Whether or not I do that is

20     not in my -- not my choice really at this

21     point.  So it's hard for me because I

22     have [sic] an intention to do it when I haven't

23     really been asked --

24                MR. FINCH:  Dr. Singhose, I'd

25     caution you to not testify as to
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1     attorney-client privileged materials or any

2     discussions you've had with litigation counsel.

3                THE WITNESS:  Sure.

4     BY MR. STEMLER:

5     Q.     Do you think you would be able to

6     provide an infringement opinion related to the

7     '398 patent?

8     A.     Yes.

9     Q.     So you think you would be able to apply

10     the claim terms of the '398 patent to

11     structures that are not disclosed in the '398

12     patent, correct?

13                MR. FINCH:  Objection, form, scope,

14     calls for speculation.

15                THE WITNESS:  Well, I think that

16     generally the generators that I'm aware of

17     would have structures that are disclosed.  So

18     without an example of that, I can't really

19     answer the question.  Seems like I would be

20     looking at generators that have the kind of

21     structures that are disclosed in the '398

22     patent, so I don't really understand the setup

23     of the question.

24     BY MR. STEMLER:

25     Q.     I'd like to share another exhibit.  I'm
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1     going to share or introduce Exhibit 1009.  This

2     is the Holzapfel reference.  Pulling up a

3     picture of Figure 1.  Do you see this picture?

4     A.     Yes, I do.

5     Q.     Have you analyzed this reference before?

6     A.     Yes, I have.

7     Q.     Can you describe generally to me what

8     this reference relates to?

9                MR. FINCH:  Objection, form.

10                THE WITNESS:  Generally, it relates

11     to a fuel system for an internal combustion

12     engine in a car, I guess possibly a truck, so I

13     guess an automobile.

14     BY MR. STEMLER:

15     Q.     How many different fuels can the fuel

16     system use?

17                MR. FINCH:  Objection, form.

18                THE WITNESS:  Well, it's described

19     as using two tanks of fuel.  Fifteen and 16, I

20     believe, are the two tanks that you can use to

21     power this combustion engine.

22     BY MR. STEMLER:

23     Q.     Does Holzapfel allow for both of those

24     fuels to be supplied to the engine at a given

25     time, or is it just one of the fuels that's

Page 150

Veritext Legal Solutions
www.veritext.com 888-391-3376



1     allowed to be supplied to the engine at a given

2     time?

3                MR. FINCH:  Objection, form.

4                THE WITNESS:  My understanding is

5     there is a switch to switch from which fuel

6     source is being used.  I think there's a time

7     period where there's some overlap when possibly

8     some residual of the first fuel that you've cut

9     off is still in the system and going through

10     there, but nominally it's supposed to change

11     from one fuel source to the other and not use

12     both at the same time.

13     BY MR. STEMLER:

14     Q.     Okay.  So there's some type of, what,

15     like, user selection between one fuel or

16     another fuel?

17                MR. FINCH:  Objection, form.

18                THE WITNESS:  Yeah.  There's

19     basically a physical mechanism that the --

20     whoever is driving this automobile will pull or

21     push, and that goes through essentially like a

22     linkage cable down, and it switches effectively

23     a valve that closes off one of the fuel

24     supplies and opens up the other.  That's my

25     understanding of what it's describing.
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1     BY MR. STEMLER:

2     Q.     Okay.  All right.

3                MR. STEMLER:  No further questions.

4                MR. FINCH:  I don't think I have

5     anything, but let's take a five-minute break

6     while I check my notes.

7                Dr. Singhose, if you want to just

8     hang out in the conference room, this shouldn't

9     take long.

10                THE WITNESS:  Okay.

11                THE VIDEOGRAPHER:  We are going off

12     the record.

13                The time now is 2:57.

14                (Off the record 2:57 to 3:01.)

15                THE VIDEOGRAPHER:  We are back on

16     the record.

17                Time now is 3:01.

18                MR. FINCH:  I do not have any

19     questions.  Thank you for your time today,

20     Dr. Singhose.

21                THE WITNESS:  Okay.

22                MR. STEMLER:  Thank you,

23     Dr. Singhose.

24                THE WITNESS:  Thank you.

25                THE VIDEOGRAPHER:  This concludes
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1     today's deposition.

2                Time now is 3:02 p.m.

3                (Deposition concluded at 3:02 p.m.)

4                   ***************
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1                REPORTER'S CERTIFICATE
2

STATE OF MINNESOTA   )
3                      ) ss.

COUNTY OF HENNEPIN   )
4
5        I hereby certify that I reported the remote

deposition of DR. WILLIAM SINGHOSE on Tuesday,
6 August 4, 2026, from Maple Grove, Minnesota, and

that the witness was by me first duly sworn to
7 tell the whole truth;
8        That the testimony was transcribed by me

and is a true record of the testimony of the
9 witness;
10        That the cost of the original has been

charged to the party who noticed the deposition,
11 and that all parties who ordered copies have been

charged at the same rate for such copies;
12

       That I am not a relative or employee or
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relative or employee of such attorney or counsel;
14

       That I am not financially interested in the
15 action and have no contract with the parties,

attorneys, or persons with an interest in the
16 action that affects or has a substantial tendency

to affect my impartiality;
17

       That the right to read and sign the
18 deposition transcript by the witness was reserved.
19

       WITNESS MY HAND AND SEAL THIS 7th day of
20 August, 2026.
21
22
23

 <%17932,Signature%>
24 Dana S. Anderson-Linnell

Notary Public, Hennepin County, MN
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1                         Veritext Legal Solutions

                           1100 Superior Ave

2                               Suite 1820

                         Cleveland, Ohio 44114

3                           Phone: 216-523-1313

4

August 7, 2026

5

To: Mr. Finch

6

Case Name: 398 Champion Power Equipment, Inc. v. Generac Power

7 Systems, Inc. IPR2025-1271

8 Veritext Reference Number: 8345697

9 Witness:  Dr. William Singhose        Deposition Date:  8/4/2026

10

Dear Sir/Madam:

11

12 Enclosed please find a deposition transcript.  Please have the witness

13 review the transcript and note any changes or corrections on the

14 included errata sheet, indicating the page, line number, change, and

15 the reason for the change.  Have the witness’ signature notarized and

16 forward the completed page(s) back to us at the Production address

shown

17

above, or email to production-midwest@veritext.com.

18

19 If the errata is not returned within thirty days of your receipt of

20 this letter, the reading and signing will be deemed waived.

21

Sincerely,

22

Production Department

23

24

25 NO NOTARY REQUIRED IN CA
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1                   DEPOSITION REVIEW

               CERTIFICATION OF WITNESS

2

         ASSIGNMENT REFERENCE NO: 8345697

3          CASE NAME: 398 Champion Power Equipment, Inc. v. Generac

Power Systems, Inc. IPR2025-1271

         DATE OF DEPOSITION: 8/4/2026

4          WITNESS' NAME: Dr. William Singhose

5          In accordance with the Rules of Civil

   Procedure, I have read the entire transcript of

6    my testimony or it has been read to me.

7          I have made no changes to the testimony

   as transcribed by the court reporter.

8

   _______________        ________________________

9    Date                   Dr. William Singhose

10          Sworn to and subscribed before me, a

   Notary Public in and for the State and County,

11    the referenced witness did personally appear

   and acknowledge that:

12

         They have read the transcript;

13          They signed the foregoing Sworn

               Statement; and

14          Their execution of this Statement is of

               their free act and deed.

15

         I have affixed my name and official seal

16

   this ______ day of_____________________, 20____.

17

               ___________________________________

18                Notary Public

19                ___________________________________

               Commission Expiration Date

20

21

22

23

24

25
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1                   DEPOSITION REVIEW
               CERTIFICATION OF WITNESS

2
         ASSIGNMENT REFERENCE NO: 8345697

3          CASE NAME: 398 Champion Power Equipment, Inc. v. Generac
Power Systems, Inc. IPR2025-1271
         DATE OF DEPOSITION: 8/4/2026

4          WITNESS' NAME: Dr. William Singhose
5          In accordance with the Rules of Civil

   Procedure, I have read the entire transcript of
6    my testimony or it has been read to me.
7          I have listed my changes on the attached

   Errata Sheet, listing page and line numbers as
8    well as the reason(s) for the change(s).
9          I request that these changes be entered

   as part of the record of my testimony.
10

         I have executed the Errata Sheet, as well
11    as this Certificate, and request and authorize

   that both be appended to the transcript of my
12    testimony and be incorporated therein.
13    _______________        ________________________

   Date                   Dr. William Singhose
14

         Sworn to and subscribed before me, a
15    Notary Public in and for the State and County,

   the referenced witness did personally appear
16    and acknowledge that:
17          They have read the transcript;

         They have listed all of their corrections
18                in the appended Errata Sheet;

         They signed the foregoing Sworn
19                Statement; and

         Their execution of this Statement is of
20                their free act and deed.
21          I have affixed my name and official seal
22    this ______ day of_____________________, 20____.
23                ___________________________________

               Notary Public
24

               ___________________________________
25                Commission Expiration Date
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1                     ERRATA SHEET

           VERITEXT LEGAL SOLUTIONS MIDWEST

2                ASSIGNMENT NO: 8345697

3   PAGE/LINE(S) /        CHANGE         /REASON

4   ___________________________________________________

5   ___________________________________________________

6   ___________________________________________________

7   ___________________________________________________

8   ___________________________________________________

9   ___________________________________________________

10   ___________________________________________________

11   ___________________________________________________

12   ___________________________________________________

13   ___________________________________________________

14   ___________________________________________________

15   ___________________________________________________

16   ___________________________________________________

17   ___________________________________________________

18   ___________________________________________________

19

  _______________        ________________________

20   Date                   Dr. William Singhose

21   SUBSCRIBED AND SWORN TO BEFORE ME THIS ________

22   DAY OF ________________________, 20______ .

23               ___________________________________

              Notary Public

24

              ___________________________________

25               Commission Expiration Date
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BATTERYLESS DUAL FUEL ENGINE WITR 
LIQUID FUEL CUl-OFF 


CROSS-REFERENCE TO RELATED 
APPl,ICATION 5 


2 
l11erefore, it would be desirable to design a dual foe] 


generator having a liquid fuel and gaseous fuel deLivcry 
systeru Lhm overcomes the aforerue111ioned detriments with­
out substantially increasing the overall cost of the system. 


BRIEF DESCRIPTION OF THE INVENTION 


Tue present application is a continuation-in-part of, and 
cl:'lims priority to, U.S. patent applicatfon Ser. No. 14/738, 
060, filed Jun, 12, 2015. the disclosure or which is incor­
porated herein by relereuce in its entirety. 


BACKGROUND OF TllE 1Nv1~NTION 


ln accordance with one aspect of1hc invention. a dual futil 
engine includes an engi1te t)perable 01i a gaseous Ii.lei and a 
liquid fi.iel. A carburetor attaches to an intake of tbe engine 


iu to mix air and fuel aud counecl to a gaseous fuel source and 
a liquid fuel source. The dual foe! engine also includes a 
switch to change openition of the engine between gaseous 
foe] and liquid fuel, and a liquid fuel cut-olf anachcs lo the 


Embodiments of the invention relate generally to dual fuel 
geuerators, and more particularly. to an apparatus and 15 


method for deliwring liquid fiJel m gaseous focl to a dual 
f-uel generntor. 


81ectric ge.neratora are frequently driven by internal com­
bustion engines that use gasoline as a foci source. Gasoline 
is a common fuel source for generator.:; i11 a variety t1f 2(1 


applications. However, alternative fuel sow·ces also provide 


carburetor to interrupt liquid fuel upon actuation or the 
swilcb from liquid fuel to gaseous fuel+ 


Ju accord:mce with another aspect of the invention. a 
batteryless dual focJ generator includes a housing containing 
a pu11 start engine coupled 10 drive au alterna1ot. The engine 
is operable on a gaseous fuel and a liquid fuel and includos 
a carburetor a ttached to an intake of 1.he engine. "11Je cnrbu­
retor has a throat to mix Ji.iel with air. a float bowl. and a fuel 
passage to prol'ide liquid fuel from the float bowl to the 
tbroa1. The generator urny also include a switch to select 
eugine operation oo eitber the liquid fuel or the gaseous foe] 
aud a fuel shutoff attached to the carbltretor 10 close the fuel 
passage upon selection or eoginc operation to gaseous fuel. 


ln accordanc:.e with yel another aspect of the invention, a 
carburetor having a fuel shutoff inch1des a carburetor with a 
float bowl. a throat and a fue l passnge to provide foel from 
the tloat bowl to the throat. A fuel shntott' couples to the 
carburetor wbicl1 may have a first end in the carburctnr that 
actu,nes lo close the fud passage and a second end external 
to the carburetor to actuate the first end. The fuel shutoff may 
operate witJ1in the carburetor ~uch thiit U1e fuel shut(1ff 


a desirable foe] som-ce. For instance, alternative fuels may 
provide a clean burning fuel that limits hazardous emissions. 
Alternative fuels may also be stored for long periods of time 
without degradation, whereas gasoline can degrade over a 25 


period of mouths leading rn hard starti11g, rough running. 
and also le.ad to gum and varnish deposit left in the foci 
sysLem. 1n addition, generators that operate on alternative 
fuels may generate eleclricity wben gasoline is 1101 readily 
available. Fur i11s111ncc, gcncratMS arc frequently used when 3c, 
power olllages in the utility grid result from severe we-<1ther. 
Uu.fortuuatdy, &as stati,,ns may illso bee closed il;,; a result of 
the power outage. Such a circumstance presents just one 
example whe(e it wt1uld be advantageous to operate elec­
trical generators on alternative faels. 35 actuates free from linear motion when opening and closiug 


the fuel passage. Certain generators ,u-e c.onfigured to operate as ·'dual fuel" 
geoerators. otherwise knowu as bi-Ji.tel generators. Tl1ese 
genernto.s are driven by ao internal co111buscion engine that 
is cou.fii1,11red to operate 011 a liquid foel for a period of 
operation and nn alteruative fuel for ,mother period of 40 
operation. ·111e alternative foci source 1s generally a gaseous 
fi.1el that may exist in a gaseous state at nonnal ternperatme 
and pres.sure and cnn be any one ofliquetied petroleum gas. 
compressed natural gas. hydrogen, or the like. Liquefied 
pet.r0le11m g,:1s (LPG). otten referred Lo a~ propane, exists in 45 


a gaseous state at t1onual 1empera1ure and pressure bm can 
he-convcoicmly stored under pressure in a liquid sli'tte. LPG 
mny be a desirable fuel source for internal combustion 
engines because ii ca.n be stored for longer periods of time 
and contains fewer impurities than gasoline, resulting in 50 


snK1other aud cleaner operatiou. and often resulting in a 
longer lasting engine. 


1.n order to provide the liquid. and gaseous fuel to the 
engine. the dual fuel engine may have a lirst foe! line for 
liquid tl1el and a second fuel line for gaseous fuel. A liquid 55 
fuel source and a gaseous fuel source may be coupled to the 
respective lines to provide fuel to the engine. However. a 
common problem with such configurations that couple two 
foel sources to a single engine is the engine can experience 
overly rich air-foci n1tio when both foels are simultaneously 60 
engaged during cross-over switch.log between the foci 
sources. Such si1m1ltoueous delivery of fuel from the first 
fuel line and the second fuel line may make the engine hard 
to start or lead to unstable operating conditions. Further, a 
float bowl in the carburetor 1hat muSl first fill or empty prior 65 


10 changeover causes delay in c:ross-owr .switching betwt>en 
the f'ttel sources. 


In accordanc.a with yet another aspect of the invention, a 
mel11od of assembling a dual fuel e1\gine includes providing 
an engine operable on a gnseous fuel and a liquid fuel and 
attaching a carburetor to an intake of the engine to supply the 
fuels to the cugine. ·111e carburetor includes a throat to mix 
gaseous fuel with air and liquid fuel with air, a {kiat bowl, 
and a foe! passage to provide liquid fuel from the float bowl 
to the throat. The file ls may be supplied to the carburetor by 
a gaseous fuel source coupled to the throat and a liquid fuel 
somce coupled to the 0oar bowl. Toe method a lso iocludes 
coupling a switch to the eugine to change operation or the 
Cllgine between gaseous fuel and liql1id fuel, and at1achi11g 
a liquid fuel cut-off Lo the carburetor to close the fuel 
passage upon acruation of the switcll from liquid fuel to 
gaseous fuel. 


Various lltht-r features aod adv-,1t1lag,es will be made 
apparem from the following detailed descriplion and the 
dn1wiugs. 


BRlEF DESCRJPTION OF THE DRAWINGS 


The drawings illuslrate preferred embodiments preseutly 
contemplated for carrying out the invention. 


In the drnwings: 
FIG. 1 is a perspective view of a dual foe] gener.rtor 


coupled to a fuel delivery $ystem, (1Ccordit1g to an embodi­
ment of the i1wention. 


FIG. 2 is a delai I v iew ofa portjo11 of the generatorofFIG. 
1 about a mechanical foel lockout switch with 1he switch in 
a first position. accurding to an embodiment of the inven­
tion. 
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FIG. 3 is a detail view similar to FIG. 2 and showing the 
mecfoutical foci lockout switcb in a second position. with an 
LPG supply line connected thereto, according to au embodi­
ment of the invention. 


4 
ment of the invention .. Dual fuel generator 20 includes an 
iJJtcrnal c:ombustiou e11gine (not shown) wit ltin housing Zl at 
one end 24. operatively coUJ1ected to an alternator also 
enclosed iu housing 21 ai another end 26. by cooventiooal 
means. Dual fuel generator 20 is configured la oper.Jte on 
dilTeJent fuels via either a first f'uel source 28 or a second fuel 
source 30. In ao exemplnry embodiment of the invention, 
first fuel source 28 is a liquid fuel and secm1d fuel source 30 
is a gaseous fuel. The liqui<.I fuel may be gasoline and the 


FJG. 4/\ is a schematic d.lagnim of a fl.id system for the s 
dual Ii.ml gtmerator of FIG. I showing a liquid fuel source in 
communicaiion with a carburetor of the geuerntor consistent 
with the tirst position of the switch as shown in FIG. 2, 
according to an clectro-mechanicol embodiment of the 
i1tven1ion. 10 gaseous Ii.lei may be liquid petroleum gas (LPG). Each can 


selectively operate the generator as desired and controlled 
by an opcCT1tor, For instance, generaLOr 20 may ope.rate OD 
gasoliDe for a first period of operation and then switch to 
LPG for a second period oi' operation. However. it is 


FfG. 48 is a sd1e01atic diagram of the fuel system ofFTG. 
4A showi11g a gaseous fuel source in communication with a 
carburetor of the generator of FJG. 1 consisteor with the 
second position of the switch as shown in FIG. 3. according 
to an electro-mechanical embodiment of the invention. 


FlG. S is a perspective view of a dual fuel c.1rburetoI 
having a manual fuel shutoff system and conpled to a first 
f-uel lioe and a second fuel line, according to a mechao.ical 
embodiment of the invention. 


15 contemplated tl1at dual foe[ generator 20 is configured to 
operate l)n foels other than ga~oljoe ,md LPG (e.g .. natu.ral 
gas. biodicsel, etc.), and thus the si.;ope of the invention is 
not meant tl) be limited strictly to a dual fuel arrangeme11t 


FIG. 6 is cross-secl'ional view lJf the twarburetor of FIG. 5 w 
taken along line 6-6 of FIG. S through a fi.1el passage that 
provides fuel from a tlmn bowl lo a throat of the c.·Hburetor, 
according to au embodiment of the invention. 


where first foci source 28 provides gi1solinc ,111d second lhel 
source 30 provides LPG. 


In one embodiment of the invention, dual fuel generator 
20 includes a gasoline tank 32 or, generally, a liquid fuel 
tmlk. located inside cover 21 onboard geJ1erator 20 lo 
provide gasoline to tbc engine as first fuel source 28. 
Gasoline tank 32 cull.11ects to a first fuel line to provide 
gasoline k1 the carburetor lo nm t11e engine. as will later be 


PIG. 7A is a parti::il liectional view of the float bowl of 
F'lG. 6 wilh a manual fuel shutoff system in an open position, 25 


accorcling to an ernbodimen1 of the inveJ1\ion, 
FfG. 713 is a detailed partial sectional view or tho float 


bowl with a manual fuel sbuto.lJofFJG. 7A taken along line 
78-78 of FlG. 7A_. according to an embodiment of the 
inve.ution. 


FIG. 8 is a partial sectional view similar to FIG. 7A and 
showing the 1uauual file! slmll>ff ~-ystem in a closed posi tion. 
according to an embodimenl of the invention. 


FIG. 9 is u perspective view of a shall for the manual fuel 
shutoff system ofF'IG. S. according tn an embodiment of the 
invention. 


PIG. 10 is a side view of a valve member for the manual 
fuel sbut11ff system of FIG. 5. according 10 an embodiment 
of Ui.e invemion. 


PIG. 11 i~ a perspective view of the carburetor of FIG. 5 
with tl1e manual fuel shutoff systom exploded from a Roat 
bowl of the carburetor. 


FIG. 12 is a flow chart showing steps in fabricating a 
manual foe! shutoff system for a carburetor. according lo an 
embodiment of' the invention. 


FIG. 13 is a magnetic foel shutoff system fi.1r a carburetor. 
according to a magnetic-mechanical c.mbodimcol of the 
inv.:ntion. 


FIG. 14 1s a wiring diagram ofa microcontroller receiving 
input signal~ and operatiJlg engine compo11e.11ts. according to 
an embodiment of the invention. 


DETAILED DESCRIPTION OF THE 
PIUlrERRED EM BODr.NIDNT 


de.~cribed with reference to 1"7GS. 4A and 413. Generator 20 
is also coupled lo a pressurized fuel container 34, or a 
pressurized foe! source, located off board generator 20 to 


30 provide LPG to the engine as second foci source 30. 
Pressurized fuel container 34 is coupled lo generator 20 with 
au LPG supply hose 36. LPG supply hose 36 i~ coupled to 
n second foel line within generator 20 lo provide LPG to the 
carburetor to nm the engine. D11al fuel generator 20 includes 


35 a mechanical fuel lockom switch 38 for selecting a desired 
foe! to be provided to the engine. The mechanical foel 
lockout switcli 38 is actuated to selecL lirst fi.iel source 28 
whco io a first position, as shown in PIG. Z. and ::rhernately 
to select second fuel source 30 wl.len in a second position, as 


40 shown in FJG . . l . 
Referring back to FIG. I, in an exomplary embodiment. 


fuel 3() from pressurized fuel container 34 is regulated using 
a fuel regulator sysrem 39 for delivery to the engine. Fuel 
regulator system 39 includes one or more pressure regulators 


45 that reduce and control the pressure of the niel from pres­
surized foel container 34 and delivers fuel at a desired 
pressure for operation of the engine. Fuel regulator system 
39 has an inlet 41 operatively c0t1pled lo a service valve 40 
of pressuri7..ed foe! coutaioer 34 and an outlet 43 coupled to 


so LPG supply hose 36. Fuel regulator system 39 includes a 
primary pressure reg1.1lator 42 coupled 10 pressurized fuel 
container 34 aml a secondary pressure regulator 44. Primary 
presstu·e regulator 42 protects downstream components from 
h.ig.h pressure of pressurized fuel container 34. Primary 


55 pressure n::g11lator 42 receives LPG thr0l1gh service valve 40 
ofpressuri.zed foe! container 34 and reduces lbe pressure of 
the LPG to a first stage, In one embodiment of the invention, 
the first stage may be delivered directly to generator 20 at a 


The operating environment of tile invention is described 
witb respect to a dual foel generator. However. ii will be 
appreciated by those skilled in the art that the invention is 
equally applic!lble for use with any dual fuel internal com­
hustiou eugine. Moreover, the invention will be described 60 


with respect to a dual fuel generator configured to operate oo 


pressure required for opemtion of the engine. 
In an exemplary embodiment ufthe invention, ruel regu-


lator system 39 includes secondary pressure regulator 44 
coitpled to the outlet of primary prcss11re regulator 42 in 
order lo use standard "olf-rl1e-sbelr' components. Typically, 
the primary pressure regulator is mounted 011 the LPG lank, 


a liquid fuel and a gaseous foel. I Iowever, one skille<.I in the 
1\11 will further appreciate that the invention is equally 
applicable for use with otl1er fuel combinatfons for dual foe! 
generators and intemal combustion engines. 


Referring 10 FIG. I. a dual fuel generator 20 is coupled to 
a foe! delivery systt:111 22. in accordance with an embodi-


65 while tl1e secondary pressme regulator is mounted on the 
component using the fuel. such as an engine or grill. Uerc-. 
since generator 20 can be used as a ga~oline only genera.tor, 
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secoudary pressure regulator 44 is mounted off-board the 
generator 10 reduce size and cost of the generatot. Secondury 
p.ressure regulator 44 receives LPG from primary pressure 
regulator 42 and lhrther reduces the pressure of LPG 10 a 
second stage to be delivered to generator 20. In a system 5 
witl1 two regulators, primary pres$ttre regulator 42 regu'lt11es 
foe] received from pressurized fuel contaii1er 34 and reduces 
the pressure of the foel to a level required for operntion ol' 
secondary pressure regLJlator 44. Secondary pressw·e regu­
lator 44 regulates lllel received frou1 primary pressure 10 
regulator 42 and timber reduces i-he pressure ot' the fuel to 
a level required for operation of gen.erator 20. Jo addition, 
primary pressure regulator 42 may compensate for varying 
tank pressure as fuel 1s depleted while secondary pressure 
regulator 44 may compensate for varying demand from 15 


generator 20. 
la accordance witl.t an exemplary cmbodimeul of the 


invention. fuel regulator system 39 includes both the pri­
mary and secondary regulators. or a custom single regulator, 
but in any cnse is located remotely. or off-board. from dual 2(1 


fuel geuerator 20. Pue! regulator system 39 may be directly 
01ouJJted to pressurized fuel container 34 using a regulator 
mmmting bracket 46. Regulator mounting bracket 46 has 
mounting locations for primary pressur~ regulator 42 and 
secondary prt!ssure regulator 44. Regttlator ruoL1Dti.11g 25 


bracket 46 al$o has a securing mechanism 48 to secure 
regulator mounting bracket 46 to pressurized Juel container 
34. 


In another embodiluen1 of the invention. primary presmre 
tcgulator 42 is monnted on regulator mounting bracket 46 3C1 


wbile seooudary pressrn·e regulator 44 could be mounted on 
0( n.oar generator 20. fo yet ,iuotber e1ubodirue.nt or tbe 
invention, a dual stage regulator may regulate the foci 
received from pressurized ti.tel container 34 and deliver fuel 
at a pressure required for operation of generator 20. Such a 35 
dual stage regulator 1m1y reg11late the foe] to the second stage 
within a single strncture. TI1e dual stage reg11fator may be 
mounted dii·ectly on fuel container 34. 


Referring to FlG. 2, a detail view of a portion of generator 
20 l)f PIG. 1 depicts wecb11wcal fuel lockout switch 38 in a 40 
first position 38(a), in accorda11ce with ,111 embodiment of 
the invention. In this position, mechanical fuel lockout· 
switch 38 provides gasoliue flow from gasoline tank 32 to 
fue engiJJe while preventing connection. of an LPG supply 
line to fuel i11let 59 of the second fuel line, as will later be 45 


discussed in detail with teference to FIGS. 4A and 4B. Still 
referring lo FIG. 2. mechanical fuel lockout switch 38 
provides a combination liquid fuel shutoff valve and a 
gaseous fuel supply lockout that preve11ts simultaneous 
delivery of fuel to tJ1e engine from gasoline tank 32 and so 
pressurized foe! container 34, PIG. 1. As such, mechanical 
fuel lockout switch 38 provides a fuel selector to ensure only 
the selected •!iJel is provided to dual Ii.tel generator 20. 


Mecba11ical fuel lockout switd1 38, FIG, 2. includes 
mechanical fuel valve 54 actuateable between first poshlon 55 


38(a) as shown ut FIG. 2 and second position 38(b) as shown 
in FIG. 3 to selectively control foe! tlow ro the dual fuel 
engine from first fuel source 28 through a first fuel line and 
second fuel source 30 l11rough a second fuel line J6. 
Mechanical fuel lockout switch 38 may also include fuel 60 


lockout apparatus 58 coupled to mecbaolcal fuel valve 54 to 
comm~10icate foe! sources iJJdividuully to generator 20. fo 
one embodiment of the inve111io11, fuel lockout apparatus 58 
communicates first fuel source28 to the engine by ac!llatfug 
mechani~l foel valve 54 to first position J8(a) to open U1e 65 


first fuel line as showo in FJG, 2. and communicates second 
fuel source JO lo tl.te engine by actuating mechanical fuel 


6 
valve 54 to second position38(b) 10 open con11muucation of 
the second fuel source 30 to the eugine as s.hown in FlG. 3. 
Referring back to FJG. 2. when meclmnical fuel valve 54 is 
in first posi tion 38(a), foe] lockom :1pparanis 58 cnuummi­
cates first fuel source 28 lo the dual fuel engine and prevents 
commu11ica1ion betweeu the $econd li.1el source and the dual 
foe] engine. 


ln aJJ ex.emplary embodiment of t.lle inventioJJ. mechani­
cal fuel valve 54 co1Jtrols the flow of LPG to the engine by 
actu:Jting file! fockolll apparatus 58 to block or uoblock foe! 
inter 59 for the second foci source. Mechanical fuel valve 54 
is cc;nipled to the first foe) line as a liquid fuel valve, as 
shown in FlGS 4A and 413, and therefore can control the 
flow of gasoline to the engine by opening and closing the 
first fuel line. \\ihen 1he mechanical fuel valve 54. FIG. 2. is 
in tbe first position 38(a). gasoline flows fmm the gasoline 
tmlk tu tl1e c.ogine and the fuel lockout apparan1s 58 bloch 
the f11el inlet 59. Accordingly. fuel lockout apparatus 58 
prevents LPG flow to generator 20 when the mecbunical fiiel 
valve 54 is in first position 38(a) wherein the engine is 
operated on gasoline. 


Mechanical Juel valve 54 includes a fiiel valve handle 56 
to control the opening aud closing of tJ1e valve. Fuel valve 
handle 56 i~ 111\Wable between first position 38(aJ as shown 
in FIG. 2 and second position 38(b) as shown in FlG. 3. 
Mechaoical fue l valve 54 opens t11e l1rst fuel line (to enable 
ltquid fuel flow to the engine) when fuel valve handle 561s 
in the first position, and mechanical foe! valve 54 closes the 
first foel line (to prevent liquid fuel flow to1be engine) when 
focl valve handle 56 is 111 1he second position. llrns, when 
fuel valve handle 56 is in first position 38(o) as shown u1 
FIG. 2. tllechanical Jhel valve 54 open~ the firs-1 foel lioe aod 
allows gasoline trom gasoline tank 32 to l1ow to the engine. 


Fuel valve bandle 56 is coupled to fuel lockout apparatus 
58. Fuel valve h:mdle 56 actuates with fuel lockout appa­
rntus 58 to prevent LPG flow to generator 20 when gasoline 
flow to the generator is enabled. Fuel lockout apparatus 58 
is controlled by Ii.Jet valve handle 56 so 1l1at moving foel 
valve band.le 56 to the first position causes foe] lockout 
appnrat\lS 58 to block. f11el inlet 59 for LPG. and moving foe] 
valve handle 56 to the second position causes t'ud lockout 
apparatl1s 58 to unblock fuel in.let 59 for LPG. 


Io an exemplary embodiment of the invention. fuel v~lve 
h;mdle 56 mtatcs between the first position and the second 
position and fuel lockout apparatus 58 is rigidly coupled lo 
the rotating h~uldle. Fuel lockolll appar.:m1s 58 may include 
a fuel inlet cover 61, which may be a flange, coupled to fuel 
valve handle 56 so that fuel inlet cover 61 rotates with lhe 
handle. Fuel iolet cover 61 extends radia.lly outward fmm 
fuel valve handle 56 and sweeps over fiiel inlet 59 for LPG 
as fi.1el valve handle 56 rotates. That is, fuel in.let cover 61 
rotates transversely ,1cross fuel inle1 59 and blocks access 
thereto. Accorcfaigly, fuel inlet c.-over 61 prevents LPG flow 
to generator 20 whe11 fuel valve handle 56 is in first positim1 
38(a) to allow gasoline to nm the engine. 


Referring to FIG. 3, a detail view ofa portion of generator 
20 of PIG. 1 depicts mechanical fnel lockout switch 38 in a 
second position 38(b), in accordance with an embodiment of 
the: invention. In this position, mechanical fuel lockout 
switch 38 provides ;:i disconnect 10 stop gasol ine ffow from 
gasoline tank 32 to tbe engine while a llowing connection of 
LPG S\tpply hose 36 to fuel iolet 59 of the secood fuel line. 
PIG. 3 fi.irther shows LPG supply hose 36 coupling second 
fuel source 30 to gen.erator 20 to deliver LPG ro run the 
generator. 


Mechanica l lliel lockoLi! switch 38 includes lllechaoical 
foe! valve 54 coupled to fuel lockout apparatus 58 to prevelll 
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gasoline tlow to generator 20 when LPG from the LPG 
supply hose 36 is supplied to lhe engine. In one embo<limenl 


8 
through a second foe! l.iue 70. AccordiDgly, first fuel line 66 
may be a liquid fue l line and secMd fiiel li11e 70 may be ,\ 
gaseous fuel line. 


Mechanical fuel lockout switch 38 changes the fuel 
of the invention. ,1ct11ation off rueclrnnical f1.1cl valve 54 to 
second position 38(b) causes fi.1el lockout apparatus 58 to 
allow conununicalion of second fuel source ]0 to the d llal 
foe] engine, and intcm1pts the first foel source 28 cOn.mm­
nication with the dual fuel engine. The position of fuel 
lockout appan1tl1s 58 prevents the fuel valve handle 56 from 
movi11g to first position 38(«) (FIG. 2) while LPG supply 


s source for eugiue 60 between liquid fuel and gaseous fuel. 


bosc 36 is connected to generator 20, 10 


A quick-disconnect hose coupling 50. also referred to as 
a qui.ck-connect hose coupling. connects LPG snpply hose 
36 to generator 20 so that LPG supply hose ]6 may be 
qLtickly attached and detached from genemtor 20. flosc 


15 
coupling 50 has a first end 50a mounted on the external 
SLtrface of generator 20 <1nd coupled to supply tl1e second 
fi.iel to the euginc, Hose coupling 50 bas a second end 50h 
coupled to the outlet of LPG supply hose 36. l!ach end 50a. 
50b has a g,ase~llL, foe] valve 1hat opens when ll,e coupliDgs 2(1 


are engaged and closes when t·he couplings are diseugaged. 
As such, quick-disconnect hose couplulg 50 amoruatlcally 
opc11s when connected to enable fuel now from LPG supply 
hose 36 10 the engine. ! lose coupling 50 automatically 
disconnects fluid communication when discoMected. ::!5 


Accordingly, when IJ1e supply hose is detach~-d fmm ge11-
cra1or 20. the coupling 50 is aulomatically closed so that foci 
does not escape and unwanted air does not enter the fuel 
system. 


lri one emhodimtnt. ti.id inlet cowr 61 is coupled to fuel 3C1 


valve handle 56 ~o that it is spaced apart from the surface of 
generator 20 to provide clear.:mce for first end 50a of tbe 
quick-disconnect hose coupling 50 that protrndcs from the 
surface of generator 20. As shown in FIG. 2, fuel inlet cover 
61 blocks off first end 50a of the quick-disconnect hose 35 


coupling when fuel valve handle 56 is rotated to first 
position 38(a) to enable g11s0Ji11e flow so tha1 fuel iolel cover 
61 prevent~ connection of LPG supply hose 36 (fllU. 3) ro 
generator 20. As shown in FIG. 3. fi.1el inlet cover 61 
uJ1covcrs first e11d 50n of tbc quick-discoouect ho~e coupl ing 40 


50 when fwd valve handle 56 is rotaled lo second poshion 
JS(b) lo disable gasoline flow so that foe! inlet cover 61 
permits coJU1ectioo of LPG supply hose 36 to generator 20. 


To operate generator 20 on LPG, fuel valve handle 56 is 
turned to second position 38(b) to disable ll1c flow of 45 
gasoline 10 tJ1e e11g_i11e and 10 e.xposc first end 50a of hose 
coupling 50 oa generator 20. LPG supply hose 36 is tbea 
connected to generator 20 via hose coupling S() to enable the 
flow of LPG to the engine. To operate geuerator 20 on 
gasoline. LPG supply hose 36 is d isconnected from genern- so 
tor 20 via hose coupling 50 to disable the flow of LPG to the 
l'ogine and to unblock fuel va1ve handk 56 from rotating to 
ihe first posi tion. As shown in FIG. 2. l'i.1el valve handle 56 
is then turned to first position 38(a) to enoble the flow of 
g.isoline to generator 20. 55 


Mechanical fuel lockout s\vitch 38 includes a mechflllical 
foel valve 54 act1.1ateable between first position 38(a) as 
shown in FIG. 4A and second position ]8(b) as shown in 
FlG. 4B to selectively control fuel now 10 the dual fl.tel 
engine 60 fn1ru fi.tsr fuel soLu-ce 28 through litS1 fuel line 66 
and second foe! source 30 through second fue l li.nc 70. 
ReferTiug back to r 1G. 4A. 111cchanical fuel valve 54 selec­
tively contmls fuel flL1w through first fuel line 66 by Opening 
the line when the mechanical foel lockout switch 38 actuates 
to first position 38(a). Mechanical foel valve 54 may be 
coupled to fuel lockout appanitus 58 tl111t 11crua1cs with 
mcch<10i1:al fuel valve 54 10 block imd tmblock fuel inlet 59 
of second fuel line 70, First end 50a of the quick-discollJlect 
11ose coupling is located al fuel inlet 59 and a mating end 50b 
(l f the quick-disconnt.-ct hose cou1,ling is coupled to the 
propane or LPG tank 68. Act1iatioo of mechruucal foel valve 
54 to first position 38(a) causes fuel lockout apparatus 58 to 
block fuel in.let 59 to prevent coupling the fu-sr end 50a and 
second end 50b of !he quick-di~co11nect hose coupling 
together, -and acl'llation of mech,mi~,LI fuel valw 54 to 
another position causes fuel lockout apparatus 58 to tu1block 
foe! inle t 59 to pcnnit atlaching first end 50a and second end 
50b together. 


A liquid fuel cut-oif 72 couples to carburetor 62 to 
regulate liquid fuel flow through 1l1e carbttrctor. Liquid fuel 
cur-off 72 can slop liquid fuel Oow to engine 60 to prevent 
au l)verly rich ~ir-fuel ratio wbC'll openiting c.itgine 60 ou 
gaseous fuel. Liquid foci cut-off72 may attach to carburetor 
6210 interrupt liquid ti.iel upon actuation of mechanical niel 
lockout switch 38 from liquid fuel to gaseous fuel. As such, 
liquid fuel cut-off 72 can prevent engine flooding by stop-
ping liquid fuel flow when starting ou g1Jseous fuel. Liquid 
foel cut-o lT72 i~ manually operated in~ome embodiments or 
the invention and electrical Ly operated in other embodi meuts 
of lbe inveoLiOJJ. 


In one embodiment of the invention, liquid fuel cut-off72 
comprises a fuel cut solenoid 74, also referred to as a 
carburetor cutoff solenoid, that operates within carburetor 62 
as a solenoid valve to control liquid fuel flow to engine 60. 
Fuel cut solenoid 74 Hctumes between un open position to 
pmvide liquid !\lei to engine 60 and a closed posit ion w stop 
liquid ti.Jc] to the eagioe. Fuel cul solenoid 74 c,111 operate as 
a no1111a1ly open solenoid valve so that power is not required 
(o open the solenoid during liquid fuel operation. As such, 
fuel cut solenoid 74 is powered and moved to a closed 
positiou to stop liquid foe] tlow lo engine 60 diiring gaseous 
fo~l operation. Alternatively. fuel cut solenoid 74 01ay be 
operated as a normally dosed valve that is powered to opet1 
for liquid fuel c,peration. 


Fuel cut solenoid 74 is preferably powered by a magneto 
76, alternator. ellgine flywheel with a charge windiug, or 
other electrical power generator bavi11g a charge windiug or 
coil 78. Charging coil 78 allows operation of fuel cut 
solenoid 74 in a batteryless engine. In a battcrylcss dual fuel 


Referring to FIG. 4A, a schematic diagram of a fuel 
system for a dual foel eugine 60 shows mechanical fuel 
lockm1t switch 38 in first position 38(a) to provide commu­
nication between the lir..t file! source 28 and dual fuel 
carburetor 62, according 10 au embodiment of the invention. 
Mcchanic:11 fuel lockout switch 38 prevents communication 
between secood fuel $ou1-ce 30 and dual fuel carburetor 62 
when the switch is in first position 38(a ). ln one embodiment 
of the invention, first fuel source 28 includes a gasolfoe tank 
32 1o provide gosoline to carburetor 62 through a first fuel 
line- 66. ,md second foci source 30 can include ::i propane or 
LPG tank 68 to provide propane or LPG to carbttretor 62 


60 generator. the drnrgi11g coil 78 may be intcgrnl ro an 
alternator driveo by the bati-cryless engine. Engine 60 may 
be a pull-start CJ1gi1w having o recoil starter 80, During. 
engine startup, recoil staner 80 cranks tbe engiue with a 
manual pull by a user that causes magneto 76 to supply 


65 electrical power ro foel cut solenoid 74. WluJe a fuel cut 
solc11oid 74 in a nonnally open mode does 1101 require any 
initial electrit·al power for starting eugine 60 on liquid fuel, 
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charging coil 78 powers the solenoid to stop liquid ii.tel tlow 
duriug startup on gaseous fi.1el. Alternatively. charging coil 
78 can power a fuel cut solenoid 74 operating in a nonnally 
closed mode to ope11 aud provide liquid foel to engine 60 
during sl.irtup on liquid fuel. 


01arging coil 78 has an output volt.age generally propor­
tiouiil to engjne speed and therefore charge coil 78 will 
produce a range of voltages over the range of engine 
operating speeds. For example. i r charging coil 78 produces 


10 
internipt po,ver ru1d open foe] cul solenoid 74 as represented 
in FIG. 4A. and actuation ofmecha,tical Fuel lockulll switch 
38 to second positi011 38(b) closes electrical switch 88 to 
power and close fuel cut solenoid 74 as represented in f]G. 


s 413. Alternatively. fi.iel cut solenoid 74 c:M operate as a 
normally closed valve where actuation or mechanical fuel 
lockout switch 38 to first position 38(a) closes electrical 
swilch 88 to power and open fuel cut solenoid 74, and 
aclllation of mechanical fuel lockout switcb '.38 to second 


12 VAC at 3600 rp01. it may only produce l VAC a t 300 rpm 10 
which would be insuflicieJ1t voltage duriJig startup to power 


position 38(b) open~ elecuicol switch 88 to inter111pt power 
and close foe] cut solenoid 74. 


a solenoid that rcqttires I 2 volts. An altern(lt◊r typically used In an alLemalive embodiment of tl1e invention, a micro-
to power 12 volt accessuries. sucl1 as ,1 battery, ,ll engine 
speeds wiJI need increased out·put voltage to provide suffi­
cien1 voltage for operation of fuel cut solenoid 74 at low 15 


n.Jcoil sta.11 speed~. ln addition. the output voltage of a 
charging coil may vary ii' the alternator or magneto 76 .ilso 
powers accessories. Accordingly. the output voltage of a 
charging coil should be verified by running engine 60 
through ll1e full range of operating speeds before increasing ?(1 


the output voltage. 


controller 89 operates fi.1el cut solenoid 74 so that foe! cut 
solenoid 74 opens to operate engine 60 on gasoline and is 
closed when the eogiue operates on LPG. While engine 60 
is rnl.Ul.ing. charging coil 78 pnwides pow<::r available lo 
microcom.roller 89 for operariuo of fuel cut solenoid 74 . Fud 
cut solenoid 74 may operate in a normally open mode to 
allow gasoline flow to engine 60 without power from 
microcontroller 89. and microcon1roller 89 may operate ftiel 
cu1 solenoid 74 to operare as ru1 after-fire solenoid when 


Adclitiom1J turns can be added to a charging coil in the 
alternator or magneto 76 to iJ1crease the output voltage 11nd 
provide st10icieu1 voltage to activate fhel cm solenoid 74 at 
1murnal stru·t speeds. Typical alternators OJ' magnetos may 15 


have l imited room witbin stator laminatil1ns for additional 
turns, but low current requirements of fuel cut solenoid 74 
allows substitution of smaller gage wire . .'\Jteruatively, sole­
noid windings ou fuel cut solenoid 74 can be modi.tied to 
operate at lower volt11gcs for recoil starling. l lowevcr. 3c, 
adding coil turns lo a cbarge windiJ1g provides an inexpen­
sive ,uoclificatiou and al lows use of ~tnndard 12 volt solc­
noidfi. 


shutting down engine 60 from gasoline operation. That is. 
micmcontroller 89 powers fuel cul $Olenoi<l 74 to a closed 
positiou preventing fuel being drawn into e11gine 60 and 
mul:ller during engine shutdown from operntiou ou gasoli.ne. 
When engine 60 nui.s 011 LPG, 111icroco11troller 89 switches 
011 power 10 close fuel cut solenoid 74 to prevent engine 60 
from drawing in gasoline from the floal bowl of carburetor 
62 and first fuel line 66_ Microcoutroller 89 may also operme 
focl cut solenoid 74 configllrcd to be normn11y closed. 
l.mplemenlatiou of microcouhuller 89 is forther described 
with re.spect ro f-'lG. J4. 


Referring to FJG. 48. a schematic diagrnm of a ftiol 
sy$tcm for a dual rue! engine Shi.JWS mechanical fuel lockoul To protect electriC'dl systems, a v~ilt.age reg~tlator 82 


couples to ch;:u-ging coil 78 to provide ;i fixed output voltage 
fm a varying inpnt voltage. If charge winding 78 is wound 
to supply 12 VA.Cat 300 rpm. i, could sttpply 144 VAC ;it 
3600 rpm. Applying 144 volts could qnickly destroy a 
solenoid designed to operate at I 2 volts. Accordingly, volt­
age regulator 82 may comprise a switching power supply 
circuit 84 that regulates a rec tified DC power output lfom 
magneto 76 and provides a fixed voltage lo fuel cut soJenoid 
74. Switching circuits are very efficient. dissipate very Unle 
power. and can be made small and inexpensive. Switching 
power supply circuit 84 allows for low rpm, recoil starter 
electrical power generation with ch,1rge coil 78 voltage 
con1rol over engine speed range. 


In !he cnib,,diment shown in FIGS. 4A and 4B, ftiel cut 
solenoid 74 is operated by au clectro-ruechauical switch 86. 
Electro-mechanical switch 86 connects one f1.1el source to 
carburetor 62 a11d is cow1ected to magneto 76 for it power 
sot,rce. Elccrro-mcchanical switch 86 may comprise an 
electricnl switdl 88 thfll provides electrical connec1ion 
between fuel cut solenoid 74 and magneto 76, Electro­
mechanical switch 86 may also comprise mechanical foci 
lockou1 swit·ch 38, aJLd electTical switch 88 can be ruechaJ11-
cally actuated and coutrolled by mechanical foel lockout 
switch .18. Fuel cut solenoid 74 connects to open and close 
a fuel pa{h lo pull-start engine 60 in response to recep1'ionof 
electrical power from electro-mechanical switch 86. 


F11cl cut solenoid 74 can operate as a nonually open valve 
that closes wbeu powered by alternator or magueto 76. 111e 
normally open valve is activated to close and prevent 
gasoline flow to engine 60 for LPG mode, and deactivated 
to o_pen and allow gasoline flow to engine 60 for gasoline 
mode. As such. actuation of mechanical ftiel lockout switch 
38 to first position 38(a) opens elccl.ticaJ switch 88 to 


35 switch 38 in second _positiou 38(b) to provide corumrn1ica­
tion between second fuel source 30 and dual fuel carburetor 
62. according to nu embodiment of 1be invention. Mechani­
cal fuel k1ckout switch 38 prevents conuuunicalion between 
fast fuel source 28 and duaJ fucl carbLu-etor 62 when tbe 


40 switch is in sccOnd positiou 38(b). The dual fuel engille bas 
a fiT$t fuel line 66 to provide ftiel from first fi1el source 28 
lo l<irbnretor 62 ,rnd a second fuel line 70 to provide foel 
from second fuel source 30 to carburetor 62. 


Mechanical foel lockout switch 38 includes mechanical 
45 foel vaJvc 54 that selectively controls fuel Oow through first 


ti.tel line 66 by closing tbc line wheo mechanical fuel lockout 
switch 38 actuates to second position 38(b). Mechanical ftiel 
luckout switch 38 may also include a mechanicul lockout 
apparat11s 58 to block and unblock fuel inlet 59 of the second 


so fuel line 70. Fuel inlet' 59 may inch1de first end 50a oftbe 
quick-connect hose coupling mounted on the generator aod 
coupled to second foe-I line 70. Second end 506 or the 
quick-connect hose coupling is coupled to the oullet of 
secood fuel source 30, and the !mt end SOa mates wiU1 


55 second tind SOh t·o quickly attach propane or LPG tank 68 10 
second fuel line 70. Fuel lockont apparatus 58 may also bold 
mechanic::il foe! lockout switch 38 in second position '.38(b) 
when 1he propane or LPG tank 68 is coupled lo the engine 


60 


via the ends 50a, 50b of the quick-connect hose coupling. 
LiqLtid fuel cut-off72 couples to carburetor 62 to regulate 


liquid fuel flo\\ through the carburetor as d~cribed with 
respect to FIG. 4A. Liquid foe! cut-oif 72 may comprise a 
foel cut solenoid 74 powered by magneto 76. Engine 60 has 
recoil starter 80 that cranks the engine and drives magneto 


65 76 to power fuel cut solenoid 74 wbeu starting 1he engine. 
Voltage regulator 82 reduces the vol rage delivered 10 Fuel cut 
solenoid 74 at higher engine ope.rating speeds. Fuel cut 
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solenoid 74 is activated by electro-rnecbanicol switch 86 
providing tlectrical connection to magneto 76 via electrical 
switch 88. Electrical switch 88 cnn be manually nctualed and 
coutrolled by mechanical fuel lock0t1t switch 38. FIG. 48 
shows electrical swi tch 88 closed to power a nom1ally open 
configured fuel cut solenoid 74 to a cl~)$Cd po~ilion for LPG 
mode when mechanical foe) lockout switch 38 is i n second 
position 38(b ). 


FIG. 4A and FIG. 48 depict an embodiment where 
mechanical ti,el valve 54 operates along finn foe! line 66 10 


provide a tfow path for first fuel source 28 to carbmeror 62 
when the valve is in first position 38(a ). That is, 1uecbanical 
foe! valve 54 may control a single fuel line that nms through 
the valve while opernting fuel lockout apparatus 58 to 
control foe) flow through second foe) line 70. Embodimenr.s 
of tbe invention also comemplatc mechanical foel valve 54 
configured to operate a long second fuel line 70 to provide a 
flow path for secoad fttel source 30 to carbttretor 62 when 
the valve is in second position 38(b), Mech:mical fuel valve 
54 may be conflgured to control multiple fuel lines that run 
tlu·ough the valve according to embodiments of the iuveo­
tion. lo another embodiment o f the inveurio11, a manual foeJ 
petcock is coupled along second fuel line 70 to provide an 
independent shm-off from second fuel source 30 10 the 
e11gi11e. 


Refening to PIG. 5, a dual fuel carburetor having a 
manual fuel shutoff system is shown, in accordance with a 
mechanical embodiment of the invention. Carburetor 62 
attaches to ao intake 90 of tbe engine to mix air and fuel and 
con.nect tci a liquid the! source and a gaseoui; Ii.id source. 
Cw·buretor 62 has a mixing passuge or throat 92 buviug an 
inlet 94 for air uod , 10 <~U l lel 96 J,..,r an air- foe! inixu.,re. A 
venturi 98 is localed in throat 92 with a choke valve JOO 
located upstream from t,be venturi and a tbr()llle valve I 02 
located downstream from t11e venturi. Carbw·etor 62 bas a 
float bowl 104 that provides fuel through a fuel p11ssage into 
a uarmw portion ofvenntri 98. Float bowl 104 has a liquid 
fi.iel inlet 106 lo receive liquid fuel from fir:;t fuel source 28. 
Tb.roat 92 bas a gaseous fuel inlet 108 to receive gaseous 
fuel froo1 second fuel source 30. Dual fuel carb~i.retor 62 
mixes air with fi.iel from first fi.iel source 28 and second foe) 
source 30 and provides the respective air-fuel mixtures for 
operation of the dual liiel generator. 


Liquid fuel cut-o.fr 72 couples to carburetor 62 to control 
liquid fuel flow downsu-eam of float bowl 104 in the 
carburetor. Liquid Ii.lei cm-olT72 can close off float bowl I 04 
to stop liquid fuel flow i-o the engine and prevent an overly 
rich uir-fuel ratio du1ing gaseous Ii.lei operation_ As such. 
liquid fuel cm-off 72 prevents engine flooding when starting 
011 gaseous fuel. Liquid f-t1el cut-ofr72 also traps fuel i_n float 
bowl 104 to eliminate delay in fllling the bowl when starting 
the engine 011 liquid fuel, and can s top liquid fuel now lo the 
engine immediately alter iy1itioo shutdown. A.s such. liquid 
foe! cut-off 72 reduc...>s emissio11s and prevents afterfire by 
stopping the engine from continuing lo cl.tow in fuel from 
(foat bowl 104 during sbntdown. 


ln the embodiment of FIG. 5. liquid ii.lei cut-off 72 
comprises a manually opernted foe) shutoff llO coupled to 
,:arburetor 62 to control liquid fuel tlow downstream of float 
bowl 104. Manual fuel i;butolT 110 can be cable actuated for 
use on engines without banery power, for iostaoce eogioes 
with recoil starters. Ma.uuaJ fuel slt111off 110 actuates 
between a first position lo allow gasoline flow to tbe engine. 
as shown in FIG. 7A and a second position to prevent 
gasoline flow to the engine. as shown in FIG. 8. Referring 
back to FIG. 5. manual Jud shutoffJI0 may comprise a shaft 
112 extending into ciu·buretor 62 tha t actuates between tbe 


12 
first position and second position. A manually operoted 
control system JJ4 couples to shaft 112 external to carbtl· 
retor 62 to control manual foe) sbutolJ 110. 


A bracket 116 couples lo the outer surface of carburetor 62 
5 to st1pport manual contml system 114. Bracket 116 mounts 


to a boss 118 exteuding outwards from noat bowl 104. Bos~ 
118 has a flat vertical ;_irface with a pair of tapped holes for 
mounting brac.ket 116 to float bowl 104. Screws 120, 122 
extend through respective holes in bracket 116 and into !he 


10 tapped boles 10 mouu1 the bracket to carbtu·etor 62. Matmal 
fi.iel shmoff 11.0 extends out of <.;arburetor 62 a11d through an 
opening J24 in bracket 1J 6. Bmcket 11 6 has a first stoppiug 
tab J 26 and a socond stopping tab 126 ex lending away from 
float bowl 104 to hold manual fuel sb.uto:lf 110 in a respec-


15 t.ive open or closed posit-ion. A foel drain screw 130 extends 
i1110 an opening in carburetor 62 adjacent bracket l 16. 


Bracket 1 J 6 bas a lower arm 132 extending downwanl 
and ro the air inlet side of carhnretor 62. Lower arm 132 bas 
a bottom portion B4 bent outward from carburetor 62 to 


2(1 couple to n control system spring 136, Bo1tom portion 134 
has 11 bole 1.38 for control system spring 136 11djacent :i 


positioL1.i.ng groove 140 for the spring. Comrol system spring 
136 is held in position by groove 140 as it hooks through 
l1ole 138. Bracket 116 also ha~ an upper arm 142 extending 


25 fu'sl 0tt1ward from carburetor 62 and then venicnUy and to 
tl1e outlet side tifthe carbmetor, Upper anu 142 has a cable 
clamp 144 for holding a Bowden cable 146. Cable clamp 
144 has a flat 1n.idsect:ion and two curved ends contacting 
bracket 116 to bold the midsection slightly apart from the 


3c, bracket. Cable clall.lp 144 is coupled 10 bn1ckc1 1 I 6 by a bolt 
148 extending tltrough a hole in tJ1e midsection Md tJuough 
lipper arm 142 of tbe bracket. 


A levor 150 couples to shaft 112 to acn,ate manual fuel 
shutolT 110, A cup 152 holds lever 150 on shall JJ 2. 


35 Alternatively, lever 150 may be coupled to the shaft 112 by 
welding or slaking. Lever 150 has a first lever arm 154 to 
contact and hold lever 150 against first and second stopping 
111bs 126. 128 or the bracket. Lever 150 ]ms a second lever 
arm 156 to actuate shaft 112. First lever-arm 154 is in p laue 


40 with au opening iu the lever for shaft 112 and secoud lever 
am1 156 extends first outward from carburetor 62 and then 
parallel to first lever arm 154. Second lever arm 156 extends 
outward from carburetor 62 to provide clearance between 
bracket 116 and the seCOlld lever arm for c.ontrol system 


45 spring 136 and screw 122. Second lever arm 156 has two 
holes 158. 160 for coupling cour.rol system spri,,g 136 and 
Bowden cable 146 to lever J50. 


Manual fuel shutoff II 0 operates as a valve within car­
buretor 62 to selectively iu!em1p! Uquid foe.I flow to the 


so engine. Control system sp.riug 136 preferably pulls on lever 
150 to bold manual foe) shutoff 110 in an open valve 
position, and 13owden cable 146 pulls levet 150 agai1iSt 
contl'ol system spring 136 to rotate manual fuel shutolf 1 lO 
to a closed valve position. As such, co11trol system spring 


55 136 holds manual fuel shutoff H O open for gasoline mode 
until Bowden cable 146 is pulled to close the valve for LPG 
mode. A.ltematively, control system spring 136 can hold 
manual fuel shutoff 110 in a closed valve position until 
13owden cable 146 is pulled to open the valve. 111erefore, 


60 actuation of the Bowden cable 146 acts as ::i switch to assist 
in changeover between the dual fuels. Mam1al l'\icl shutoff 
lJ O may rotate 90 degrees between the open and closed 
positions with stopping tabs 126, 128 posit ioned about 
bracket 116 accordingly. Lever 150 can be positioned on 


65 shaft 112 so that second lever arm 156 is pulJed upward by 
a gcnemlly vcnical Bowden cable 146. Second lever arm 
156 may actuate between a position 45 degrees below 
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bo1izontal for aJ1 open valve ru1d a position 45 degrees above 
horizontal fot a closed valve. When holding the valve open, 
1.'0nlrol system spring 136 may be oriented al a right angle 
to second lever arm 156 for incrc;ised leverage. 


14 
tip 180 against plug 184, Compression spring 194 holds 
valve t'iP 180 against inlet 174 of fuel passage 164 in order 
to seal the fuel passage. 


A primary o-rin_g 196 and a secondary o-riog 198 are 
Referring lo FIG. 6. a cross-sectional view or the carbu­


tcTor taken generally about line 6-6 of FIG. 5 is shown, in 
accordance with an embodiment of the invention. Carlmre-


5 positioned around shaft I I 2 to provide a respective rirst and 
second fuel seal between the shaft and plug 184 and to seal 
fi!'l;t end 172 of iumiual ftrel slrnLnlf llO h1 carburetor 62. 
Primary o-ring 196 may be positioned in an o-ring groove tor 62 includes a throat 92 to mix gaseous fuel with air and 


liquid foe! with air. Throat 92 includes a gi:iseous fuel inlet 
poit 162 in conum1uicatioo with gaseous fuel in.let 108 10 


coupled to a set,011d .foe] line 70. Carburetor 62 aJso includes 
float bowl 104 and a fuel passage 164 to provide a liquid fuel 
path from float bowl 104 through a main nozzle 166 into 
w nt1Jri 98. Float bowl 104 hns n liquid fticl inlet port 168 


15 
and a float valve 170 to regulate liquid f11el flow th.rnugh 
liquid fuel inlet port 168. Liquid fuel iitlet port 168 is in 
commuoici:iuou wit11 the liquid fuel inlet 106 coupled to first 
fuel line 66, 


Mauual fuel shutoff 1 IO couples to carburet~1r 62 10 2(1 


regulate liquid fuel flow downstream of float bowl 104. 
Manual ft1el shutoff 110 mtachcs to carburetor 62 to close 
fnel passage 164 upon selection of engine operation to 
gaseous fuel. Manual fuel shutoff I 10 may have a fin;! end 
172 positioned it1 carburetor 62 adjacent an inlet port 174 to 25 
fuel passage J 64, and the first end J 72 actuute~ to close fuel 
passage 164. That is, first end 172 actuates b¢tween .i first 
position to pennit fuel flow into fuel passage 164. as shown 
m FIG. ~A. and a second position to prevent fuel flow into 
fuel passage 164, as sbowu in FIG. 8 . 3c, 


Referri11g back to F1G. 6, maomtl foci sbutoff 110 bas a 
second end 176 positioned external to carbureror 62 rhat is 
manua!Jy acmated to operate !llanual fuel shutl,ff 110. 
Manual fuel shutoff 110 may bave a rotating sbafl 112 that 35 
extends tl1rough an opening 178 in carburetor 62. A blocking 
member or valve tip 180 couples lO shal'l 112 in carburetor 
62 ro ci·eatc11 valve-shaft assembly 179. Valve tip 180 rotates 
parallel to inlet 174 off-uol passage 164 hetwee11 a blocking 
positioo and non-blockiog positioo to selectively hlock foel 40 


Aow into fi:1cl passage 164. Lever 150 couples to shaJi 11 2 
external to c,irburetor 62 and actuates to rotate sbaft 112 and 
valve tip 180. 


Sha11 112 may be horizontal or substantially horizontal lo 
allow valve tip 180 to be posi1ioncd directly i11 f1oa1 bowl 45 
104 adjacem inM port 174 of foel passage 164. That is. 
rnaoual fuel shutoff Jl() may he coupled ro carburetor 62 
sucl1 lliat second end 176 is hori:.,;ontal from first end 172. 
lltlet 174 of fuel passage 164 can face botizontal or sub­
stantially horizm1tal to acco=odate valve tip 180 ill float 50 


bowl 104. As such. fi.1el pass:ige 164 may have a horizontal 
component that receives f\,d fn,m float bowl I 04 leading to 
a vertical component to provide fuel lo venturi 98. The 
interior surface of the float bowl 104 may also have a recess 
or cavity 182 to provide room for valve member 180 in the 55 
bowl. 


Opening 178 in carburelor 62 has a plug 184 to bold shall 
112 and prevent foel tlow out of the carburetor. Shaft 112 
extends through a hole 186 in plug 184 .mu hole 186 is 
positioned to ,ilign valve tip 180 wiUl fuel passage 164. Plt1g 60 
184 bas a larger outer diameter 188 toword the cx-tcroal s ide 
of carburetor 62 and n smaller outer diameter 190 toward the 
internal side. Larger outer diameter 188 and smaller outer 
diameter 19(1 mate with corresponding diameters or ope.ui.11g 
178. Plug 184 has a eounterbore 192 to bole 186 on the 65 
external side or the plug. A comprei;sion spri11g 194 is 
positioned around shaft 112 in Amit bowl !04 lo push valve 


200 iu shaft 112 and secondary o-ri11g 198 may be positioned 
in counterbore 192 of plug 184 . A bnicket 116 or other 
support member mou11ts over counterbore 192 aud around 
shaft 112 to hold secondary o-ring 198 in collllte.rbore 192. 
Bracket 116 has an opening 124 large e11oug.h for sba.fl 112 
but small enough to hold secondary o-ring 198 in oouuter­
bore 192. Mantrnl fbel shntolf 110 actuates in a n)talive 
morion free from linear motion in part to ensure fuel will not 
leak through primary o-riug 196 or secondary o-ring 198, 
Compared to a sliding valve. a rotat ing valve, ;uch as 
m,mual fut-I shutofi' JJ0, reduces the likelihood that fuel will 
leak from carburetor 62. 


Liquid fuel cnt-off 72 may regulate Juel -Jfow through 
multiple .foe] passages in carburetor 62 that provide ft1el 
from lloat bowl l 04 to the engine. For instauce, carburetor 
62 may have a maio fuel circuit 202 and ru1 idJc foe! circuit 
204. Main fuel circuit 202 provides fuel Lhrougb main 007,z]e 
166 into a narrow porliou ot' vcnturi 98. Idle foe] circuit Z04 
provides fuel t-o throat 92 downstream from the throttle 
valve. Liquid fuel cut-off72 may regul;.tte fuel flow through 
some ,1r all or the fild circuits that pnwide fhel. from float 
bowl 104 to tbe enii.ne. FIG. 6 shows an embodiment where 
idle foe! circuit 204 brallches off from maill foe! circui1 202 
Md liquid foe] cut-off 72 actuates 'lo block foci lfow into 
both main fuel circuit 202 and idle fuel circuit 204. In other 
embodiments, liquid foe] cut-olf 72 closes main Ii.le! circt1it 
202 while small amounts of liquid fuel pass through idle fuel 
circuit 204. Fuel passing through idle foel circuit 204 may 
not J1cg;.1 tivdy alfect engine performance during U>G opera­
tion 'but will eventually dmin tbe gasoline tank. 


Referring to FIG. 7 A, a partial sectional view of a float 
bowl shows a manual fuel shuto ff system in an open position 
for gasoline mode. in ac.cordance with au embodiment of the 
invention. The partial sectional view is taken through a 
portion of Boat bowl 104 a.long fuel passage 164 while 
showing another portion of float bowl 104 in front of fuel 
passage 164 and coupled to manunl fuel shutoff 110. Inlet 
J 74 to fuel p.issage J 64 is in a boss 206 extending outward 
from a central region of noi:it bowl I 04. Boss 206 has an oval 
fop with sides that extend to the tloor of f'loat bowl J 04. ln.let 
174 to t\Jel passage 164 extends through boss 206 aud has a 
substantially fiat perimeter edge 208 around inlet port 174 
on the surface of the boss. M3uual fnel shumff 110 presses 
flg'ainst s11bst11ntially flat perimeter edge 208 surrounding 
foel passage 164 to block f1-1el flow into fuel passage 164. 


Manual fuel shucolf II O may have a rotating shaft J 12 
extending through an aperture 178 in float bowl 104. Sha:ft 
112 has a first end 210 coupled to valve tip 180 and located 
il1 tloal bowl 104 tbat is beld agaiust inlet port 174 lo fuel 
passage 164. Shan 112 rotates valve tip 180 ag11inst in.let 
pL1rt J 74 bet weeo a first position I 80(a) allowing foel now 
throug.h the inlet port 174, as shown in FJG. 7A, aod a 
secoud posi tiou 180(b) blocking fuel !low through tJ1e inlet 
port 174. as shown in FIG. 8. That is, valve tip 180 uncovers 
the inlet 174 offoel passage 164 to permit fuel flow into the 
inlei 174 when rotated to first position 180(a). FIG. 7A. aud 
covers in.let 174 offoel p::issagl! 164 tu prevcn1 fuel !low into 
inlet 174 when rotated to second position 180(b), FJG. 8. 
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Referring back 10 PlG, 7A. thcmrumal foel shutoff system 
Further includes bracket 116 10 suppt1rt sba ii 112 in tloat 
bowl 104 -mid provide rnow1ti.ng lot.,1tio11s for manually 
operated control system 114. Bracket 11 6 also bas a pair of 
stopping wbs 126. 128 lo bold the manua l fuel shutoff II O 5 


in an open or closed position. Shaft 112 extends thmugh 
bmcket 116 and lever 150 couples to a second end 212 of 
shall 112 locmed outside of float bowl 104. Coutrol system 
spring. 136 couples lever 150 10 bracket 116 lo hold lever 150 
agai1tst stopping tab J 26 aud hold manual fuel shuto[ 110 in 10 
the open positio11 for gasoline mode. Bowden cable 146 
couples to lever ISO to pull against control system spring 
136 and rotate manual fi.1el shutoITllO to the CIO$ed position 
for LPG mode. A.s such. second end 176 of manual fuel 
shutoff 110 is positioned external to float bowl 104 and 15 


conpled to manually ~1pcr<1tcdcontrol syStl:'lll 114 to op.,.rate 
manua l l'uel shutoff 110. 


Referring to FlG. 713, a de1ailed partial sectional view Qf 


the Roal howl of FIG. 7A taken along line 78-78 shows a 
nrnnual fuel shntofr i11 an open position for gasoline mode. 2<, 
in accordance with an embodiment of the inveuliou. Float 
bowl 104 includes boss 206 through which fuel pass;ige 164 
extends and having a subs1an1ially flat perimeter edge 208 
st1rrou11ding inlet J 74 to foel passage 164. Substantially flat 
peri.mete.r edge 208 preferably has n Oat finished surface for 25 


improved scnling agninst valve tip 1.80. Valve tip 180 
maintains planar cou1nct with subs1aut1ally flat perimeter 
edge 208 while rotating betweeu an open position permitli.ng 
fuel flow i.uto inlet 174 and a closed position blocking fuel 
now into inlet 174. As such, valve tip 180 mtatcs porallcl 10 3c, 
irtlet 1.74 of fuel passage 164 between 1he open or first 
posi1ioo I80(a) and closed or second position 180(b). fIG. 
8. 
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lever rum i11side of the generator housing for actuating 
Bowden cable 146. PIG. 8 . Alternatively, Bowden cable 146 
may I.Jave a push-pull knob located on an external surface of 
Lhe generator housing to independently acn,ate manual fuel 
shutoff llO. In either case. manual fuel slrntoll' 110 can 
attach to the carburetor to close fuel pa,;sage 164 down-
stream from float bowl 104 upon actua1io11 of the mechanical 
foel lockout switch 38. FIG. 1. from liquid fuel to gaseous 
fueL 


Referring to FIG. 9. a perspec1ive view ofa shall for the 
manual fuel shutoff system of FIGS. 5-8 is shown, i.u 
acc~1fdatlCe with nn embodiment of l.h.e invention, Shaft 112 
has two "I)'" shaped ends ead1 located at a re.~pective first 
end 210 and second end 212 of the shaft. Shalt 112 also bas 
a first diameter 220 (llld ::i larger second diameter 222 each 
ei\."tcoding radially from sbaft 112 outward beyond the two 
"D" shaped .:nd8. First d iameter 220 aud second diameter 
222 ar'e separated by o-ring groove 200 with first diameter 
220 toward firsl end 2111 of shaft 112 and second diameter 
222 toward second end 212 of sha ft 112. First cliameter 220 
also has a groove 224 for a re1ainiog ring, Lever 150, FJG, 
8, bas a "D" shaped opening to fit 011 the second end 2U of 
shaft 112 and held against tbc second d iameter 222. 


Referring 10 FIG. 10. a side view of :'.I valve u1e.mber for 
1he m,l.llual fuel shutoff system of FIG. 5-8 is shown, in 
accordance with an embodiment oftbe i1Jvention. Valve tip 
180 has a Aat surface 216 to sen! and rotate agaiusl a mating 
surface in the carburetor. Valve tip 180 is preforably made 
from polyoxyrnethylene (POM) or other thermoplastic 
material lo provide a surface sujtable for scaling. Valve rip 
180 may be shaped as a stadium 214 witJ1 a short direction 
226 and a long direction 228 eJ<tending from a c.:nter or 
rol.ttiou 230. 771e long direction 228 rotates over inlet 174, 
FIG. 8. to selectively block lt1el passage 164. As ~ucb, valve Referring again 10 FIG. 7 13, valve t ip 180 may comprise 


ru1 oval or st,,dinm 214 baviug a flat surface 216 Lhat contacts 
perimeter edge 208 around inlet 174 of file! passage 164. 
Valve tip 180 may have a recessed portion or cutout 218 in 
the !fat su:rfoce 216 to provide a flow passage through 1he 
valve tip. Fuel flows through the cutout 218 into the inlet 174 
of foe! pass.ige 164 when cutout 218 is aligoed wi th iulet 
174. That is, cutoul 218 in valve lip 180 aligns wi th inlet port 
174 when valve tip 180 is rotated to 'the open position such 
that Ii.tel can pass from float bowl 104 through cutout 218 
into fuel passage 164. Cutolll 218 in valve tip 180 is 
strategically pos itioned in a narrow portion of sta<li wn 214 
so a long por1io11 of st.aditu11 214 can be rotated to cover and 
block tnkt .174. Valve tip 180 may comprise one of maoy 
shapes including n stadium. an oval. a disk, a rectangle. an 
irregular shape. among others. 


35 tip 180 may rotate less than 360 degrees between the open 
and closed posilions. a.ud valve tip 180 rotates substautially 
90 degrees between tbe pos-itious in an exemplary embodi­
ment of the inve111ion. 


Referring to FIG. 8, a partial sectional view of a float bowl 
shows a tn:l.lrnid foel shutoff system in a closed position for 
LPG mode, in accordanct: with an embodimeu1 of the 
invention. Valve t ip 180 pushes against inlet 174 to fuel 
passage 164 to seal the inlet when in second position 180(b). 
Valve tip 180 may have a stadium shape 214 with a cutout 
21 8 iu the narrow portfon of the stadium to provide a flow 
passage. Valve tip 180 blocks foe! flow into fuel passage J 64 
when the cutout 218 in valve tip 180 is rotated away from 
in let 174 of fuel pas~-age 164. Cutout 218 may face down­
ward when io the closed position aud ht1rizom,d when iu the 
open positioo. Lever 150 couples l'o shaft 112 outside of float 
bowl 104 and is oe1uated by Bowden cable l46 10 operate 
manual foe! sbt1tolf 110. 


Bowden cable 146 may be coupled to mechanical fuel 
lockout switch 38. F]G, 1, to automaticaJJy open and close 
manual luel shu101T 110 upon select:iun of a corresponding 
rue! sow·ce. MechaniCfll fuel lbckout switch 38 may have a 


Referring back to FIG. 10, cutout 218 may be located 
40 ak1og a straight side of stadium 214 to create a flow passage 


through valve tip 180. Cutout 218 may lrnve a depth less than 
the truckness of stadillJll 214 or may extend through the 
thickness of the stadium. Cutout 218 may be a half circle 
with tangent side componems ex.1end.ing pe!JlendicuJar to a 


45 straightcdgeofstadimn 214. through asideot'valve1ip 180. 
Cutout 2 J 8 may extend into valve tip 180 shon ofthe ceu1e.r 
of stadium 2l4 and positioned slightly offset nlong tbe 
length of the stadium from the stadium center. 


Valve tip 180 may have a "D" shaped opening 232 to 
so press omo shaft lU of FIG. 9, defiuing center of rotation 


230. FIG. 10. Center ofrota1ion 230 may be equal distance 
from straight l'clges of stadium 214 and positioned between 
cutout 218 and a rounded end of the stadium that is the 
closest round....>d end to tbe cutout. Cutout 218 is askew from 


55 center of rotation 230 along the lougthofstadium 214 in part 
to cover more distance when rotated away from inlet port 
174, FIG. 8 . lo addition, valve tip 180 is positioned off 
ceuter ou sbafl 112 to increase the length of loug direction 
228 from center of rotation 230 thut is rotated to cover in.let 


60 pl1rt 174. 
Referring to FI.G, 11. a perspective view of the carburetor 


orr:1G. 5 wid1 the manual Ji.tel sbutoff systen:i exploded from 
a floa1 bowl of the e~1rburetor is shown, in accordance with 
an embodiment of the inventfon. Carburetor 62 has a throat 


65 92, a fl.oat bowl 104, and a fuel passage 164 from float bowl 
I 04 10 an oulle l port 234 in throat 92. Manual fuel sbutoJT 
110 includes sbail 112 having first end 210 to be positioned 
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in float bowl 104 and a second end 212 to be positioned 
exterual to lloat bowl 104. A primary o-ring 196 installs on 
shall 112 and positioned in ,mo-ring groove 200 in shaft 
112. A relaiuing ring 236 installs on sbalt 112 in a groove 
224 toward first eud 210 from o-ring groove 200. Compres- 5 


sion spring 194 installs 011 shall 112 followed by valve tip 
I 80 pressed onto first end 210 of shaft 112 creating a 
valve-shaft assembly 179. Orientation of valve tip 180 is 
controlled by a "D" shaped ht1le 232 in valve tip 180 mating 


10 wil11 a "D" shaped end of shaft 112. 
Plug 184 installs 011 shaft 112 pushing compression spring 


194 against valve tip 180. Primary o-ring 196 seals between 
shal'I 112 and plug 184. Valve-shall assembly 179 inserts 
through opening 178 in float bowl 104 and plug 184 presses 15 
into the opening. Ping 184 anchors in opening J 78 so that 
compres~ion ~piing 194 holds valve tip 180 against fuel 
passage 164 , Secondary o-ring 198 installs around shaft 112 
to seal between the shall and plug 184. Secondary n-ring 198 
muy be positioned in a CO\lllterbore 192 in plug J 84 . Br4cket 20 


116 couples to float bowl 104 and holds secondary a-ring 
198 positioned in cmuiterbore 192. Bracket 116 may be 2.0 
mm thick and stamped from Q235 grade steel. A pair or 
screws 120, 122 eacb haviug a spring lock washer 238, 240 
extend thmugb a respective hole 242, 244 i11 bracket ll6 to 25 


mount bracket )16 to c-.irburetor 62. Screws 120.122 may be 
M5 screws. A spacer 246 iustalls on shaft 112 and against 
bracket 116. 


Lever 150 couples to shafl ll2 and held apart .from 
bracket 116 by ~pacer 246. Shaft 112 has n "IY shape at 30 


second end 212 U1at is inserted into a conesponding "D" 
shaped opening 248 io lever 150. Tbe Ol-icot.itioo of lever 
150 is controlled by "D" shape hole 248 in lever 150 mating 
witlia ''D" shape eud i>f shaft 11 2 . Lever 150 may be 1.5 01111 


thick and stamped from Q235 grade steel, Cap 152 presses 35 


onto shaft 112 to hold lever 150 on shaft 112-. Conlrol system 
spring 136 attaches to lever 150 and bracket 116 to hold 
manual fuel shutoff 110 opeu. Cable clamp 144 cMples 10 
bracket 11 6 by bolt 148. Cable clamp 144 bas a tab 250 at 
oue Qr botb ends tl]at fits i.ot~1 a corresponding slot l1f recess 40 


252 in bmcket 116. Cable clamp 144 also has a midsection 
with a notch 254 to pinch and hold Bowden cable 146 to 
bracket 116. Bowden cable 146 is held by cable clamp 144 
and attaches to lever 150 to actuate manual fuel sbutofl:' 11 0 
to t11e closed positiou. Fue l drain screw 130 and dmin screw 45 


spring 256 insen into carburetor 62. Jo one embodiment. 
dmio screw spring 256 is tbc same type of spring used for 
compression spring 194. 


Reforriug to FTG. 12, and with continued reference back 
to FIG. 11, a method of fabricating a manual fuel sbuto:ff so 
system for a carburetor is shown. in accordance with an 
e111bodi01e11t of the invention. Procc-ss 300 begi11s by pro­
viding carbLiretor 62 at STEP 302. Process 300 continues 
wi tJ1 making a valve-shaft assembly 179 at STEP .304, wiU1 
viilvc tip 180 pressed onto shaft 112. Also in STEP 304, a 55 


compressio11 spring 194 is stalled o.n shaft 112 ~md primary 
o-ring 196 is insttilled around shaft 112. Process 300 con­
tinues by installing plug 184 on valve-sbaft assembly 179 at 
STEP 306. Next. valve-shaft assembly 179 is inserted 
through opening 178 in float bowl 104 w1cl plug 184 i~ 6U 


pressed into the opening at STEP 308. Process 300 continues 
at STEP .3 10 by installing secMdary o-ring J98 in a groove 
on plug 184. Next, bracket 116 is coupled to float bowl 104 
of ,,arburetor 62 in STEP 312. Process 300 continues at 
STEP 3 14 by installing lever 150 onslmft 1'12. Next cap 152 65 


is pressed onto shaft IJ 2 to bold lever 150 to shaft U 2 iu 
STEP 3 16 . ln STEP 318. control system spring 136 is 


18 
installed 011 lever 150 and bracket 116. Also, i1, STEP 318, 
Bowden cable 146 is attached ll) lever l50 10 nc1ua1e shaft 
112. 


Reforring 10 FJG. 13. a magnetic fi.icl shutoff system for 
a carburetor is shown. in accordance with an embodiment of 
tl1e inveution. Magnetic fuel shutoff ~ystem 320 couples to 
the carburetor to provide a magnetically acnmted liquid fuel 
c11t-0Jf for the internal combustion engine. Magnetic fuel 
shuto!J system 320 controls liquid Ii.tel flow through a fuel 
pa~sage leading from tbe float bowl to the throat in the 
carburetor. Magnetic fuel shutoff system 320 t.-an be 111anl1-
a1Jy actuated between an opc11 positiou 10 al.low gasoliDe 
flow ro the engine for gasoline operation and a closed 
position to prevent gasoline flow to the engine for LPG 
operation. 


Magnetic fuel shutolf system 320 includes a ht)Using at 
least partially enclosing the liquid fuel cm-off. Thal is, 
magnetic fuel shutoff system 320 has a first section 322 
11ousing magnetic rw:I shutoff 324 and a second sect·ion 326 
housing a manually actuated magnet 328 to or,erate the 
magnetic fuel shutoff: First sectiou 322 has a forward wall 
330 and a back waU 332 with tl1e forward wall facing 
internal 10 the carburetor. Forward wall 330 has a flange 334 
around an omer perimeter for coupfo1g 10 the carburetor. 
Forward wall 3JO also bas an opening 336 through which a 
plunger 342 of the miigDetic fuel sbutoff324 exteuds into the 
carburetor. A lip .B8 extends forward fh.1111 forward wall 330 
muundopeniog336 and an o-ring 340 is installed around lip 
J38. Flange 334 may be mounted to a plug iu an. opening of 
the carburetor with magnetic rue! shutoff 324 entering the 
carburetor through a hole in t11e plug. 


Pirs1 secfo.m :\22 provides a sealing member enclosing 
plunger 342 of magnl'tic Juel shutoff 324 to the carburetor 
aud holding fuel in the carburet~H- Tbe plunger 342 extends 
through opening 336 iu forward wall 330 with a poi11ted end 
that is selectively inserred into a fuel supply path in the 
carburetor to block foe! tlo-w downstream from the float 
bowl. Magnetic fuel shtno.!J 324 lrns a back plate 344 
coupled 10 plunger J42 in first section 322. Plunger 342 
exteods perpendicular from a forward foce of back plate 344. 
A spring 346 pushes a back face of back plate 344 against 
back wall 332 to pus.b plunger 342 through opening 336 in 
forward wall 330 to block the fuel supply path in the 
carburet-or. Accordingly. the first section 322 holds the 
spring 346 against the plunger 342. Magnetic fuel shutoff 
324 is guided through its acmation by back plate 344 slidi11g 
lhroug.h lirsl section 322 ,md plunger 342 lhrougb opening 
336 in forward wall 330. 


Second section 326 couples to first section J22 and is 
located bell.ind back wall 332. Second section 326 eacloses 
a11 actuating magoet 328 to selectively puJI magnetic foe! 
shutoff 324 agaiJ1st spring J46. Second section 326 prefer­
ably guides actuating mag.net 328 along a pafu perpendicular 
to tliat of mag11etic foe) sl1utoff 324 . As sucb. 1l1e magnetic 
force lo pull magnetic fuel shutolf 324 to a11 open valve 
position is U1e strongest whCll acll.lating magnet 328 is 
alig11ed with !he path of magnetic fuel shutoff 3 24. Actuating 
magnet ]28 pulls magnetic fuel s.lrntofl' 32.4 against spring 
346 when actuating magnet 328 approaches magnetic fuel 
shutoff .324 and releases magnetic fuel shutoff 324 while 
traveliag away from magnetic fuel shutoff 324. Actuating 
magnet 328 may comprise a ra.re-ear(]1 or other peanauent 
magnet. 


ln an exemplary embodiment of the invention, magnetic 
foe] shutoff 324 actuates horizontally between an open 
position to perlllit [ucl flow into a fuel passage in the 
carburetor aud a closed positioned lo prevent foel flow into 
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the fuel passage. Actuating magnet .328 preforably follows a 
vertical path an<l a spring 348 couples to a top of second 
section 326 pushing downward on actuati11g magnet 328. 
Bowden cable 146 couples to the top of second section 326 
and tn tictuatlng nu1gnet J28 to pull U1c magnet vertically 5 


against spring 348 and operate magneric fuel shutoff system 
320. 


closed lo preve11t continued gasoline !low to the engine after 
combination switd1 356 stops power supply to spark plug 
362. 


ln one embo<liment of lhc inveutioll, combinati,on switch 
356 can operate as a kill switch only for gasol ine operalion. 
That is. combination switch 356 can be decoupled from 
mngneto 76 by foe! switch 354 so that combioation switch 
356 cal.1llot be actuated to shut down the engine during LPG 
operation. In aootber et.nbodimeot of the invention, combi-


Referring now to PIG. 14. a wiring diagram of a micro­
conlroller 89 receiving input signals and operating engine 
compouent.s is showu. according lo aJ1 embodiment of tbc 
iuveution. M.icrocontroller 89 doses fuel cul solenoid 74 
when lhe engine operates on LPG and opens the fuel clll 
solenoid tu operate the engine on gasoline. For LPG mode, 
microcontn1ll1c>r 89 switches on pow1c>r to fiJeJ cut sol1c>noid 74 
to close the ~olenoid preventing the engine from drawing i11 
gasoline from the flof11 lx)wl of the carburetor. During 
shutdown from gusoliue opertlliou, microcontroller 89 can 
ulso power fuel cut solenoid 74 to a clt)Sed position pre­
veuting additi()nal ga$oline be.iog dn1w11 into the engine. 
While microconlroller 89 can operate fuel cut solenoid 74 
operating .in a normally open coufigwation, microcontroller 
89 can also oper&te a fuel cut solenoid operating in a 
nomially closed confignrntiou. 


10 nation switch 356 cun operate as a kill switch. for both 
gasolin.e operation aod LPG operation. DllJ'iog LPG opera­
tion. combimrtion switch 356 may actuate fuel switch 354 
with actuation of combination switch 356 to ground mag-


15 
11eto 76 and hlll lhe cngiue. 1hat i~, combirn:ititm switch 356 
connects first point 364(a) to sect111d point 364(b) -ind also 
actuates foel switch 354 10 connect fourth cootact 360(d) to 
sixth contact 360(/) so thot magneto 76 is coupled (~) grotind 
tenninal 358 killing the engine. At the same Lime, combi-


20 natioll switch 356 counects third poim 364(c) to fourth point 
364(d) so that fuel cut solenoid 74 maintains coru1ection to 
ground terminal 358 to reruain closed even 1hough fuel 
switch 354 interrupts coru1ection between fil'st contact 360 
(a) and seco11d contact 360(b). 


M.icrocontroller 89 may include a module 350 lo connect 25 
fuel cut solenoid 74, charging coil 78, switches and a ground 
tenninal. Module J50 has a first connection 352(a) to couple 
fuel cul solenoid 74 and a second connection 352(b) 1·0 
couple charging coil 78 lo power llle fuel cut solenoid. Fuel 


Microooutroller 89 may also include a Vollage Frequency 
and Low Oil Shutdown (VPO) rnodule 366. Vl'O module 
J66 can measure parameters of an a lternator driven by an 
engine in a generator. v'FO module 366 monitors altemator 
voltage and frequency by Jeceiving an input signal 368 from 


cut solenoid 74 may be cm1pled 10 a focl s1Vitch 354 and a 
combina tion switch 356 tl1at are also connected to module 
350 via ;:, third c,muccrion 35:Z(c). Fuel switch 354 cbaug~~ 
operation of the engine between LPG ::ind gasoline, and 
combination switch 356 can operate to kill the engine. J\ 
ground terminal 358 connects 10 module 350 via a fourth 
connection 352(d) in order to ground fuel cut solenoid 74 vfa 
fuel switch 354 or combination switch 356. 


In LPG mode. foci switch 354 connects a first contact 
360(a) 10 a secou<l contact 360(b), iustead of third contact 
360(c), to complete ao electrica.l circuit for fuel cul solenoid 
74 by connecting the fuel cut solenoid to ground tem1inal 
358. A fuel cut solenoid 74 operating in a normally open 
coufiguration is therefore powered nnd closed to prevent 
g,1soline flow from the foe! bowl oJ the carburetor to the 
engine. Fuel switcl1 354 a lso couoects a fourth contact 
360(d) [0 a fifl11 contac1 J60(e), instead ot' sixth contact 
360(/), lo prevent combirn1tion switch 356 from grounding 
magneto 76 thereby main1aining power to spark plug 362, 


[n g:isoliue mode. fuel switch 354 com1ects first coutact 
360(a) to third contact 360(c) to interrupt au electrical 
circuit for fuel cut solenoid 74 by d1sco1mectio.g the fuel cut 
Sl)knoid fn1m grotmd terminal 358 . .'\ fuel cut solenoid 74 
operating in a llOr111ally open configuratio11 is therefore 
unpowered and opened to allow g.isoline flow from tbe fuel 
bowl of the carburetor to the engine. Fuel switch 354 also 
collJ1ects fourth contact .l60(d) to sixth contact 360(/) 1·0 
allow combination switch 356 to ground magneto 76 upon 
shutdown thereby intem1pting power to spark plug 362. 


Combination switch 356 can actuate fuel cut solenoid 74 
upoo engine shutdown from gasoline operariou to prevent 
after-fire. That is, combination switch 356 connects a first 
point 364(a) to a second point 364(b) to kill the eogine by 
connecting magneto 76 10 groui1d tennin::i l 358. At the same 
time, combination switch 356 connects a third point 364(C') 
to a founh poiut 364(d) completing au electrical circuit for 
fud cut soknoid 74 by coru1ecting the sol1,noid to g1-ow1d 
terminal 358. Fuel cut solenoid 74 is then powered and 


3c, the al te111ator. Input signal 368 is 120 VAC and 60 If.£ fro 111 
the alternator as a moniloring point for VFO module J66. 
VPO module .366 allows the .:ngjue re, tun jf alt.:11.1.:ilor 
parameters are within preset limits and slrnts dowo the 
engine if the parameters are ouL~ide the limits. VFO module 


35 366 can also monitor oil vohune \>,'itbin the engine by 
!'eceiving ,in input signal from an oil level switch 370 shown 
in the wiring diagrum engine block 372. VFO module 366 
may allow tbe ~ngine 10 operate only if the oil volume is 
greater lh!lil a preset lower limit and Clltl shutdown the 


40 engine by i11itiating coonectiou between the igo.jtion coil or 
magneto 76 and ground lem1inal 358. 


Beneficially. embodiments of the invention provide for a 
fuel lockom switch to ensure that two fuels are not simul­
taneously delivered to a dual foe! internal combustion 


45 engine and to efficiently convt:rt operation of the engine 
between the lilel sotu-ces. Embodiments of the invention also 
provide for a dm1l fuel generator witb a remotely mouoled 
gaseous fuel regulator system. Embodiments of the inven­
tion also provide for ,1 bal,eryless dual fuel internal com-


so bustion engine having a liquid fuel cul-off coupled lo a 
carburetor to selectively it1lermpt liquid fud. 


'11,creforc, according to one embodimcnt of the invention, 
a <lual fuel engine includes an engine opernble on a gaseous 
foe! ~md a liquid foe! aJ1d a switch to chuuge operation of the 


55 engine between gaseous fuel and liquid fuel. l11e dual fuel 
e.ngine also includes a carburetor attached to an intake ofthe 
engine to mix air ru1d foel and connect to a gaseous foe! 
source and a liquid fuel source. A liquid fuel cut-o.tl' at1acbes 
to U1e carburetor to iute.iTupt liquid fuel upon act11ation of the 


61J switch from liquid fuel to gaseous 1'i.1el. 
According to anolher embodiment of the invention, a 


ba11erylcss dual fuel generator includes a housing coolaiuing 
a pull stan ei1gi11e coupled lo drive ::in alternator, the engine 
operable on a gaseous fuel and a liquid file!. A carburetor 


65 attaches to an intake of the enS1.ine and includes a throat to 
mix fuel wit11 air. a Boat bowl. ;od a foci passage lo provide 
liquid fuel from Ute 0oat bowl Lo the tJirom. The generator 
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also includes a foe! shutoff attached to the carb\Jretor 10 close 
the foci p::issage upon selection of engine operation 10 
gaseous fuel. 


According to yet another embodiment l,f the inveution, a 
carburetor having a fuel shutoff includes a carburetor with a 
float bowl, a throat, and a fuel passage to provide foe) from 
the float bowl to the throat. The carbureror further includes 
a fuel shutoff coupled to the carbure tor having a firsl end in 


22 
ro control liquid fuel flow to the engine and is powered by 
the elect1ical power generator. 


7. 111e dual fuel engine of claim 6. wherein the switcl1 
selectively powers the solenoid valve by controlling elec-


5 trical connection between the solenoid v,1lve ,1ud the clec-
1rical power generator. 


8. The dual foe] engine of clai111 6. whurein tbe solenoid 
valve is uonually open to provide liquid fuel 10 the engine 
wheu the solenoid valve is lU1powered.. the carburetor that actuates to close the li.1t:l passage ,m<l a 


second end external to 1l1e carburetor to actuute the tlrst end. tu 9. The dual foe! eugiue of claim 8, wbereiu a pull-starter 
drives the electrical power generator to power and close the 
solenoid va.lve while starting the engine on gaseous fuel. 


10. The dual foe] engine of claim 6, wherein the electrical 


15 
pmver generator comprises a magneto or an ahemator 
coupled ro a voltage regulator 10 provide a rogu1atud voltage 
10 the solenoid valve. 


and the fuel shutoff call actual'e free from lillcar mm ion. 
According to yet anotlier embodi1J1ent of tl1e invention, a 


method of assembling a dual fuel engine includes providing 
an engine operable on a gaseous f-uel and a liquid foel. Tbe 
method also includes attaching u carburetor to au intake of 
the engine. (he carburetor includes a th.rom 10 mix gaseous 
f-uel with air and liyuid fuel with air. a f:loat bowl, a.ad a fut:! 
passage to provide liquid foci from the lloat bowl 10 the 
throat. The method also includes coupling a switch to the 
engine to change operatil1n of tl1e engine between gaseous 
fuel and liquid fuel and attaching a liquid fuel cut-off to the 
carburetor to close the fuel passage upon actuatioll of the 
switch from liquid fuel to gaseous fuel. 


IL 111e dual li.1el eugi.oe of claim 6, wbereiu the solenoid 
va.lve is open to provide liquid fuel to the engine when the 


20 solc11oid valve is powered.. 
12. The dual fuel engine o:l' claim 11, wherein a pull­


st11rter drives the electrical power generator to power and 
open the solenoid valve while starting the engine Oil liquid 
foel. 


13. 'The dual fuel engine of daim 6 forther comprising a 
microcontroller to close the soleuoid valve when the engine 
operale6 011 gaseous fuel and open !he solenoid valve lo 
operate the engme on liquid foel. 


This wri11en description uses examples 10 disclose the 
iuvention. including the best mode. and olso to enable any 25 


person skilled iu the art to practice the invention. including 
making and using any device..~ or systems and perfom1ing 
any inc.orporated methods. The patentable scope of the 
invention is defined by the claims. and may include other 
examples that occur to those skilled in the an. Such other 
examples arc intended to be within the ~cope of the claims 


14. Tue dual fuel eugine of claim 13, wherein the micro-
3Ct controller cfoses the solenoid valve during l'ngiue shutdown 


from operation oil liquid fuel. 
if they have stn,ctur,tl ek,Oleots 1bat d<., uor differ from tbe 
literal lang1iage of the claims, or If they include equivalent 
stn,1c1u1-al eleinent~ with iusubstan1iul differences 1n.1m the 
literal languages of the claims. 


15. The dual fuel engine of claim 1. wbet<>ill lhc liq\iid 
fuel cut-off is manually aelmlled to interrnpl liquid Juel. 


16. 'J11e dual luel engine of claim 1, wherein the UqLLid 
35 fuel cUl-otr actuates to intem1pt liquid fuel free from linear 


What is claimed is: 
1. A dual foel engine comprising: 
an engine operable ou a gaseous Ii.lei and a liquid fuel: 
u switch to change operation of the engine beMecn 


gaseous fuel ,md liquid fuel; 
a carburutor attached lo an intake ofche engine lo mix air 


and foel and co11Uect to a gaseous fuel source and a 
liquid fuel source: 


a liquid fuel valve positioned along a liquid fuel line 
coupling the liquid fuel source to the carburetor: 


a gaseous fuel valve positioned along a gaseous fuel line 
coupling tbe gaseous fuel source to the carburetor; aod 


a liquid fuel cut-off incorporated into the carburetor lo 
interrnpt Liquid foe! upon acrnation of the switch from 
liquid fuel to gaseous fuel. 


2. The dual fuel engine of claim 1, wherein the engine is 
a pull start. batleryless ei'lgine. 


3. Tbe dual fuel engine of clnim I , wherein Lbe gaseous 
foe] is LPG and the liqtiid foe! is gasoline. 


40 


45 


50 


4, The dual fuel CJ1gine of claim 1. where.in the engine is 55 


a p11U-sta1t ellgine having au electrical power ge11erator 1·0 
supply electrical power. 


5. The dual fuel engine of claim 4, wherein the switch is 
an electro-mc:.."Ch-allical switch connecting one fuel source to 
the carburetor and coJ1J1ected to the electrical power geo- 60 
crator: aod 


whereiJl the liquid fiiel cut-off is a soleuoid cow.tected to 
open and close a fhel patl1 to the pull-start engine i11 
response lo reception of electrical power from the 
switch. 


6. The dual fuel engine of claim 4, wherein the liquid fuel 
cut-off is a solenoid valve that operates within the carbu.rutor 


65 


motion. 
17. ·n1e dual fuel engine of claim 1. wherein the liquid 


fuel ct1t-olf comprises: 
a rotating shaft extending through nn aperture in the 


carburetor; 
" fuel seal around 1l1e shaft to seal the aperture: aud 
a blocking member coupled to the shaft in the carburetor 


that rotates between a blocking and a noll-blocking 
position to selectively block a liquid fuel path 10 the 
engine. 


18. 111c dual fuel engine of claim 17 further comprising: 
a lever coupled to the shal't outside !'he carburetor: 
a spring coupled to the lever t~1 hold the blocking member 


in ei ther tl1e blocking or uon-blocking position: and 
a cable coup loo to the lever to pull against Lhe spring and 


rotate the blocking. member to tile other oftbe blocking 
or non-blocking positions. 


19. The dua1 fuel engine of cluim 1, wherein lhe liquid 
foe! cut-off is magnetically act1.1al\.>d to selectively intem1pt 
liquid fuel. 


20. The dual fuel e11ginc of claim 1 further comprising: 
a spring pushing the liquid li.Jel ctit-off to iiltern1pt liquid 


fuel: and 
au actuating magnet coupled 10 the carbtu·etor to se.lec.·­


tively pull the liquid fuel cut-off against the spring 
away fro1u a position intem1ptiog liq11id fuel. 


21. The dual rue! engine of claim 20 f'urtber comprising a 
l10usiog at least partially enclosing the liquid foe! cmofl~ the 
housing including: 


a first section e11closing a pltmger of the liquid foe! cut-off 
to tJtc carbrn~tor nnd holding the spring agaiJJSt the 
plllllgcr: aud 
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a second section coupled to the first section aud enclosing 
the actuating n)agner. 


22. ·11:ie dual fuel engine or claim 1, wherein the liquid 
fuel cm-oJf is physically rittacbed to .:iu outer surface of the 


24 
a second section coupled to the first section and enclosing 


the actuating magnet. 


~~moc 5 


34. The batteryless dual fuel geuerator of claim 23, 
wherein the fuel shmoffis a carburetor cmoff solenoid: .:ind 


wherein !he generator .further comprises: 
23. A batteryless dual fuel generator comprising: 
a 110using contain.iug a pull start engi11e coupled to drive 


an alternator, tht' en~ne opernble on a gaseous fuel and 
a liquid file!; 


a charge winding to generate elecuica l p~1wer 10 oper-
ate the carburetor cutoff solenoid, and 


a carburetm a11acbed 10 an intake of the engine compris- 1u 


a switch ltJ selectively power t11e carburetor cutoff 
solenoid by controlling electrical connection 
between the carburetor Cllll)ff solenoid and the 
chnrge wiJ.1d iJ.1g. ing: 


a throat to mix fuel with air, 
a Float bowl. and 
a fuel passage extending from t11e float bowl to the 


throat to provide liquid fuel: and 
a focl shutoff att::iched to the carbiu-citor to close the fuel 


passage upon selection or engine operation to gaseous 
fuel. 


JS. The batteryless dual fuel generator of claim J4, 
wherein the catb1.1retor cutoff so]enoid is 110TI11ally open to 
provide Liquid .fi1el to the engiue when the carburetor cutoff 


15 solenoid is unpowere<L 


24. TI1e batteryless dual fuel generator uf claim 23, 
wherein the foe! shutoff actuates to close the fue l passage 21, 


free from linear motion. 


36. 111e batteryless dual fiiel geoeratot of claim 35. 
wherein a pull-starter drives the engine operating the charge 
winding 10 power and close the carburetor cutoff soleooid 
while starling the engine on gaseous thcl. 


37. TI1e batteryless dual fuel generator of claim 34, 
wherein the switch is an electro-mechanical switch con­
o.ected to the charge winding aJ.1d collllecti.ng m Je.ast one fuel 
sotu·ce to the curbttretor to selectively control fuel !low from 
the m least one foci source to the carburetor. 


25. The batteryless dual fuel generator of claim 23, 
wherein tl1c fuel shutoff comprises: 


a rotming sbafl extending through M opening 111 the 
carburetor: and 


a valve member coupled to the shall in the carburetor that 
mtales 10 control fuel flow inttJ !he l1.1el passage. 


26. Tbe batteryless dual fuel generator of claim 25, 
wile.rein the vaJve member is posi tioued in the float bowl and 


25 38. The batteryless dual fuel generator of claim 34, 
wherein U1e charge winding is coupled to a voltage regulator 
to provide a regulated voltage to the carburetor cutoff 
solenoid. 


tl1e sliafl extends subs1an1ially hori,...ontal through the open- 3c, 
39_ The balleryless dual 1i.1el generator or claim 34, 


wherein the carburetor cutoff solenoid is open to provide 
liquid fuel to the engine when tl1e t-itrbLu·etor cuttJff solenoid 
is pOW<:rcd. 


i.ng. 
27. The battcryles~ dual fuel g.:cnerato.r of claim 25. 


wherein the valve member lrns a flow passage that aligns 
witl1 the fuel passage lo control fuel flow inttJ 1he fuel 
passage. 


28. Tbe baueryless dual fuel generatorofclaim 25 fu11her 
comprising: 


a co111pn~ssion spring on tl1e shaft in the carburetor 
pushing the valve member lO cJost! the fuel passage; 
.ind 


a plug in the opening sturounding the shaft to l1old lhe 
compression spru1g against the valve member. 


29. Tile battery less dual ti.tel generator of claim 28 further 
comp.rising: 


H lever coupled to the shaft outside the carburetor; and 
a cable coupled to !he lever to actuate the valve n)ember 


to open and close the fuel passage. 
30.111e buneryless dual fuel generator of claim 28 li.111her 


comprising one or more fuel seals within rlie plug to seal 
arouJ.1d the shall.. 


31. Tue batteryless dual fuel generator of claim 23. 
wherein 1be fuel shtltt)ff is magnetically actuated 10 selec­
tively close the Ii.le! passage. controlled by a manually 
actuated magnet coupled lo the carburetor. 


40. TI1e banerylcss dual foe! generator of claim 39, 
wherein a pull-i,taner drives the engine operating t.he charge 


35 winding to power and open the carburetor cutoff solenoid 
while starting the engine on liquid f-uel. 


41. TI1e batteryless dual fuel generator of claim 34, 
wherein 1be switch is a microcl1ntrolkr coufigured to close 
the carburetor c.11tofr solenoid when the engine operates ou 


40 gase...1us fuel and to open ll1e carburetor cutoff solenoid to 
opernte the engine on liquid fuel. 


42. The baneryless dual foe! generator of claim 41, 
wherein the microcontroller closes the carburetor cutoff 
solenoid during engine shutdown :from operation on liquid 


45 foeL 


so 


43. A c11rbure1or having a fuel shuto!T comprising: 
a carbmetor comprisiog: 


u lloat bowl. 
a throat. aud 
a foe! passage extending from the .tloat bowl to the 


throat: and 


32. 1l1e batteryless dual foe] generator of claim 23 further 55 


a fuel shu1off coupled to the c..'trburetor having a first end 
in lhe carbttretor tlia1 actualt'S lo close tbc :fuel pasS'<1ge 
and a second eud external to the carburetor to actuate 
the first end: and 


comprising: 
a spring pushing the fuel shutotfto close tl1e fuel passage: 


and 
an actual ing 111ag_11t:1 coupled to the carburetor to selec­


tively pttll tbe foe! i;butotf against tJ1e spring to opeo the 
t'ucl passage. 


33. The butteryless dual fuel geoertitor of dainJ 32 further 
comprising a housing al least pai1ia11y enclosing the fuel 
shutoff. the housing including: 


a first section enclosing a plunger of the fuel shutoff to the 
c::irburetor and holding. the spring against the ptuo,ger: 
and 


wherein t11e fuel sbuto.ff aclllates free from Linear motion. 
44. The carbltretor havini!. a fnel shutoff of claim 43. 


wherein the fuel shuto:lf is a ~annally actuated foe] shutoff. 
45. The carburetor having u fuel shutoff of claim 43, 


60 wbereio the foe.I shutotf comprises a shaft extending into the 
carburetor through ao aperture in the float bowl and coupled 
to a valve tip in. tbe float bQw] that ro1.ates to open an.cl c)o$e 
tbe fuel passage. 


46. TI1e carburetor having a foe! shutoff of claim 45, 
65 wherein the valve tip rotates parallel to an inlet of the foe] 


pass,1ge betwee11 ::i first position pennilting.fue-1 flow into the 
inlet 3lld a second position blocking fuel flow into the inlc1. 
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47. The carburetor having a foe! shutoff of claim 45. 
where-in the fuel passage has an inlet with a subst::1utia] ly /lat 
perimeter edge and the valve tip mai.nt~1ins planar contact 
with the perimeter edge while rotating to open and close the 
fuel paswge. 5 


48. ·nle carburetor having a fuel shutoff of c laim 47, 
wherein the shaft is substantially horizontal and the inlet of 
the fuel passage faces snbstantfally horizontal. 


49. ·111e carburetor lrnving a fuel sbuto.ff of claim 47 
forther coiuprising: 10 


a plug in the aperture around the shn ft; and 
a crnnpre~sion spring around the shaft in llJe nonr bowl 


pushing against the plug to hold the valve lip againsl 
the perimeter edge of 1he inlet. 


50. TI1e carburetor having a fuel sbutolf of claim 49 15 


f,1rthcr comprising a first fuel se,il between the shaft ,.ind 
plug, the first fuel seal comprising a primary o-ring in an 
o-tin.g groove in tbe shaft. 


SI. TI1e carburetor liaving ,1 fhel shutoff of claim 50 
further comprising: 20 


a second fuel seal beiweeo the shall aud plug, tile second 
fuel seal comprising a secoudary o-ring in a counter­
bore in the plug; and 


l'I support tllember tnounted over the counterbore at,)Lllld 


the sbaft to bold the secondary o-riog in lhe counter- 25 


bore. 
52. ·1111~ carhuretor having a fhel slrnlolT of claim 45 


i'urilier comprising: 
a lever coupled to the sha1l outside of the carburetor; 
l'I Sp.ring coupled to the lever to hold tl1e ftic:1 shutoff 3c, 


opening ll1e fuel passage; and 
a cable coupled to 1be lever 10 ll!Ove tbe lever agai,1s1 tbe 


spring and rotate the fuel ~hutoff to close the foci 
passage. 


53. Tue carburetor having a fuel shurotf of claim 45. 35 


wherein the valve tip comprises thermoplastic. 
54. The carburetor having a foe! shutofl· of claim 45. 


wherein the valve rip comprises one ofaa oval and stadium 
shape. 


55. The carburetor haviog a fuel $hULo.ff of claim 45, 40 


wherein the valve tip l1as a cutmll lliat a ligns with the foe! 
passage lo open the fuel passage. 


56. Tue carburetor having a foe! sbmotf of claim 43. 
wherein tile fuel shutoff eX1e.nds through au opening into the 
float bowl such that the first end actuate~ in the flom bow·] Lo 45 


close the foci passage. 
57. A method of assembling a dual fuel engine compris­


ing: 
providing au engine operable 011 a gaseous foc i and n 


Liquid foel: 


26 
at1aching a carburetor to ru1 intake of the e11gi11e, the 


cmhurelor comprising: 
a throat to 01.ix gaseous fuel with air and liquid fuel with 


air, 
a noat howl, and 
a fuel passage extanding from the float bowl to the 


th.n)at to provide liquid foci; 
coupling a switch to the engine to clwnge operation of the 


engine between gaseous fuel and liquid fuel; a11d 
at1achi.11g a liquid fuel cut-off to the carbL1retor Lo close the 


fuel passage upon actuation of the swi tch from Liquid 
fuel to gaseous Ill.el. 


58. The method of claim 57 further comprising coupling 
a manually operated control ope.rarively ro the li4uid fuel 
cut-off. 


59. The method of claim 57. when:in attacluog th.: liquid 
foe] cut-olT to 01e carburetor comprises.: 


providing a shali. having a valve tip loc-.ited at an end of 
the sbaft; 


installing a compression spring ou Ille sbaJL 
installing a plug ou Ille sha.It so that the compression 


spring. is positioned between the plug and 1he valve tip; 
and 


allchoriog. the plug iu au aperture in tbe carburetor so tbat 
tbe Ct)mpression spiing holds the valve tip to an inlet of' 
the Juel passage. 


60. The method of claim 59, wherein providiug Lhe shaft 
having a valve tip located at au end of Ille shaft comprises 
pressing the valve tip onto tile sbafi. 


61. The method of claim 59 .lilrthcr comprising position­
ing at least one li.Jel seal on the sbafi to seal between the shaft 
aud plug. 


62. TI1e method of claim 59, wherein the shaft rotates the 
valve tip between a first position allowing fi.iel !low into the 
fuel pnssage and a second position blocking fuel now into 
the fuel passage. 


63. ·n1e method of claim 62, wherein tbc valve t ip 
comprises an oval or stadium sbape with a cutout iu the oval 
or stadium shape that aligns with rhe ti.tel passage when the 
valve tip is rotated to the firs! position such that fuel ca11 pass 
through ll1e cutout into Lhe fuel passage. 


64. 'Jtic method of claim 62 further comprising: 
cmipling a lever to Ille shaft: 
attaching a control spring 10 the lever to act11ate tbe shaft 


to one ol'tbe first position and second posit100: and 
anaching a cable lo the lever to actuate Lbe shaft to the 


other of the fu-st positiou aud second position. 
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My invention relates to fuel systems for in­
ternal combustion engines, and has particular 
reference to a fuel system embodying the sup­
plying of liquid fuel and gaseous fuel to an en-


5 gine in alternation ·at will. 
In the copending joint application of David E. 


Day and myself, Serial No. 494,328, flied Novem­
ber 8, 1930, a system of employing gaseous fuel. 
for an internal combustion engine was disclosed 


10 in which a relatively cheap low grade gaseous 
fuel stored under pressure was passed through 
a pressure reducing valve to be introduced into 
a carbureter connected with an internal com­
bustion engine so that gaseous fuel could be sup-


16 plied to the engine at the desired pressure and 
mixed with air in the carbureter in the desired 
quantities to produce a proper combustible mix­
ture for forming a fuel for the engine. 


However, it frequently occurs that it is un-
20 desirable to rely upon the gaseous fuel as the 


sole source of supply for an internal combus­
tion engine, particularly when such engine is em­
ployed for the purpose of driving a motor vehicle. 
It is, therefore, an object of this invention to 


26 provide a fuel system in which a gaseous fuel 
supply shall be auxiliary to the liquid fuel sup­
ply now commonly employed in connection with 
automobiles and similar vehicles. 


Another object of the invention is to provide a 
30 fuel system in which the normal liquid fuel sup­


ply and carbureter therefor is combined with a 
gaseous fuel supply and a mixer therefor, the two 
fuel supplies being used in alternation to each 
other. 


35 Another object of the invention is to provide 
a fuel system as set forth.in the preceding para­
graph in which the liquid fuel supply may be 
cut off and the gaseous fuel supply turned on, or 
vice versa so that when the liquid fuel is em-


40 ployed the gaseous fuel is disconnected and while 
the gaseous fuel is employed the liquid fuel is 
disconnected. 


Another object of the invention is to provide 
a fuel system for supplying the gaseous fuel to 


45 an internal combustion engine in alternation 
with the normal liquid fuel supply and in which 
the gaseous fuel system may be readily connected 
to the existing liquid fuel carbureters now used 
on automobiles and similar vehicles. 


50 Other objects and advantages will be apparent 
from a study of the following specification, read 
in connection with the accompanying drawing, 
wherein 


Figure 1 is a diagrammatic view indicating the 
55 various elements of both the liquid and gaseous 


fuel supplies in proper relation to an automobile 
engine; 


Figure 2 is a detailed view of a carbureter such 
as generally employed for supplying liquid fuel 
to an engine, this view being partly in section 60 
to illustrate the attachment of my gaseous fuel 
mixing device thereto; and 


Figure 3 is a detailed, sectional view taken 
along line m-m of Fig. 2, illustrating the in­
terior mechanism of the gaseous fuel mixer em- 65 
ployed in. practicing my invention. 


Referring to the drawing, I have illustrated a 
portion of an automobile chassis 1, constituting 
the mounting for an internal combustion engine 
2, such as is commonly employed in automobiles 70 
and the like. The engine 2 is illustrated as being 
provided with an intake manifgld 3 communicat-
ing with the intake ports of the various • cylin­
ders comprising the engine 2. An exhaust mani­
fold 4 is illustrated as being connected to the 75 
inside ports of the cylinders constituting the 
engine. 


Connected to the intake manifold 3 is a car­
bureter 5 of any suitable construction, such as 
those constructions now employed for the mix- so 
ing of liquid fuel with air prior to injection of 
such mixture into the intake manifold of the ., 
engine. 


The carbureter 5 is illustrated as comprising 
a bent tube 6, one end 7 of which is connected 85 
to the intake manifold 3 and the other end of 
which constitutes an inlet opening through which 
air may be sucked for mixing with the fuel in­
jected into the carbureter. The carbureter is 
equipped with a float chamber or fuel reservoir 90 
8 which may be of any suitable construction to 
provide a supply of fuel at atmospheric pressure 
ready for injection into the tube 6 of the car­
bureter 5, the float chamber being provided with 
a float operated needle valve 9 which obstructs 95 
the entrance of fuel into the chamber 8 by clos­
ing o:ff the passage 10 communicating with an 
inlet connection 11 to which the fuel supply 
line 12 may be connected. • 


The float chamber 8 is illustrated as com- 100 
municating with the bent tube portion of the 
carbureter as by means of a passage 13 com­
municating with both the float chamber 8 and 
the tube 6. A rotary valve 14 is preferably in- • 
terposed in the passage 13 for the purpose of per- 105 
mitting this passage to be cut off, as will here­
inafter be described. 


A main liquid supply tank is illustrated at 15 
having attached to the lower end thereof the fuel 
supply line 12 through which fuel from the tank 110 
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15 may be passed to the float chamber 8 • of the 
carburetor. 


The foregoing description of the liquid fuel 
system is In all essential respects Identical with 


6 the fuel supply systems now in common use In 
connection with automobiles, and similar ve­
hicles. 


X propose to add an additional fuel supply 
system employing a normally gaseous fuel, this 


10 system comprising a fuel supply tank 16 In which 
normally gaseous fuel is compressed and thereby 
maintained In liquefied condition. From tank 16 
there extends a suitable gaseous fuel supply· tube 
17 extending to the bottom of the tank 16, so as 


J!.fi to draw off the liquid and not gas. The gaseous 
fuel supply tube 17 is preferably threaded 
through the exhaust manifold 4 of the engine 2, 
as is indicated at 18, so that the fuel passing 
therethrough will be heated by contact of the 


20 tube 17 with the hot exhaust gases coming from 
the eng'ne. The tube 17 continues from the ex­
haust manifold 4 as by way of the short section 
of tubing 19 Into a combined filter and heat ex­
changer· 20 which further assists· 1n heating the 


25 gaseous fuel. From the filter 20 the fuel inlet 
tube continues, as is Indicated at 21, to the in­
let connection 23 to a pressure reducing valve 24. 


The pressure reducing valve 24 is illustrated 
and described In detail In my copendlng appli-


30 cation Serial No. 491,468, filed October 27, 1930 
which has since matured into Patent 1,912,479 
dated June 6, 1933 and comprises a valve con­
structed to· receive a gas under relatively high 
pressure and· to permit gases to flow therefrom 


35 at a pressure equal to that of the air supply. In 
order to equalize these pressures, a pipe 52 con­
nects the air cleaner 29 with the atmosphere side 
of the pressure equalizing valve 24. 


The gaseous fuel supply through outlet tube 
40 25 may be mixed with air and passed into the 


tube 6 of the carbureter 5 so that such air and 
gas mixture may pass into the Intake manifold 
3 of the engine 2 and thus constitute the com­
bustible fuel for operating the engine 2. 


45 The mixing device is illustrated as compris-• 
Ing an attachment which may be connected to 
the Inlet end of the carbureter tube 6, this mix­
ing device comprising a tubular member 26, one 
end 27 of which is provided with an Internal 


60 diameter of such size as to telescopically engage 
the air Inlet end of the carbureter tube 6 and 
may be. clamped thereon as by means of clamp­
Ing screw 27a. The opposite end 28 of the mixer 
26 is illustrated as being of slightly reduced 


55 diameter so that Its outside diameter corre­
sponds . substantially with the outside diameter 
of the inlet end of the. tubular carbureter 6. By 
reason of this reduced diameter the· a.Ir cleaner 
29, which normallyis telescopically' engaged upon 


60 the Inlet end of the carbureter 6, may be inserted 
In place upon the end 28 of my mixer. 
• Within the tubular mixer 26 is a pair of radial 
flanges 30 and 31 which extend Inwardly to form 
a seat for a venturi 32. The flange 30 is prefer-


66 ably formed with a shoulder 33 thereon. to act 
as a limit stop for the venturi 32 when the same 
is inserted Into engagement with the flanges 
30 and 31, 


The venturi 32 comprises an annular ring which 
70 h&S one or more slots 34 extending radially there;_ 


through .. Between the flanges 30 and· 31 is an 
annular space 35 surrounding .the venturi 32. 
This annular space 35 communicates with a. giti; 
Inlet stem 36 through which.gaseous fuel may be 


i5 passed into the annular spac~ 3$ a:od thence 


through the slots 34 to the interior of the venturi 
32. The annular space 35 between the flanges 
30 and 31 may be bridged at a plurality of points 
by means of cross members 37 to assist In guiding. 
the venturi 32 Into its proper seating relation rela- 80 
tive to the flanges when the same is to be Inserted 
within the tubular mixer 26. The venturi 32 may 
be held in place when Inserted as by means of 
one or more set screws 38 threaded radially into 
the mixer 26. Sf 


The gas inlet stem 36 is preferably provided 
with a cut ofl' valve 39 which may be operated to 
either open the inlet passage 36 to the passage 
of gas therethrough, or to close the same so that 
gas cannot pass therethtough. 90 


The upper end of· the stem 36 is provided with 
external threads 40 for engagement with a suita-
ble union nut 41 to secure the gas inlet pipe 25 
thereto while the stem 36 may be additionally pro­
vided with Internal threads 42 to permit a meter- 95 
Ing jet 43 to be threaded therelnto to provide the 
. desired size orifice 44 for metering or limiting the 
quantity of gas permitted to flow Into. the mixer 
26. , 


Referring, particularly, to Figure 1, it will be 100 
observed that the operating levers 45 and 46 for 
the valves 14 and 39, respectively, are connected 
to a -rod or wire 47 which extends to a point of 
convenient access to the operator of the vehicle 
such as, for example, the dashboard 48 so that 1G5 
the rod or wire 47 may be manipulated to simul­
taneously control both valves 14 and 39. 


The operation of my device is as follows: When 
the engine 2 is to be started the valves 14 and 39 
may be operated by the rod or wire 47 to the posi- no 
tion opposite to that illustrated In Fig. 2. That 
is, the valve 14 is closed and the valve 39 is open 
so that under these conditions gaseous fuel will 
be supplied to the .carburetor 5 and . thus the 
engine may be started upon the gaseous fuel. 115 
For small loads, or low speeds, the engine may be 
operated continuously upon such gaseous fuel 
though as soon as the engip.e is started it may be 
switched over to the liquid fuel by manipulating 
the rod or wire 47. Operating the rod or wire :i.W 
47 will reverse the valves 14 and 39 so. that the 
gaseous fuel supply is cut off and the liquid fuel 
supply connected to feed the carburetor. 


Either the liquid fU:eL contained in tank 16 
which changes to gas on release of pressure or 125 
the higher boiling point gasoline fuel In tank 15 • 
may be used for starting the motor, the object of • .. 
applicant's Invention being to obtain flexibility. 
In the use of either type of fuel as conditions or . 
supply may warrant. For example, on a cold 130 
morning, or with a cold motor, it would be pref- • 
erable to use the low boiling point fuel in tank 16 
to start the motor and thereafter when the motor 
is warmed up the fuel supply coming from ta.rut 
16 may, if desired, be shut off and the gasoline 135 
supply In tank 15 turned on, although the opera.: 
tion of the motor can be maintained on the fuel 


. from tank 16if desired. There ·is an advantage • 
in starting a. cold motor on the low boiling point 
ftie~ from tank 16 In that liquid fuel is not de- 140 · 
posited on· the. cylinder walls to wash away the • 
iubricating oil. . Furthermore, the low boiling 
point fuel from tank 16 has higher anti-knock 
value than ordinary gasoline so that where a long 


•. run on.full throttle is to be made, the motor may 145 
Qe supplied with fuel from the tank 16 and det~ • 
onation or knocking prevented. 
: ··Upon opening the valve 39 gaseous fuel passing 
through the metering jet 43 will pass to the amm-
lar chamber 35 surrounding the venturi 32 and 150 
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will thence pass inwardly through the leads 34 · 
to be mixed with the incoming air stream drawn 
into the inlet end of the carbureter 5 through the 
air cleaner 29. 


5 By properly selecting • the oriflce 44 of • the 
metering jet 43 and the slotted oriflces H of the 
venturi 32, the desired quantity • of gaseous fuel 
to be supplied relative to the quantity of. air 
drawn into the carburetor may be adjusted to 


10 provide a properly combustible mixture. 
It will be observed that as the air 1s drawn 


through the venturi into the carbureter 5, the 
quantity of air so drawn will act on the venturi 32 
to increase or decrease the quantity of gaseous 15 fuel supplied in propartion to the quantity of air 
drawn through so that the proper combustible 
mixture will be maintained at various speeds of 
operation of the engine. 


For idling purposes, when operating on the gas-
20 eous fuel, an idler connection 49 may be con­


nected into the intake manifold 3 of the engine 2, 
this connection being made as by means of a tube • or pipe 50 to the low pressure side of the pressure 
reducing valve 24. Thus at idling speeds a de-


25 sfrable quantity of fuel for Idling may be fur­
nished to the engine. The amount of fuel by­
passed to the engine 1s regulated by the valve 53. 


It will be observed that I have disclosed herein 
a system in which liquid fuel or gaseous fuel may 


30 be used in alternation with each other for aup­
plying the required fuel to the engine. Hence the 
engine 2 may be supplied with high grade gaseous 
fuel for the greater Portion of its operation and 
the liquid fuel may be used only when a aupply 


35 of gaseous fuel ls undesirable. 
If desired, the valves H and 39 may be oper­


ated so as· to cut off partly both the liquid and 
the gaseous fuel, so that a progressive propor­
tioning can be utilized whereby more or less liqUfd 40 or gaseous fuel can be utllized without disturbing 
the air fuel ratio of the nifxture delivered to the engine. 


While I have illustrated and described the pre­
ferred embodiment of my invention, I do not de-


45 sire to be limited to any of the details shown or 
described herein, except as defined in the ap. 
pended claims. 


I claim: 
1. In a fuel system for internal combustion ;o engines, a liquid fuel supply, a gaseous fuel aup­


ply, a carbureter comprising an air :pusage 
through which air may be passed into the mtake 


60 


65 


'iG . 


75 


of the engine, a liquid fuel inlet communicating 
with the air passage of said carbureter for sup­
plying liquid fuel to the air stream drawn through 
the carbureter, a cut off valve for cutting off the 
supply of liquid fuel to said .carbureter, a gaseous ~ 
fuel mlet connected to and communicating. with 
the air passage of said carbureter, said gaseous 
fuel mlet including a venturi through which said 
air stream may pass and haVing openings therein 
through which gaseous fuel may be drawn 85 through the venturi into the air stream, a valve 
interpased be~n said gaseous fuel inlet and 
said venturi, and means for simultaneously oper­
ating said valves to open one of said valves and 
close the other, and vice versa, to supply either 90 
liquid or gaseous fuel to said carbureter. 


2. In a fuel system for internal comb.ustion en­
gines having a carbureter,. a source of gaseous 
fuel, means.for introducing said gaseous fuel into 
said carbureter comprising a tube connectible to 9.: the air mle~. passage of said carbureter, a venturi 
in said tube having openings therein through 
which gaseous fuel may be pas.,ed into said tube, . 
a gaseous fuel mlet communicating with the 
openings in • said venturi, and a metering jet in LX said gaseous fuel mlet for metering the quantity 
of fuel supplied therethrough. 


3. An attachment for a standard liquid fuel 
carbureter haVing an air supply opening, which 
attachment comprises a tube connectible to the lOo air mlet passage of said carbureter, said tube hav-
ing a Venturi passage therein for air drawn 
through said tube into the carbureter, with open-
ings in the throat of the venturi through which 
gaseous fuel may flow into said tube and a gas- llJ eous fuel mlet passage communicating with the 
openings in the throat of the venturi. 


4. An attachment for a liquid fuel carbureter having an air mlet nipple with an air cleaner 
slidably engageable therewith, which attachment 113 comprises a tube dimensioned at one end to en- • gage with the air inlet of the carbureter nor­
mally engagmg with the air cleaner, and dimen.­
Bioned at the oppasite end to engage with the 
end of the air cleaner normally engaging with lZ[ the carbureter mlet', whereby said tube may be 
inserted as a unit between the air mlet passage 
of the carbureter and the air cleaner, said tube 
being provided with gaseous fuel mlet openings 
and an mlet Port connected thereto for connec- l'.:i 
tion to a aupply of gaseous fuel. 


GEORGE L. HOLZAPFEL. 
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TO THE READER 


This Workshop Manual tells the servicing personnel about the mechanism, servIcIng and 
maintenance of the WG972-E2, DF972-E2 and DG972-E2. It contains 4 parts: "Information", 
"General", "Mechanism" and "Servicing". 


■ Information 
This section contaihs information below. 


• Safety First 
• Specification 
• Performance Curve 
• Important Items of Exhaust Emission Regulation 
• Dimension 
• Wiring Diagram 


■ General 
This section contains information below. 


• Engine Identification 
• General Precautions 
• Maintenance Check List 
• Check and Maintenance 
• Special Tools 


■ Mechanism 
This section contains information on the structure and the function of the unit. Before you continue 


with the subsequent sections, make sure that you read this section. 
Refe.r to the latest version of Workshop Manual (Code No. 9Y021-01870 I 9Y021-18200) for the 


diesel engine / tractor mechanism that this workshop manual does not include. 


■ Servicing 
This section contains information below, 


• Troubleshooting 
• Servicing Specifications 
• Tightening Torques 
• Checking. Disassembling and Servicing 


All illustrations, photographs and specifications contained in this manual are of the newest 
information available at the time of publication. 


KUBOTA reserves the rtght to change all infonnation at any time without notice. 
Sinoe this manual includes many models. information or illustrations and photographs can show 


more than one model. 


February, 2009 
© KUBOTA Corporation 2009 
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WG972-E2,DF972-E2,DG972-E2 , WSM INFORMATION 


1. SAFETY FIRST 


A SAFETY FIRST 
• This symbol, the industry's "Safety Alert Symbol", is used throughout this manual and on labels on the 


machine itself to warn of the possibility of personal injury. Read these instructions carefully. 
• It is essential that you read the instructions and safety regulations before you attempt to repair or use 


this unit. 


AoANGER 
• Indicates an imminently hazardous situation which, if not avoided, will result in death or serious injury. 


AwARNING 
• Indicates a potentially hazardous situation which, if not avoided, could result in death or serious injury. 


AcAUTION 
• Indicates a potentially hazardous situation which, if not avoided, may result in minor or moderate 


injury. 


■ IMPORTANT 
• Indicates that equipment or property damage could result if instructions are not followed. 


NOTE 
Gives helpful information. 


IBM001A 


IBM011A 


1-1 


WSM000001INI0001US0 


BEFORE YOU START SERVICE 


• Read all instructions and safety instructions in this 
manual and on your engine safety decals. 


• Clean the work area and engine. 
• Rark the machine on a stable and level ground. 
• Let the temperature of the engine decrease before 


you start a job. 
• Stop the engine, then remove the key. 
• Disconnect the battery negative cable. 
• Hang a "DO NOT OPERA TE" tag in the operator 


station. 
WSM00000l~N I 00020SO 


START SAFELY 


• Do not do the procedures below when you start the 
engine. 
- short across starter terminals 
- bypass the safety start switch 


• Do not make unauthorized modifications to the 
engine. This can cause damage and decrease the 
engine life. 


WSM000001 1NI00030S0 
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INFORMATION 


OPERATE SAFELY 


• Do not use the machine after you consume alcohol 
or medication or when you are tired. 


• Put on applicable clothing and safety equipment. 
• Use applicable tools only. Do not use alternative 


tools or parts. 
• When 2 or more persons do servicing, make sure 


that you do it safely. 
• Do not touch the hot parts or parts that turn when the 


engine operates, 
• Do not remove the radiator cap when the engine 


operates, or immediately after it stops. If not, hot 
water can spout out from the radiator. Only remove 
the radiator cap when it is at a sufficiently low 
temperature to touch with bare hands. Slowly loosen 
the cap to release the pressure before you remove it 
fully. 


• Released fluid (fuel or hydraulic oil) under pressure 
can cause damage to the skin and cause serious 
injury. Release the pressure before you disconnect 
hydraulic or fuel lines. Tighten all connections before 
you apply the pressure. 


• Do not open a fuel system under high pressure. 
The fluid under high pressure that stays in fuel lines 
can cause serious injury. Do not disconnect or repair 
the fuel lines, sensors, or any other components 
between the fuel pump and injectors on engines with 
a common rail fuel system under high pressure. 


• Put on an applicable ear protective device (earmuffs 
or earplugs) to prevent injury against loud noises. 


• Be careful about electric shock. The engine 
generates a high voltage of more than DC100 Vin 
the ECU and is applied to the injector. 


WSM000001INI0004US0 


PREVENT A FIRE 


• Fuel is very flammable and explosive under some 
conditions. Do not smoke or let flames or sparks in 
your work area. 


• To prevent sparks from an accidental short circuit, 
always disconnect the battery negative cable first 
and connect it last. 


• The battery gas can cause an explosion. Keep the 
sparks and open flame away from the top of battery, 
especially when you charge the battery. 


• Make sure that you do not spill fuel on the engine. 
WSM000001IN10005USO 
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INFORMATION 


KEEP A GOOD AIRFLOW IN THE WORK AREA 


• If the engine ls in operation, make sure that the area 
has good airflow. Do not operate the engine in a 
closed area. The exhaust gas contains poisonous 
carbon monoxide. 


WSM000001INI0006US0 


DISCARD FLUIDS CORRECTLY 


• Do not discard fluids on the ground, down the drain, 
into a stream, pond, or lake. Obey related 
environmental protection regulations when you 
discard oil, fuel, coolant, electrolyte and ott,er 
dangerous waste. 


WSM0 00001INI0007USO 


PREVENT ACID BURNS 


• Keep electrolyte away from your eyes, hands and 
clothing. Sulfuric acid in battery electrolyte is 
poisonous and it can burn your skin and clothing and 
cause blindness. If you spill electrolyte on yourself, 
clean yourself with water, and get medical aid 
immediately, 


WSM00000 1INI00 08USO 


PREPARE FOR EMERGENCIES 


• Keep a first aid kit and fire extinguisher ready at all 
times. 


• Keep the emergency contact telephone numbers 
near your telephone at all times. 


WSM0000 01INI0009USO 
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WG972-E2,DF972-E2,DG972-E2, WSM INFORMATION 


2. SPECIFICATIONS 
Model WG972-E2 DF972-E2 


Number of Cyl inder 3 


Vertlcal, water cooled, 4-cycle 
Vertica l, water cooled, 4-cycle Dual Fuel (Gasoline I LPG) 


Type engine 
Gasoline engine 


Gasoline fue l LPG fuel 


Bore M Stroke 74.5 x 73.6 mm (2.93 x 2.90 In.) 


Total Displacement 962 cm3 (58.7 cu.In.) 


ISO Net Continuous 
18.6 kW/ 3600 min•1 {rpm) 17.5 kW 13600 min"1 (rpm) 
25.o HP / 3600 m1n·1 (rpm) 23.5 HP/ 3600 min·1 {rpm) 


ISO / SAE Net Intermittent 
23.1 kW / 3600 m1n· 1 (rpm) 22.0 kW I 3600 min•1 (rpm) 
31.0 HP 13600 min·1 (rpm) 29.5 HP / 3600 min•1 (rpm) 


SAE Gross Intermittent 
24.2 kW 13600 m1n·1 {rpm) 23.1 kW/ 3600 min•' (rpm) 
32.5 HP / 3600 min•1 (rpm) 31 .0 HP / 3600 m1n·1 (rpm) 


Maximum Bare Speed 3850 to 3950 min•1 (rpm) 


Minimum Bare Idling Speed 1400 lo 1600 min·' (rpm) 


Cylinder Head Overhead-Valve 


Ignition System Distributor-Less Solid Stage Type 


Governor Centrifugal Ball Mechanical Type / Electronic Governor 


Direction of Rotation Counter-Clockwise (Viewed from flywheel) 


Spark Plug NGKBKR4E 


Ignition Timing 0.37 rad (21 ") before T.D.C. / 3600 m1n·1 (rpm) 


Firing Order 1-2-3 


Compression Ratio 9.2 : 1 


Lubricating System Forced Lubrication by Trochoid Pump 


Oil Pressure Indication Electrical Type Switch 


Lubricating Filter Full Flow Paper Filler (Cartridge Type) 


Cooling System Pressurized Radiator (not Included In the basic model), Forced Circulation with Water Pump 


Starting System Electric Starting with Starter 


Starting Motor 12V, 1.0 kW 


Battery 12 V, 52 AH or equivalent 


Charging Alternator 12V, 150W 


Fuel •unleaded Automobile Gasoline Standard Commercial LP Gas 


Lubricating Oil Better than SH Class (API) 


Lubricating Oil Capacity 3.4 L (0.90 U.S.gals) 


Weight (Dry) 72.0 kg (159 lbf) 


Application General Power Source 


•The specifi cation described above is of the standard engine of each model 
'Conversion Formula ; HP= 0.746 kW. PS= 0.7355 kW 


1-4 
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WG972-E2,DF972-E2,DG972-E2, WSM INFORMATION 


Model DG972-E2-BBH I DG972-E2-SAEH 


Number of Cylinder 3 


Type Vertical , water cooled, 4-cycie Natural Gas engine 


Bore x Stroke 74.5 x 73.6 mm (2.93 x 2.90 in.) 


Total Displacement 962 cm 3 (58.7 cu.in.) 


ISO Net Continuous 
14.5 kW/ 3600 min·1 (rpm) 
19.4 HP/ 3600 m1n·1 (rpm) 


ISO/ SAE Net Intermittent 
17.6 kW/ 3600 min-1 (rpm) 
23.6 HP / 3600 min·1 (rpm) 


SAE Gross Intermittent 
18.7 kW 13600 min·1 (rpm) 
25.1 HP/ 3600 min•1 (rpm) 


Maximum Bare Speed 3850 to 3950 min•1 (rpm) 


Minimum Bare Idling Speed 1400 to 1600 min•1 (rpm) 


Cylinder Head Overhead-Valve 


Ignition System Dlstribulor-Less Solid Stage Type 


Governor Centrifugal Ball Mechanical Type / Electronic Governor 


Direction of Rotation Counter-Clockwise (Viewed from flywheel) 


Spark Plug NGKBKR4E 


Ignition Timing 0.49 rad (28 ') before T. D.C. / 3600 min•1 (rpm) 


Firing Order 1-2·3 


Compression Ralio 9.2 : 1 


Lubricating System Forced Lubrication by Trochoid Pump 


OIi Pressure Indication Electrical Type Switch 


Lubricating Filter Full Flow Paper Filler (Cartridge Type) 


Cooling System Pressurized Radiator (not included in the basic model), Forced Circulation with Water Pump 


Starting System Electric Starting with Starter 


Starting Motor 12V, 1.0 kW 
Battery 12 V, 52 AH or equivalent 


Charging Alternator 12 V, 480W 


Fuel Natural Gas 


Lubricating Oil Better than SH Class (API) 


Lubricating OIi Capacity 3.4 L (0.90 U.S.gals) 


Weight (Dry) 72.0 kg (159 lbf) I 95.4 kg (210 lb!) 


Application General Power Source 


"The specification described above is of the standard engine of each model. 
•conversion Formula : HP-= 0.746 kW, PS= 0.7355 kW 


9Yl210318n!I00010S0 
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WG972-E2,DF972-E2,DG972-E2, WSM INFORMATION 


3. IMPORTANT ITEMS OF EXHAUST EMISSION 
REGULATION 


To conform with U.S. EPA and GARB SOREs (Small Off Road Engines) emission regulations, the WG972-E2, 
DF972-E2 and DG972-E2 engine must observe below items. 


9Yl21031BINI00020S0 


[1] INLET AND EXHAUST SYSTEM 
The WG972-E2, DF972-E2 and DG972-E2 engine must use the below air cleaner and inlet pipe, and exhaust 


back pressure of the muffler must be within the below values. 


Part Part No. 


Genuine air cleaner 1G657-11 01 -1 


Genuine Inlet pipe EG561-1164-1 


Brake horse power SAE net int. Allowable maximum exhaust back pressure 


23.1 kP (31 .0 HP)/ 3600 min·1 (rpm) 19.6 kPa (147 mmHg) / 3600 min•1 (rpm) 


Any modifications to the fuel system or any adjustments made on this engine will cause this engine to be in 
non-compliance with emission regulations. 


9Yl210318INI00030S0 


[2] ALTITUDE COMPENSATION KIT (WG972-E2, DF972 .. E2) 
■ IMPORTANT 
• Altitude compensation kit is applied for EPA and CARS certified engines only. 


EPA and CARB emission regulations require the ultimate user of non-road SI engine, as their obligation, 
to adjust the emissions by installing the appropriate genuine altitude compensation kit. And the engine 
manufacturer must provide such kit when engine is operated at an altitude that exceeds the standard 
level, as guarantied by the engine manufacturer. For this purpose, KUBOTA prepared genuine altitude 
compensation kit described below. The ultimate users of SI engine must comply with the regulations 
through the installation of the appropriate altitude compensation kit for the altitude range where the 
engine will be operated. 


• "Replacement of Altitude Compensation Kit" for reference to the exchange of altitude compensation kit. 


Altitude Compensation Kit Applicable Altitude Ranges 


Original Carburetor (with O m (0 ft) kit) 0 to 700 m (0 to 2300 ft) 


1000 m (3281 ft) compensation kit 300 to 1700 m (984 to 5577 ft) 


2000 m (6562 ft) compensation kit 1300 to 2700 m (4265 to 8858 ft) 


9Y1210318INI00040S0 


[3] LPG REGULATOR WITH VAPORIZER (DF972-E2) 
Wtien operating DF972-E2 on LPG, only a KUBOTA GENUINE LPG REGULATOR KIT can be used. 


9Yl21031BIN!0005USO 


[4] KUBOTA RECOMMENDED LPG FUEL SPECIFICATIONS 
(DF972-E2) 


• Commercial Propane gas only. 
• Equivalent to Propane H-O-5 of GPA* standards. 


Others 


;?90% S:5% S 2.5% 


•GPA means Gas Processors Association (U.S.A.) 
9Yl210318INI0006US0 


[5] LENGTH OF THE LPG VAPOR HOSE (DF972-E2) 
The length of the LPG vapor hose between the LPG carburetor and LPG vaporizer must be within 280 to 320 mm 


(11 .1 to 12.5 in.) 
The incorrect use of the hose may not conform to EPA and CARB EMISSION REGULATIONS, 


9Yl210318INI00070S0 
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WG972-E2,DF972-E2,DG972-E2, WSM INFORMATION 


[6] GAS REGULATOR (DG972-E2) 
When operating DG972•E2 on natural gas, only a KUBOTA GENUINE GAS REGURATOR can be used. 


9Yl2103l8IN10008USO 


[7] KUBOTA RECOMMENDED FUEL SPECIFICATIONS (OG972-E2) 
• Natural gas only. 
• Consult KUBOTA for further information offuel used, 


9Yl 2103181NI00090SO 


[8] LENGTH OF THE GAS HOSE (OG972-E2) 
The length of the gas hose between the gas mixer and gas regulator must be within 280 to 320 mm (11 .1 to 


12.5 in.) . 
The incorrect use of the hose may not conform to EPA and CARB EMISSION REGULATIONS. 


9Y1210318IN I0 0100S0 
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WG972-E2,DF972-E2,DG972-E2, WSM INFORMATION 


4. PERFORMANCE CURVES 
WG972 


(1) Brake Horsepower a: Gasoline Use 
- -a (2) Engine Speed b: LP Gas Use 80 


~


o 
(5) (3) Specific Fuel Consumption 


70 50 (4) Torque 
60 0 (4) 


(5) Net Intermittent Torque 
Q. s: 50 (6) Net Continuous Torque 
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WG972-E2,DF972-E2.DG972-E2. WSM 
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(1) Brake Horsepower 
(2) Engine Speed 
(3) Specific Fuel Consumption 
(4) Torque 
(5) Net Intermittent Torque 
(6) Net Continuous Torque 


INFORMATION 


(7) Net Intermittent Brake 
Horsepower 


{8) Net Continuous Brake 
Horsepower 


(9) Net Intermittent Specific Fuel 
Consumption 
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5. DIMENSIONS 
WG972, DF972 
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INFORMATION 


Unit : mm (In.) 
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WG972-E2,DF972-E2,DG972-E2, WSM INFORMATION 


WG972, DF972 (Electronic Governor Model) 


Unit : mm ~n.) 
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DG972-E2-BBH 


Unit: mm (in.) 
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WG972-E2,DF972-E2,DG972-E2, WSM INFORMATION 


DG972-E2-SAEH 


Unit: mm (in,) 
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WG972-E2 ,DF972-E2 ,DG972-E2, WSM GENERAL 


1. ENGINE IDENTIFICATION 
[1] MODEL NAME AND ENGINE SERIAL NUMBER 


When contacting the manufacture, always specify your engine 
model name and serial number. 


The engine model and its serial number need to be identified 
before the engine can be serviced or parts replaced . 
■ Engine Serial Number 


The engine serial number is an identified number for the engine. 
It is marked after the engine model number. 


It indicates month and year of manufacture as follows. 
Year of manufacture 


Alphabet or 
Year 


Number 


1 2001 


2 2002 


3 2003 


4 2004 


5 2005 


6 2006 


7 2007 


8 2008 


9 2009 


A 2010 


B 2011 


C 2012 


D 2013 


E 2014 


(1 ) Engine Model Name and Serial 
Number 


G-1 


Alphabet or 
Number 


F 


G 


H 


J 


K 


L 


M 


N 


p 


R 


s 
T 


V 


[A] WG972-E2 
[BJ DF972-E2 
[CJ DG972-E2 


Year 


2015 


2016 


2017 


2018 


2019 


2020 


2021 


2022 


2023 


2024 


2025 


2026 


2027 


(To be continued) 
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WG9n-E2,DF972-E2. DG972-E2, WSM 


(Continued) 


IMPORTANT ENGINE INFORMAT ION 
THIS ENGJNE ~EE"rS 200! U. S El'A REGUUl.TIONS 
FOR SM/Ill NONRDAD ENGINES AND CAUFORNIA 
11£.Gll(J,T,0 FOR Dl'f.ROAD LARGE SI 0iGINES 
16,bollQ KUBOTA Cor,or:1tf011 


igy',Ofll~~~INE DISP.: m.oa; =FUL f 1FEfej~- A 
GASOI.I~ I 1I01Al!f00 llllll' 


mg lo ~'Is 1W111AI.Mffl.lli\1Hrnwa: F CAT IJNS ADJUS . · .iwii:, 


3EBAAAB0P003A 


GENERAL 


Month of manufacture 
Month Engine Lot Number 


January A0001 ~ A9999 B0001 - B2999 


February C0001 ~ C9999 D0001 - DZ999 


March E0001 - E9999 F0001 - FZ999 


April G0001 - G9999 H0001 ~ HZ999 


May J0001 - J9999 K0001 ~ KZ999 


June L0001 - L9999 M0001 - M2999 


July N0001 ~ N9999 P0001 ~ P2999 


August 00001 ~ 09999 R0001 - RZ999 


September S0001 - S9999 T0001 ~ TZ999 


October U0001 ~ U9999 V0001 ~ VZ999 


November wooo 1 ~ W9999 X0001 ~ XZ999 


December Y0001 - Y9999 20001 - ZZ999 


* Alphabetical letters "I" and "O" are not used. 
e.g. 


(a) (b)(c) (d) 
• WG972 - 8 BA001 ----


(a) (b)(c) (d) 
• DF972 - §. !!A001 


(a) (b)(c) (d) 
• DG972 - 8 BA001 ----


(a) Engine Model Name : WG972, DF972. DG972 
(b) Year : 8 indicates 2008 
(c) Month : A or B Indicates January 
(d) Lot Number : (0001 - 9999 or A001 - Z999) 


■ Emission Label 
9Y1210318GEG00030S0 


This label is attached on the cylinder head cover of the engine 
certified to the requirements of EPA / CARB Emission regulations. 


The content of the label is approved officially by EPA/ CARB. 
9Yl210318GEG0004US0 


G-2 
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WG972-E2,DF972-E2,DG972-E2, WSM 


(A) 


[CJ 


3EBAAAB0P006A 


[DJ 


(1) 


GENERAL 


■ Tamper Resistance 
KUBOTA Corporation is to provide safeguards for the parts 


where never to be adjusted, and is approved by EPA/ CARS for the 
purpose of this engine to be in compliance with EPA / CARB 
Emission Regulations through its useful life. Intentional removal and 
adjustment of such tamper resistance are subject to the penalty. 


(1) Tamper Resista nee 


G-3 


[A] Carburetor 
[BJ Pick-up Sensor 
[CJ Vaporizer 
[DJ Regulator 
[El Governor Lever 


9Y121 0318GEG0005USO 
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WG972-E2,DF972-E2,DG972-E2, WSM 


[2] CYLINDER NUMBER 


3EEACAA1P067A 


GENERAL 


The cylinder numbers of KUBOTA gasoline, gasoline/ LPG and 
natural gas engine are designated as shown in the figure. 


The sequence of cylinder numbers is given as No.1, No.2 and 
No.3 starting from the gear case side. 


9Yl210318GEG0006US0 
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WG972-E2,DF972-E2,DG972-E2, WSM GENERAL 


2. GENERAL 'PRECAUTIONS 


(1) 


(A) (B) 


(3) (3) 


3EEABAB1P012A 


• During disassembly, carefully arrange removed parts in a clean 
area to prevent confusion later. Screws. bolts and nuts should 
be replaced in their original position to prevent reassembly 
errors. 


• When special tools are required, use KUBOTA genuine special 
tools. Special tools which are not frequently used should be 
made according to the drawings provided. 


• Before disassembling or servicing live wires, make sure to 
always disconnect the grounding cable from the battery first. 


• Remove oil and dirt from parts before measuring. 
• Use only KUBOTA genuine parts for parts replacement to 


maintain engine performance and to ensure safety. 
• Gaskets and 0-rings must be replaced during reassembly. 


Apply grease to new 0-rings or oil seals before assembling. 
• When reassembling external or internal snap rings, position 


them so that sharp edge faces against the direction from which 
a force is applied. 


• Be sure to perform run-in the serviced or reassemble engine. 
Do not attempt to give heavy load at once, or serious damage 
may result to the engine. 


(1) Grease (A) External Snap Ring 
(2) Force (B) Internal Snap Ring 
(3) Place the Sharp Edge the Direction 


of Force 


9Yl 21031BGEGOOO,oso 
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WG972-E2,DF972-E2,DG972-E2, WSM GENERAL 


3. MAINTENANCE CHECK LIST 
To maintain long-lasting and safe engine performance, make it a rule to carry out regular inspections by following 


the table below. (The schedule applies to an engine in use under normal conditions.) 
(WG972-E2, OF972-E2] 


Service Interval 
Item Every 50 Every 100 Every 200 Every 1 


Daily 
hrs hrs hrs year 


Checking engine oil level * 
Checking and replen ish coolant * 
Checking air cleaner element * 
Checking LPG tank setting condition * 
Checking LPG fuel connector * 
Cleaning air cleaner element * 
Checking gasoline fuel hose and clamp * bands 


Checking LPG fuel hose and clamp bands * 
LPG fuel check * 
Checking battery electrolyte level * 
Cleaning spark plug * 
Checking fuel filter * 
Check fan belt tension and damage * 
Changing engine oil * * 
Replacing oil filter cartridge * * 
Checking LPG tank setting condition * 
Checking radiator hoses and clamp bands * 


• Replacing air cleaner element * 
Replacing gasoline fuel hose, clamp bands * and fuel filter 


Cleaning fuel tank inside * 
Cleaning carburetor * 
Cleaning water jacket and radiator interior * 
Replacing spark plug 


Checking coolant hose of LPG vaporizer 


Checking vacuum lock hose of LPG 
vaporizer 


Draining tar 


Checking valve clearance 


Cleaning cylinder head 


Checking valve seats 


Replacing intake air line 


Replacing LPG fuel hose and clamp bands 


Replacing coolant hose of LPG vaporizer 


Replacing vacuum lock hose of LPG 
vaporizer 


Checking primary chamber 


Checking air tight of secondary chamber 


Checking vacuum lock system 


Replacing radiator hoses and clamp bands 


Replacing battery 


Changing radiator coolant (L.L.C.) 


* Change engine oil and replace oil filter cartridge after the first 50 hours of operation. 
* Replace the element after 6 times cleaning . 


AcAUTION 
• When changing or inspecting, be sure to level and stop the engine. 


G-6 


Every 1000 Every 2 
hrs years 


* 
* 
* 
* 
* 
* 
* 


* 
* 
* 
* 
* 
* 
* 
* 
* 
* 


9Yl2 10318GEG0008 US0 
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WG972-E2,DF972-E2.,DG972-E2, WSM 


[OG972-E2) 
Service Interval 


Item Every 50 Every 100 Every 200 Every 1 
Dally 


hrs hrs hrs year 


Checking engine oil level * Checking and replenish coolant * Checking air cleaner element * Checking fuel line setting condition * Checking fue l connector * Cleaning air cleaner element * Checking fuel hose and clamp bands * Natural gas fuel check * Checking battery electrolyte level * 
Cleaning spark plug * Checking fuel filter * Check fan belt tension and damage * Changing engine oil * * Replaclng oil fi ller cartridge * * Checking fue l line setting condition * Checking radiator hoses and clamp bands * • Replacing air cleaner element * Replacing fuel fi lter * Cleaning gas mixer * 
Cleaning water jacket and radiator Interior * Replacing spark plug 


Checking valve clearance 


Cleaning cylinder head 


Checking valve seats 


Replacing intake air line 


Replacing fuel hose and clamp bands 


Replacing radiator hoses and clamp bands 


Replacing battery 


Changing radiator coolant (L.l.C.) 


* Change engine oil and replace oil filter cartridge after the first 50 hours of operation. 
• Replace the element after 6 times cleaning. 


AcAUTION 
• When changing or inspecting, be sure to level and stop the engine. 


G-7 


GENERAL 


Every 1000 • Every 2 
hrs years 


* 
* 
* 
* ... 


* 
* 
* 
* 


9Yl2 10318GEG0 00 90S O 
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WG972-E2,DF972-E2,DG972-E2, WSM GENERAL 


4. CHECK AND MAINTENANCE 
[1] DAILY CHECK POINTS 


Checking Engine Oil Level 


1. Level the engine. 
2. To check the oil level , draw out the dipstick (1 ), wipe it clean, 


reinsert it, and draw it out again. 
Check to see that the oil level lies between the two notches. 


3. If the level is too low, add new oil to the specified level. 


■ IMPORTANT 
• When using an oil of different maker or viscosity from the 


previous one, drain old oil. Never mix two different types of 
oil. 


• Use the proper SAE Engine oil according to ambient 
temperatures. 


■ NOTE 
• Be sure to inspect the engine, locating it on a horizontal 


place. If placed on gradients, accurately, oil quantity may 
not be measured. 


• Be sure to keep the oil level between upper and lower limits 
of the dipstick. Too much oil may cause a drop in output or 
excessive blow-by gas. On the closed breather type engine 
in which mist is sucked through port, too much oil may 
caused oil hammer. While too little oil, may seize the 
engine's rotating and sliding parts . 


(1) Dipstick 


9Yl210318GEG00100S0 
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WG972-E2,DF972-E2,DG972-E2, WSM 


3EEABAB1 P014A 


3EEABAB1P015D 


3EBAAAB0P008A 


GENERAL 


Checking and Replenish Coolant 


1. Without recovery tank : 
Remove the radiator cap (1) and check to see that the coolant 
level is just below the port. 
With recovery tank (2) : 
Check to see that the coolant level lies between FULL"A" and 
LOW"B". 


2. If coolant level is too low, check the reason for decreasing 
coolant. 
(Case 1) 
If coolant is decreasing by evaporation, replenish only fresh, 
soft water. 
(Case 2) 
If coolant is decreasing by leak, replenish coolant of the same 
manufacture and type in the specified mixture ratio (fresh, soft 
water and L.L.C.). If the coolant brand cannot be identified, 
drain out all of the remaining coolant and refill with a totally new 
brand of coolant mix. 


AcAUTION 
• Do not remove the radiator cap until coolant temperature is 


below its boiling point. Then loosen the cap slightly to 
relieve any excess pressure before removing the cap 
completely. 


■ IMPORTANT 
• During filling the coolant, air must be vented from the 


engine coolant passages. The air vents by jiggling the 
radiator upper and lower hoses. 


• Be sure to close the radiator cap securely. If the cap is 
loose or improperly closed, coolant may leak out and the 
engine could overheat. 


• Do not use an antifreeze and scale inhibitor at the same 
time. 


• Never mix the different type or brand of LL.C .. 


(1) Radiator Cap 
(2) Recovery Tank. 


A: FULL 
B : LOW 


9Y1210318GEG00 11USO 


Checking Air Cleaner Element (If necessary) 


1. Remove the dust cup in the air cleaner. 
2. Check the dust in the dust cup and the element. 
(When reassembling) 
• Install the air cleaner dust cup with "TOP" indicated on the rear 


of the cup. 


(1) Dust Cap 
(2) Element 


G-9 


(3) "TOP" Mark 


9Yl210318GEG0012USO 
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WG972-E2,DF972·E2,DG972-E2, WSM GENERAL 


Checking LPG Tank Setting Condition (If necessary) 
(DF972-E2) 


1. Check the setting condition of LPG fuel tank. 
9Yl210318GEG0013USO 


Checking Fuel Line Setting Condition (If necessary) 
(DG972-E2) 


1. Check the setting condition of fuel line. 
9Yl2 1031BGEG00140S0 


Checking LPG Fuel Connector (DF972-E2) 


1. Check the connector of LPG line (hoses and clamps). 
9Yl2 10318GEG00150S0 


Checking Fuel Connector (DG972-E2) 


1. Check the connector of fuel line (hoses and clamps). 
9Y1210318GEGOO 161.lS·O 


[2] CHECK POINTS OF INTIAL 50 HOURS 


(2) 


(1) 


Changing Engine Oil 


AcAUTION 
• Be sure to stop engine before changing engine oil. 


1. Start and warm up the engine for approx. 5 minutes. 
2. Place an oil pan underneath the engine. 
3. To drain the used oil, remove the drain plug (1) at the bottom of 


the engine and drain the oil completely. 
4. Screw the drain plug (1 ). 
5. Fill new oil up to upper line on the dipstick (2). 
■ IMPORTANT 
• When using an oil of different maker or viscosity from the 


previous one, remove all of the old oil. 
• Never mix two different types of oil. 
• Engine oil should have properties of API classification SH. 
• Use the proper SAE Engine Oil according to ambient 


temperature. 


Above 25 "C (77 "F) SAE30 or SAE1 OW-30 


0 "C to 25 "C (32 "F to 77 "F) SAE20 or SAE10W-30 


Below O "C (32 "F) SAE1 OW or SAE10W-30 


I Engine oil capacity 1 3.4 L 
0.90 U.S.gals 


33 to37 N·m 
Tightening torque Drain plug 3.3 to 3.8 kgf·rn 


24 to 27 lbf·ft 


(1) Drain Plug (2) Dipstick 


9Yl210318GEG00170S0 
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WG972-E2,DF972-E2,DG972-E2, WSM 


Replacing Oil Filter Cartridge 


(1) A CAUTION 


GENERAL 


• Be sure to stop the engine before changing filter cartridge. 
1. Remove the oil filter cartridge (1) with the filter wrench. 
2. Apply a slight coat of oll onto the new cartridge gasket. 
3. To install the new cartridge, screw it in by hand. Over tightening 


may cause deformation of rubber gasket. 
4. After the new cartridge has been replaced, the engine oil 


normally decrease a little. Thus see that the engine oil does not 
leak through the seal and be sure to read the oil level on the 
dipstick. Then, replenish the engine oil up to the specified level. 


■ IMPORTANT 
• To prevent serious damage to the engine, replacement 


element must be highly efficient. Use only a KUBOTA 
genuine filter or its equivalent. 


(1) Engine Oil Filter Cartridge 


9Y12 10318GEG0018DSO 


[3] CHECK POINTS OF EVERY 50 HOURS 


3EEAEAB1 P006A 


Cleanln Air Cleaner Element 


1. To clean the element, use clean dry compressed air on the 
inside of the element. 
Afr pressure at the nozzle must be under 210 kPa (2 .1 kgf/cm 2, 


30 psi). 
2. If the element is stained with carbon or oil , replace the element. 


■ IMPORTANT 
• Make sure the wing bolt for the element is tight enough. If 


it is loose, dust and dirt may be sucked, wearing down the 
cylinder liner and piston ring earlier and thereby resulting 
in poor power output. 


• Do not overservice the air cleaner element. 
■ NOTE 
• Replace the element once a year or every 6th cleaning. 


9Yl21031BGEG0019USO 


AcAUTION 
• Stop the engine when attempting the check and replace prescribed below. 
• Remember to check the fuel line periodically. The fuel line is subject to wear and aging, fuel may leak out 


onto the running engine, causing a fire. 


3EBAAAB0P011 A 


9Yl21 031BGEG0020USO 


Checking Gasoline Fuel Hose and Clamp Bands (WG972-E2, 
DF972-E2) 


Check the fuel hoses every 50 hours of operation. 
1. Since the fuel hose (2) is made of rubber, it ages regardless of 


the period of service. 
Replace the fuel hose together with the clamp every two years. 


2. However, if the fuel hose and clamp are found to be damaged 
or deteriorate earlier than two years, then replace or remedy. 


3. After the fuel hose and the clamp have been replaced, bleed the 
fuel system. 


(1 ) Clamp (2) Fuel Hose 


9Yl2103l8GEG0021USO 
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WG972-E2,DF972-E2,DG972-E2, WSM GENERAL 


Checking LPG Fuel Hose and Clamp Bands (DF972-E2) 


■ IMPORTANT 
• Never test for gas leaks with a FLAME. 


■ NOTE 
• Check for fuel leakage with soapy water or gas-detector, if 


leakage is found, correct leakage or replace the hose. 
9Yl210318GEG00220S0 


Checking Fuel Hose and Clamp Bands (OG972-E2) 


■ IMPORTANT 
• Never test for gas leaks with a FLAME. 
■ NOTE 
• Check for fuel leakage with soapy water or gas-detector, if 


leakage is found, correct leakage or replace the hose. 
9Yl210318GEG0023USO 


LPG Fuel Check 


1. Open the shut off solenoid valve on the tank. 
2. Check for 


a) Fuel tank to filter 
b) Filter to shut off solenoid valve 
c) Shut off solenoid valve to vaporizer 


9Yl210)18G~G0024USO 


Natural Gas Fuel Check 


1. Open the shut off solenoid valve on the tank. 
2. Check for 


a) Fuel source to filter 
b) Filter to shut off solenoid valve 
c) Shut off solenoid valve to regulator 


9Yl210318GEG002SUS0 


Checkin Batte Electro! te Level 


1 . Check the battery electrolyte level. 
2. If the level is below than lower level line, add the distilled water 


to pour level of each cell. 


AcAuTION 
• Never remove the vent plugs while the engine is running. 
• Keep electrolyte away from eyes, hands and clothes. 


If you are spattered with it, wash it away completely with 
water immediately and get medical attention. 


• Wear eye protection and rubber gloves when working 
around battery. 


9Yl210318GEG0026USO 
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WG972-E2,DF972- E2,DG972-E2, WSM GENERAL 


[4] CHECK POINTS OF EVERY 100 HOURS 


cf 
3EBAAAB0P012A 


Cleaning Spark Plug Gap 


1. Remove the spark plug, and remove carbon from the electrode 
with a wire brush or other tools. 


2. Measure the spark plug gap with a feeler gauge, and repair or 
replace the plug if the measured gap differs from the factory 
specification. 


3, Replace the plug if the electrode or the insulator is deformed or 
cracked. 


4. Tighten the plug with a plug wrench. 


Spark. plug gap Factory spec. 
0.60 to 0.70 mm 
0.024 to 0.027 in. 


I Spark plug I NGKBKR4E 


20 to 24N·m 
Tlghtening torque Spark plug 2.0 to 2.5 kgf,m 


15 to 18 lbf.ft 


9Y1210318GEG0027USO 


Checking Fuel Filter 


1. Check the fuel filter. 
2. If the fuel filter is dirty, clean it or replace it. 


AcAUTION 
• Stop the engine when attempting to check and clean the 


fuel filter. 
• Gasoline fuel is extremely flammable, so avoid fires. 


9Y1210318GEG002BOS0 


Fan Belt Tension 


1. Measure the deflection (A), depressing the belt halfway 
between the fan drive pulley and alternator pulley at specified 
force 98 N (10 kgf, 22 lbf}. 


2. If the measurement is not within the factory specifications, 
loosen the alternator mounting screws and relocate the 
alternator to adjust. 


Deflection (A) Factory spec. 


(A) Deflection 


G-13 


7.0lo9.0mm 
D.28 to 0.35 rn . 


9Yl21 031BGEG0001USO 
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WG972-E2,DF972-E2,DG972-E2, WSM 


3EEABAB1P019A 


(A) (B) 


MM 
3EEABAB1 P018A 


GENERAL 


Fan Belt Damage and Wear 


1. Check the fan belt for damage. 
2. If the fan belt is damaged, replace it 
3. Check if the fan belt is worn and sunk in the pulley groove. 
4. If the fan belt is nearly worn out and deeply sunk in the pulley 


groove, replace it. 


(A) Good (B) Bad 


9Yl21031BGEG00020SO 


[5] CHECK POINTS OF EVERY 200 HOURS 


(2) 


(1) 


Changing Engine Oil 


AcAUTION 
• Be sure to stop engine before changing engine oil. 


1. Start and warm up the engine for approx. 5 minutes. 
2. Place an oil pan underneath the engine. 
3. To drain the used oil , remove the drain plug (1) at the bottom of 


the engine and drain the oil completely. 
4. Screw the drain plug (1) . 
5. Fill new oil up to upper line on the dipstick (2). 


■ IMPORTANT 
• When using an oil of different maker or viscosity from the 


previous one, remove all of the old oil. 
• Never mix two different types of oil. 
• Engine oil should have properties of API classification SH. 
• Use the proper SAE Engine Oil according to ambient 


temperature. 


Above 25 •c (77 "F) SAE30 or SAE1 OW-30 


o ·c to 25 •c (32 °F to 77 °F) SAE20 or SAE10W-30 


Below o ' C (32 °F) SAE 1 OW or SAE1 OW-30 


I Engine oil capacity I 3.4 l 
0.90 U.S.gals 


33 lo 37 N·m 
Tightening torque Drain plug 3.3 lo 3.8 kgf·m 


24 to 27 lbMt 


(1) Drain Plug (2) Dipstick 


9Yl210318GEG00290S0 
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(1 ) 


3EEABAB1P022A 


Replacing Engine Oil Filter Cartridge 


(l) A CAUTION 


GENERAL 


• Be sure to stop the engine before changing filter cartridge. 
1. Remove the oil filter cartridge (1) with the filter wrench. 
2. Apply a slight coat of oil onto the new cartridge gasket. 
3. To install the new cartridge, screw it in by hand. Over tightening 


may cause deformation of rubber gasket. 
4. After the new cartridge has been replaced , the engine oil 


normally decrease a little. Thus see that the engine oil does not 
leak through the seal and be sure to read the oil level on the 
dipstick. Then, replenish the engine oil up to the specified level. 


■ IMPORTANT 
• To prevent serious damage to the engine, replacement 


element must be highly efficient Use only a KUBOTA 
genuine filter or its equivalent. 


(1) Engine Oil Filler Cartridge 


9Yl2l0318GEG00300SO 
Checking LPG Tank Setting Condition (DF972-E2) 


1. Check the setting condition of LGP fuel tank. 
9Yl210318GEG00310S0 


Checking Fuel Line Setting Condition (DG972-E2) 


1. Check the setting condition of fuel line. 
9Y1210318GEG0032USO 


Checkin Radiator Hoses and Clam Bands 


1. Check to see if the radiator hoses are properly fixed every 200 
hours of operation or every six months, whichever comes first. 


2. If the clamp is loose, apply oil to the threads and retighten it 
securely. 


3. The coolant hose is made of rubber and tends to age. It must be 
replaced every two years. Also replace the clamp and tighten it 
securely. 


(1) Upper Hose (2) Lower Hose 


9Y~210318GEG0033USO 


[6] CHECK POINTS OF EVERY 1 YEAR 


3EBAMB0P017 A 


{1) 


3EBAAAB0P11 C 


Replacing Air Cleaner Element 


1. Remove the dust cup from the air cleaner. 
2. After cleaning the dust cup, remove the air cleaner element. 
3. Replace the new air cleaner element. 


(1) Air Cleaner Element 


9Yl210318GEG0034USO 


Re lacin Gasoline Fuel Hose Clam Bands and Fuel Filter 
{WG972-E2, DF972-E2) 


1. Close the fuel tank cock. 
2. Replace the fuel filter (1) with a new one. 
3. Replace the hose (2) and clamp (3). 


{1 ) Fuel FIiter 
(2) Fuel Hose 


G-15 


(3) Clamp 


9Yl210318GEG0035US0 
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Replacing Fuel Filter (OG972-E2) 


1. Close the fuel line. 
2. Replace the fuel filter with a new one. 


9Yl 210318GEG0036USO 


Cleaning Fuel Tank Inside {for Gasoline Fuel) 


1. Following the unit / machine's operators manual, drain the 
gasoline fuel in the fuel tank. 


2. Clean the fuel tank inside. 
9Y1210318GEG0037 US O 


Cleaning Carburetor (WG972-E2, OF972-E2) 


1. Clean and check for leakage. 
2. Check throttle plate for dirt 


9Yl2103l8GEG00380S0 


Cleaning Gas Mixer (DG972-E2) 


1. Clean and check for leakage. 
2. Check throttle plate for dirt. 


9Yl210318GEG0039US0 
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3EEABAB 1 P014A 


3EEABAB1P015C 


Cleanin Water Jacket and Radiator Interior 


AcAUTION 


GENERAL 


• Do not remove the radiator cap when the engine is hot. 
Then loosen cap slightly to the stop to relieve any excess 
pressure before removing cap completely. 


1. Stop the engine and let cool down. 
2. To drain the coolant, open the radiator drain plug (2) and 


remove the radiator cap (1). Then radiator cap (1) must be 
removed to completely drain the coolant. And open the drain 
cock (3) of engine body. 


3. After all coolant is drained, close the drain plug. 
4. Fill with clean water and cooling system cleaner. 
5. Follow directions of the cleaner Instruction. 
6. After flushing , fill with clean water and anti-freeze until the 


coolant level is just below the port. Install the radiator cap (1) 
securely. 


7. Fill with coolant up to FULL "A" mark on the recovery tank (4). 
8. Start and operate the engine for few minutes. 
9. Stop the engine and let cool. Check coolant level of recovery 


tank (4) and add coolant if necessary. 
■ IMPORTANT 
• Do not start engine without coolant. 
• Use clean, fresh, soft water and anti-freeze to fill the 


radiator and recovery tank. 
• When the anti-freeze is mixed with fresh, soft water, the 


anti-freeze mixing ratio must be less than 50 %. 
• Securely tighten radiator cap. If the cap is loose or 


improperly fitted, water may leak out and the engine could 
overheat. 


(1) Radiator Cap 
(2) Drain Plug 
(3) Drain Cock 
(4) Recovery Tani< 


G-17 


A : FULL 
B : LOW 
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: -0"C 
~ -(32°F} 


3EEABAB1 P033A 


GENERAL 


Anti-Freeze 


• There are two types of anti-freeze available: use the permanent 
type (PT) for this engine. 


• Before adding anti-freeze for the first time, clean the radiator 
interior by pouring fresh , soft water and draining it a few times. 


• The procedure for mixing water and anti-freeze differs 
according to the make of the anti-freeze and the ambient 
temperature. Basically, it should be referred to SAE J1034 
standard, more specifically also to SAE J814c. 


• Mix the anti-freeze with fresh, soft water, and then fill into the 
radiator. 


■ IMPORTANT 
• When the anti-freeze is mixed with fresh, soft water, the 


anti-freeze mixing ratio must be less than 50 %. 


Vol% Freezing point Boiling point• 


anti-freeze ·c F ·c •F 


40 -24 -11 106 223 


50 -37 -35 108 226 


* At 1.01 x 100000 Pa (760 mmHg) pressure (atmospheric}. A 
higher boiling point is obtained by using a radiator pressure cap 
which permits the development of pressure within the cooling 
system. 


■ NOTE 
• The above data represents industrial standards that 


necessitate a minimum glycol content in the concentrated 
anti-freeze. 


• When the coolant level drops due to evaporation, add 
fresh, soft water only to keep the anti-freeze mixing ratio 
less than 50 %. In case of leakage, add anti-freeze and 
fresh, soft water in the specified mixing ratio. 


• Anti-freeze absorbs moisture. Keep unused anti-freeze in a 
tightly sealed container. 


• Do not use radiator cleanlng agents when anti-freeze has 
been added to the coolant. 
(Anti-freeze contains an anti-corrosive agent, which will 
react with the radiator cleaning agent forming sludge which 
will affect the engine parts.) 


9Yl21031BGEG0041USO 


[7] CHECK POINTS OF EVERY 1000 HOURS 
ReplacJng Spark Plug 


1. Disconnect the spark plug cap (1 ). 
"2. Remove the spark plug. 
3. Replace the new spark plug. 


Tightening torque Spark plug 


(1) Spark Plug Cap 


G-18 


20 to 24 N·m 
2.0 to 2.5 kgf·m 
15 to 18 lbMl 


9Yl21031BGEG0042USO 
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3EBAAAB0P01 SC 


(6) 


3EBAAAB0P01 6C 


GENERAL 


Checking Coolant Hose of LPG Vaporizer (OF972~E2) 


1. Check the coolant hoses (1) for damage. 
2. If the coolant hose is damaged, replace it 


(1) Coolant Hoses to Vaporizer 


9Yl210318GEG00430$0 


Checking Vacuum Lock Hose of LPG Vaporizer (DF972-E2) 


1. Check the vacuum lock hose (1) for damage. 
2. If the hose is damaged, replace it. 


(1) Vacuum Loci< Hoses 


9Yl21031 8GEG00440S0 


Draining Tar (Vapori2er for OF972-E2) 


1. Run the engine until it is warmed up. 
2. The shut off solenoid valve is shut and the engine is stopped 


naturally. 
3. Place an oil pan underneath the drain port. 
4. Remove the drain plug (4) , and drain tar. 
5. Tighten the plug. 


■ NOTE 
• Apply a liquid gasket (Three Bond 1104 or equivalent) to 


the thread of the plug. 


(1) Vaporizer 
(2) Coolant Hose 
(3) Wrench 


G-19 


(4) Drain Plug 
(5) Liquid Gasket 
(6) Joint 


9Y1210318GEG00450S0 
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EX IN EX IN EX IN 
..... A 


3EBAAAB1 P00SA 


GENERAL 


Checkin Valve Clearance 


■ IMPORTANT 
• The valve clearance must be checked and adjusted when 


engine is cold. 
1. Remove the cylinder head cover and the spark plugs. 
2. Align the "1TC" mark (1) on the flywheel and alignment mark (2) 


on the rear end plate so that the No. 1 piston comes to the 
compression top dead center. 


3. Check the following valve clearance marked with "*" using a 
feeler gauge. 


4. If the clearance is not within the factory specifications, adjust 
with the adjusting screw. 


5. Then turn the flywheel 6.28 rad (360 °), and align the "1TC" 
mark (1) on the flywheel and alignment mark (2) on the rear end 
plate so that the No. 1 piston comes to the overlap position. 


6. Check the following valve clearance marked with"* " using a 
feeler gauge. 


7. If the clearance is not within the factory specifications, adjust 
with the adjusting screw. 


Adjustable Cylinder Location Valve Arrangement 


of Piston Intake valve Exhaust valve 


No. 1 * * 
No. 2 * * 
No. 3 * * * : When No. 1 piston is at the compression top dead center position. 


* : When No. 1 piston is at the overlap position. 


Intake and exhaust valve 
clearance (cold) 


■ NOTE 


Factory spec. 
0.145 to 0.185 mm 
0.00571 to 0.00728 in. 


• The sequence of cylinder numbers is given as No. 1, No. 2 
and No. 3 starting from the gear case side. 


• After adjusting the valve clearance, secure the adjusting 
screw with the lock nut. 


(1) "1TC" Mark A : Gear Case Side 
(2) Al ignment Mark 


9Yl210318GEG0046USO 
Cleaning Cylinder Head 


1. Remove the carbon from cylinder head with a wire brush or their 
tools. 


■ NOTE 
• Do not scratch the cylinder head with a wire brush. 


9Yl210318GEG0047USO 
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3TMABAB1 P059A 


0 0 
(1 ) (2) (3) 


3TMABAB1 P060A 


GENERAL 


Checking Valve Seats 


1. Coat the valve face lightly with prussian blue and put the valve 
on its seat to check the contact. 


2. If the valve does not seat all the way around the valve seat or 
the valve contact is less than 70 %, correct the valve seating as 
follows. 


3. If the valve contact does not comply with the reference value, 
replace the valve or correct the contact of valve seating. 


Valve seat width 


(1) Correct 
(2) Incorrect 


Factory spec. 
2.12mm 
0.0835 in. 


(3) Incorrect 


9Y1210318GEG00 480S0 


[8] CHECK POINTS OF EVERY 2 YEARS 
Re lacin Intake Air Line 


1. Replace the intake hose and the clamps between the air cleaner 
and the carburetor or gas mixer. 


9Yl210318GEG00490S0 


Replacing LPG Fuel Hose and Clamp Bands (DF972-E2) 


1. Replace the fuel hose and the clamps. 
9Yl210318GEG00500S0 


Replacing Fuel Hose and Clamp Bands (DG972-E2) 


1. Replace the fuel hose and the clamps. 
9YL21031BGEG005l□S0 


Replacing Coolant Hose of LPG Vaporizer (DF972-E2) 


1. Connect the new coolant hose (1) and (2) to the vaporizer (3). 
2. Hold the joint of vaporizer upward. 
3. The coolant replenished to radiator, and bleed the air from the 


vaporizer (3). 


(1) Coolant Hose A : Joint 
(2) Coolant Hose 
(3) Vaporizer 


9YL210318GEG00520SO 
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Replacing Vacuum Lock Hose of LPG Vaporizer (DF972-E2) 


1. Connect the new vacuum lock hose (1 ). 


(1) Vacuum lock Hose 


Checking Primary Chamber (DF972-E2) 


■ IMPORTANT 


9Yl210318GEG00530SO 


• When checking the fuel system after completely 
consuming the fuel in piping. 


• Treat a seal tape or liquid gasket when install each 
connector. 


1 . Run the engine until is warmed up. 
2. Shut a shut off solenoid valve and the engine stopped naturally. 
3. Disconnect the plug (1 ). 
4. Set the pressure gauge (2). 
5. Open a shut off solenoid valve and the engine is started. 
6. Check the pressure. 
7. If the pressure is not within the factory specification, replace the 


vaporizer. 


30 to 34 kPa 
Pressure Factory spec. 0.30 to 0,35 kgf/cm2 


4.3 to 4.9 psi 


(1) Plug (2) Pressure Gauge 


9Yl21031 8GEG00 54 0S0 


Checking Air Tight of Secondary Chamber (OF972-E2) 


1. Disconnect the vapor hose (1) from the mixer side. 
2. Blow a breath lightly or compressed air (9.8 kPa, 0.10 kgf/cm2, 


1.4 psi). 
3. Make sure that there is no air leak. 
4. If there is a leakage, replace the vaporizer. 


(1) Vapor Hose 


9Yl210318GEG0055 USO 


Checking Vacuum Lock System (DF972-E2) 


1. After warming up, and set the low idling speed. 
2. Disconnect the vacuum lock hose (1 ), and close the joint 


manifold by finger. 
3. Make sure that the engine stops. 


(1) Vacuum Lock Hose (2) Joint 


9Y1210318GEG005 60S0 
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(1) 


3EEABAB1 P022A 


GENERAL 


Bands 


.AcAUTION 
• Do not remove the radiator cap when the engine is hot. 


Then loosen cap slightly to the stop to relieve any excess 
pressure before removing cap completely. 


1. Drain the coolant. 
2. Loosen the clamp bands. 
3. Remove the upper hose (1 ) and lower hose (2) . 
4. Replace new upper/ lower hose (1 ), (2) and clamp bands. 
5. Tighten the clamp bands. 
6. Fil! with clean water and anti-freeze until the coolant level is just 


below the port. Install the radiator cap securely. 


(1) Upper Hose (2) Lower Hose 


9Y l 210318GEG00570SO 


Replacing Battery 


AcAUTION 
• When the battery is being activated, hydrogen and oxygen 


gases In the battery are extremely explosive. Keep open 
sparks and flames away from the battery at all times, 
especially when charging the battery. 


• When charging battery, remove battery vent plugs. 
• When disconnecting the cable from the battery, start with 


the negative terminal first. When connecting the cable to 
the battery, start with the positive terminal first. 


• Never check battery charge by placing a metal object 
across the posts. 


1. Disconnect 1he negative terminal and positive terminal. 
2. Remove the battery holder. 
3. Remove the used battery. 
4. Replace the new battery. 
5. Tighten the battery holder. 
6. Connect the positive terminal. 
7. Connect the negative terminal. 


9Yl210318GEG00580SO 
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(1) 


3EEABAB1 P01 4A 


(2) 


3EEABAB1 P032A 


3EEABAB1 P015B 


Chan in Radiator Coolant L.L.C. 


AcAUTION 


GENERAL 


• Do not remove the radiator cap when the engine is hot. 
Then loosen cap slightly to the stop to relieve any excess 
pressure before removing cap completely. 


1. Stop the engine and let cool down. 
2. To drain the coolant, open the radiator drain plug (2} and 


remove the radiator cap (1) . Then radiator (1) must be removed 
to completely drain the coolant. And open the drain cock of 
engine body. 


3. After all coolant is drained, close the drain plug. 
4. Fill with clean water and cooling system cleaner. 
5. Follow directions of the cleaner instruction. 
6. After flushing, fill with clean water and anti-freeze until the 


coolant level is just below the port. Install the radiator cap (1) 
securely. 


7. Fill with coolant up to FULL"A" mark on the recovery tank (3). 
8. Start and operate the engine for few minutes. 
9. Stop the engine and let cool. Check coolant level of radiator and 


recovery tank (3) and add coolant if necessary. 
■ IMPORTANT 
• Do not start engine without coolant. 
• Use clean, fresh, soft water and anti-freeze to fill the 


radiator and recovery tank. 
• When the anti-freeze is mixed with fresh, soft water, the 


anti-freeze mixing ratio must be less than 50 %. 
• Securely tighten radiator cap. If the cap is loose or 


improperly fitted, water may leak out and the engine could 
overheat. 


(1) Radiator Cap 
(2) Drain Plug 
(3) Recovery Tank 


G-24 


A: Full 
B: Low 


(To be continued) 
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(Continued) 


3EEABAB1P033A 


GENERAL 


(Anti-freeze) 
• There are two types of anti-freeze available: use the permanent 


type (PT) for this engine. 
• Before adding anti-freeze for the first time, clean the radiator 


interior by pouring fresh, soft water and drain it a few times. 
• The procedure for mixing water and anti-freeze differs 


according to the make of the anti-freeze and the ambient 
temperature. Basically, it should be referred to SAE J1034 
standard, more specifically also to SAE J814c. 


• Mix the anti-freeze w.ith fresh , soft water, and then fill into the 
radiator. 


■ IMPORTANT 
• When the anti-freeze is mixed with fresh, soft water, and 


anti-freeze mixing ratio must be less than 50 %. 


Vol% Freezing point Boiling point• 


anti-freeze "C •F ·c •F 


40 -24 -11 106 223 


50 -37 - 35 108 226' 


• At 1.01 x 100000 Pa (760 mmHg) pressure (atmospheric). A 
higher boiling point is obtained by using a radiator pressure cap 
which permits the development of pressure within the cooling 
system. 


■ NOTE 
• The above data represents industrial standards that 


necessitate a minimum glycol content in the concentrated 
anti-freeze. 


• When the coolant level drops due to evaporation, add 
fresh, soft water only to keep the anti-freeze mixing ratio 
less than 50 %. In case of leakage, add anti-freeze and 
fresh, soft water in the specified mixing ratio. 


• Anti-freeze absorbs moisture. Keep unused anti-freeze in a 
tightly sealed container. 


• Do not use radiator cleaning agents when anti-freeze has 
been added to the coolant. 
(Anti-freeze contains an anti-corrosive agent, which will 
react with the radiator cleaning agent forming sludge which 
will affect the engine parts.) 


9Yl210318GEG0059 USO 
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5. SPECIAL TOOLS 


3EBMABOP022A 


3EBMAB0P023A 


ijfil ~ i i 
® ® @ • 


(1) (2) (3) (4) (5) (6) 


ij ij 
® ® 


(7) (8) 


3TMABAB0P 112A 


3EBMAB0P024A 


Timing Light 


Application 
• Use to adjust the ignition timing. 


Compression Tester 


Code No. 
• 07909-30251 


Application 


GENERAL 


WSMOOO 0filGEG008 90SO 


• Use to measure gasoline engine compression and diagnose the 
engine for a major overhaul. 


Oil Pressure Tester 


Code No. 
• 07916-32032 


Application 
• Use to measure lubricating oil pressure. 


(1) Gauge 
(2) Cable 
(3) Threaded Joint 
(4) Adaptor 1 


Pressure Gau e 


Specification 
• 98 kPa (1.0 kgf/cm2, 14 psi) 


Application 


(5) 
(6) 
(7) 
(8) 


• Check the pressure of vaporizer. 


G-26 


Adaptor 2 
Adaptor 3 
Adaptor 4 
Adaptor 5 


WSMOOOOOlGEGOOBBUSO 
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3TMABABOP0638 


J 


K -
L 


3TMABABOP0648 


A 


B C 


0 E F 


C2 


3EEACAA 1 P069A 


GENERAL 


Application 
• Use to press out and press fit the valve guide. 


A 200 mm (7 .87 in.) 


B 80 mm (3.1 In.) 


C 40 mm (1.6 in.) 


D 20 mm dia . (0.79 in. dia.) 


E 9.960 to 9.9B0 mm dia . (0.3922 to 0.3929 in. dia.) 


F 5.50 to 5.70 mm dia. (0.217 to 0.224 in. dia.) 


G 15 mm (0.59 In.) 


H 6.00 to 6.10 mm dia. (0.237 lo 0.240 in. dia.) 


I 5 mm (0.2 In.) 


J 18 mm dia. (0.71 in. dia .) 


K 10.6 to 10.7 mm dia.. (0.418 to 0.421 in.. dia.) 


L 7 mm (0.3 In.) 


C1 Chamfer 1.0 mm (0.039 In.) 


C2 Chamfer 2.0 mm (0,079 in .) 


C0.3 Chamfer 0.3 mm (0,01 in.) 


9Yl2103 18GEG00600S0 


Bushing Replacing Tool 


Application 
• Use to press out and to press fit the bushing. 


[For small end bushing] 
A 145 mm (5.71 in.) 


B 20 mm (0.79 in.) 


C 100 mm (3.94 in.) 


D 19.90 to 19.95 mm (0.7835 to 0.7854 in.) 


E 21 .90 to 21.95 mm dia. (0.8622 to 0.8641 in. dia.) 


F 25 mm (0.98 in .) 


a 6.3 µm (250 µin .) 


b 6.3 µm (250 JJln.) 


[For idle gear bushing] 
A 150 mm (5.91 In.) 


B 20 mm (0.79 in .) 


C 100 mm (3.94 in.) 


D 19.90 to 19.95 mm (0.7835 to 0.7854 in.) 


E 21 .90 to 21 .95 mm dia . (0.8622 to 0.8641 in. dia.) 


F 25 mm (0.98 In.) 


a 6.3 µm (250 µin .) 


b 6.3 µm (250 µin .) 


9Y l 2103l~GEG00610S0 
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A 


B 
D 


C 


3TMABABOP067E 


A 


3GFABABOP041 A 


Flywheel Stopper 


Application 
• Use to loosen and tighten the flywheel screw. 


A 20 mm (0.79 In,) 


B 15 mm (0.59 in.) 


C 10 mm dia . (0.39 in . dia.) 


D 30 mm (1 .2 in.) 


E 8 mm (0.3 in.) 


F 200 mm (7.87 in .) 


GENERAL 


9Yl210318GEG0062USO 


Crankshaft Bearing 1 Replacing Tool 


Application 
• Use to press out and press fit the crankshaft bearing 1. 


[Press Out] 
A 135 mm (5.31 in.) 


B 72 mm (2.8 in.) 


C 40 mm radius (1 .6 in. radius) 


D 10 mm (0.39 in.) 


E 22 mm (0.87 in.) 


F 20 mm dia. (0.79 in. dia.) 


G 47.90 to 47.95 mm dia. (1.886 to 1.887 in. dia.) 


H 43.90 to 43.95 mm dla. (1 .729 lo 1.730 in. dla.) 


[Press Fit] 
A 130 mm (5.12 in.) 


B 72 mm (2.8 in.) 


C 40 mm radius (1.6 in. radius) 


D 9 mm (0.4 in.) 


E 24 mm (0.94 in.) 


F 20 mm (0. 79 In.) 


G 68 mm dia. (2 .7 in. dia.) 


H 43 .90 to 43 .95 mm dia . (1 .729 to 1.730 in. dla.) 


9Yl2 10318GEG0063USO 
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0 


3EBAAAB0P025A 


Valve Stem Seal Replacing Tool 


Application 
• Use to press fit the valve stem seal. 


A 17.5 mm dia. (0.689 in. dia.) 


B 13.7 to 13.9 mm dia. (0.540 lo 0.547 in. dia.) 


C 11 .0 to 11 .2 mm dia. (0.433 lo 0.440 in. dia.) 


D 75 mm (3.0 in .) 


E 60 mm (2.4 in.) 


F 45 mm (1 .8 in.) 


G 11 .5 to 11 ,6 mm (0.453 lo 0.456 In.) 


H 8.5 mm (0.33 in.) 


I 37 .5 mm (1.48 in.) 


J 6 mm dia. (0.2 in. dia.) 


K 6 mm dia. (0.2 in. dia.) 


L R30 


M 26 mm dia. (1.0 in . dia .) 


a Chamfer 0.3 mm (0.01 in.) 


b Chamfer 0.4 mm (0.02 in.) 


C Chamfer 0.2 mm (0.008 in.) 


G-29 


GENERAL 


9Yl210318GEG0064USO 


KiSC issued 06, 2009 A 







Page 50 of 153


WG972-E2,DF972-E2,DG972-E2. WSM 


3EBAAABOP026A 


GENERAL 


Electronic Governor Serv1ce Tool (WG972-E2, OF972-E2) 


■ NOTE 
• Many applications are delivered pre-configured, calibrated, 


and tuned. These units do not require the use of the Service 
Tool. 
The Service Tool software Is used to troubleshoot the electronic 


governor. 
The Service Tool software resides on a PC (Personal computer) 


and communicates to the electronic governor through connector 
pins 4 and 6. An external RS-232 transceiver s necessary to make 
communications possible with the Woodward L-Series Service 
Tool. 


The following hardware is required to work with the L-Series 
control : communication port, and Windows 95 / 98 / 2000 I NT/ Me 
I XP as the operating system. 
• PC-compatible laptop or desktop computer with at least one 


available serial communications port, and Windows 95 / 98 l 
2000 I NT/ Me / XP as the operating system. 


• Oatalink harness 
A connectivity kit {Woodward No, 8923-1061) can be purchased 
from Woodward to accomplish this. 
In addition to the hardware, the following are the distributions of 


tool software needed to communicate with the control : 
• Woodward part number 9927-1222, L-Series Service Tool. 


AcAUTION 
• There is a potential for serial port damage when 


communicating with the L•Series control. This is caused by 
a difference in AC voltage between neutral and earth 
ground. If the PC RS-232 port ground is referenced to AC 
neutral, and the L-Series control is referenced to battery 
ground (AC earth ground), a large amount of current can be 
experienced. To avoid this situation, we strongly 
recommend placing an isolation transformer between the 
AC outlet and the PC. 


(1) Connectfvity Kit 


G-30 


A : To Actuator 
B : From Engine Control Harness 
C : To Personal Computer 


9Yl210318GEG0065USO 
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1. ENGINE BODY 
[1] CYLINDER BLOCK 


3EBAAAB 1 P054A 


ENGINE 


The engine has a high durability tunnel-type cylinder 
block in which the crank bearing component is a 
constructed body. Furthermore, liner less type, allow 
effective cooling, less distortion, and greater wear 
resistance. The noise level is reduced to a minimum 
because each cylinder has its own chamber. 


To increase the rigidity of the cylinder block, parts of 
engine block which support main bearing case has 
thicker rib for additional rigidness to improve noise and 
vibration. 


9Yl21 031 8ENM0001 USO 


[2] HALF-FLOATING HEAD COVER 


3EEABA81 P0D4A (2) 


The rubber packing is fitting in to maintain the head 
cover 0.5 mm {0.02 in.) or so off the cylinder head. This 
arrangement helps reduce noise coming from the 
cylinder head. 


(1) Cylinder Head Cover 


1-M1 


(2) Rubber Packing 


9Yl 21031 BENM00 020S0 
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[3] CYLINDER HEAD 


f3EBAAA,B l F!056A 


[4] CRANKSHAFT 


(1) 


3EBAAAB1P057A 


(2) 


~ -==~ ~ - (2) 


--=~~ --(3) 


(5) 


(6) 


(5) 


ENGINE 


Intake and Exhaust Port 


The cross-flow type intake / exhaust ports , which 
lower the heat conduction from the exhaust port to the 
intake port. The low heat conduction keeps the intake air 
from being heated and expanded by the exhaust gas. 


(1) Intake Port 


Combustion System 


(2) Exhaust Port 


9Yl210318ENM000JOSO 


The Spark Ignition type combustion chamber, 
compactly placed on top of the piston head, successfully 
reduces emissions. To ensure even more reliable 
emission life, the intake I exhaust valve seats are fitted 
with special heat resistant stellite alloys. 


(1) Valve (4) Piston 
(2) Valve Seat (5) Spark Plug 
(3) Main Combustion Chamber 


9Yl210318EN~00040S0 


The crankshaft with the connecting rod converts the 
reciprocating motion of the piston into rotating motion. 
The crankshaft (2) has oil passages drilled so that oil can 
flow from the main bearings to the crank pin bearings. 


The front journal is supported by a sleeve type 
bearing ( crankshaft bearing 1) ( 1), the intermediate 
journal by a split type (crankshaft bearing 3) (4), and the 
rear by a split type (crankshaft bearing 2) (6) with thrust 
bearings (5). 


(1) Crankshaft Bearing 1 
(2) Crankshaft 
(3) Feather Key 


1-M2 


(4) Crankshaft Bearing 3 
(5) Thrust Bearing 
(6) Crankshaft Bearing 2 


9Y12 103 18ENM0005USO 
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[5] PISTON AND PISTON RING 


(1 ) 


(5) 


3EBAAA81 P0588 


3EEACAA 1 P002A 


[6] OIL PAN 


(3) 


3EBAAAB1P059A 


(2) 
P2ZA 


(3) 


em 
(4) 


~ 


(1) 


(1) 


(2) 


Piston and Piston Ring 


Expansion Control Piston: 


ENGINE 


The thermal expansion is suppressed to the 
minimum by the adoption of the strut (5). The piston 
head has the combustion chamber (1) with the concave 
of bathtub shaped type. 
Top Ring: 


Barrel-faced type has an ideal shape in terms of 
lubrication theory in order to prevent abnormal wear due 
to edge loading at the time of initial running-in, and it is 
very effective in prevention of blow-by. 
Second Ring: 


Barrel-faced type has an ideal shape in terms of 
lubrication theory in order to prevent abnormal wear due 
to edge loading at the time of initial running-in , and it Is 
very effective in prevention of blow-by. 
Oil Ring: 


Oil ring consists of three steel components, that is 
upper and lower rails and one spacer being held 
between two rails . This function is particularly effective in 
preventing oil-up because of high boost at the time of 
engine coasting. 


(1) Combustion Chamber 
(2) Top Ring 
(3) Second Ring 


(4) Oil Ring 
(5) Strut 


9Yl210318ENM0006USO 


Piston Skirt 


Piston's skirt is coated with molybdenum 
disulfide* , which reduces the piston slap noise and 
thus the entire operating noise. * Molybdenum disulfide (Mo52) 


The molybdenum disulfide serves as a solid 
lubricant, like a Graphite or Teflon. This material helps 
resist metal wears even with little lube oil. 


(1) Molybdenum Disulfide 


9Yl2103 18ENM00070S0 


The oil pan is expanded under the gear case. 
Therefore, the height of the engine can be lowered more 
than so far while securing a necessary amount of oil. 


(1) Gear Case 
(2) 011 Pan 


1-M3 


(3) Crank Case 


9Yl2 10318ENM00080S0 
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[7] CONNECTING ROD 


(2) 


(4) 


3EEAAAA 1 P0258 


1-(5) 


[8] CAMSHAFT 


(4) 


3EBAAAB 1 P060B 


[9] FUEL CAMSHAFT 


(4) 
(3) 


(2) 


{1J &o 
~8 


3EBAAAB1 P061 A 


(5) (6) 


ENGINE 


The connecting rod (2) is used to connect the piston 
with the crankshaft . The big end of the connecting rod 
has a crankpin bearing (3) (split type) and the small end 
has a small end bushing (1) (solid type) . 


(1) Small End Bushing 
(2) Connecting Rod 
(3) Crankpin Bearing 


(4) Connecilng Rod Cap 
(5) Connecting Rod Screw 


9¥12 10319ENM0009USO 


The camshaft (1) is made of special cast iron, and 
the journal and cam sections are chilled to resist wear. 


The cams on the camshaft cause the intake and 
exhaust valves to open as the camshaft rotates. The 
bearing and journals are force-lubricated. 


(1 ) Camshaft (3) Camshaft Stopper 
(2) Feather Key (4) Cam Gear 


9Yl21031BENM0010USO 


The camshaft (10) is equipped with stee\ ball (2) to 
control the governor. 


Power can be taken out from this shaft. (Side PTO). 


(1) Injection Pump Gear 
(2) Steel Ball 
(3) Governor Sleeve 
(4) Steel Ball 
(5) Governor Ball Case 
(6) Governor Sleeve Snap Ring 


1-M4 


(7) Stopper 
(6) Ball Bearing 
(9) Feather key 
(10) Fuel Camshaft 
(11) Ball Bearing 


9Yl21031BENM00ll□S0 
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[1 0] ROCKER ARM ASSEMBLY 


(2) 


3EBAAAB1 P062A 


ENGINE 


The rocker arm assembly includes the rocker arms 
(2) and adjusting screws (1 ), the end of which rests on 
the push rods, rocker arm brackets (4) and rocker arm 
shaft (3). 


The rocker arms swing and transmits the 
reciprocating motion of the push rods to the inlet and 
exhaust valves to open and close them. 


(1) Adjusting Screw 
{2) Rocker Arm 


(3) Rocker Arm Shaft 
(4) Rocker Arm Bracket 


9Y1210'31BENMOO 12USO 


[11] INLET AND EXHAUST VALVES 
(1,) ~ {2) (3) (4) 


.., 
(5) ;;-· . . .. 
(6) 


3EBAAAB1 P063B 


[12] FLYWHEEL 


(1) 
3EBAAAB 1 P064A 


The valve and its guide for the inlet are different from 
those for the exhaust. 


Other parts, such as the spring (4), spring retainer 
(3), collet (2), stem seal (5), and cap (1) are the same for 
both the inlet and exhaust. 


(1) Valve Cap (5) Stem Seal 
(2) Collet (6) Valve Gulde 
(3) Spring Retainer (7) Inlet Valve 
(4) Spring (8) Exhaust Valve 


9Yl210318ENM0013USO 


The flywheel (2) is connected with the crankshaft ( 1), 
it stores the rotating force in the combustion stroke as 
inertial energy to rotate the crankshaft smoothly. 


The flywheel periphery is provided with marks 
showing fuel injection timing and top dead center. 


The flywheel has gear teeth around its outer rim, 
which mesh with the drive pinion of the starter. 


(1) Crankshaft 
(2) Flywheel 


1-M5 


(3) Flywheel Mounting Screw 


9Yl210318ENHOOlqoso 
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[13]CLOSED BREATHER 


3EBAAAB1 P065B 


ENGINE 


Blow-by gas (a) from crankcase is deoiled in the 
breather assembly (3) and sends to the air cleaner 
flange (2) where the blow-by gas (a) is mixed with the 
intake air (b). 


(1) Breather Hose (a) Blow-by Gas 
(2) Air Cleaner Flange (b) Intake Air 
(3) Breather Assembly 


9Yl210318ENN00150SO 


1-M6 
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2. LUBRICATING SYSTEM 
[1) GENERAL 


3EBAAAB1 P066B 


(A) Piston 
(BJ Rocker Arm and Rocker 


Arm Shaft 


(C) Camshaft 
(D) Oil FIiter Cartridge and 


Relief Valve 


ENGINE 


(B) (C) 


(D) 


(E) 011 Strainer (F) Oil Pump 


The lubricating system consists of an oil strainer, an oil pump, a relief valve, an oil filter cartridge and an oil 
pressure switch. The oil pump sucks the lubricating oil in the oil pan through the strainer and sends it to the oil filter 
cartridge, where the oil is further filtered. 


The filtered oil is forced to the crankshaft, the connecting rods, the idle gear, the camshaft and the rocker arm 
shaft through the oil passage in the cylinder block and the shafts to lubricate the bearings. 


Some oil , splashed by the crankshaft or thrown off from the bearings, lubricates other engine parts: the pistons, 
the cylinder walls, the piston pins, the tappets, the push rods, the timing gears, and the inlet and exhaust valves. 


9Y l 210318ENM00 16USO 


1-M7 
KJSC Issued 06, 2009 A 







Page 60 of 153


WG972-E2,0F972-E2,DG972-E2, WSM 


[2] OIL PUMP 


(C) (D) (A) 


.....---.... 
(I) • i') 


,, 


(B) 


~ 


~@ 
(4) (3) 


3TAAAAB1P01 5D 


[3] RELIEF VALVE 


3EBAAAB1P067A 


(4] OIL FILTER CARTRIDGE 


( I ) 


3EBMAB1P068A 


ENGINE 


The oil pump is a trochoid pump, whose rotors have 
trochoid lobes. The inner rotor (2) has 4 lobes and the 
outer rotor (4) has 5 lobes. and they are eccentrically 
engaged with each other. The inner rotor, which is driven 
by the crankshaft through the gears, rotates 1he outer 
rotor in the same direction, varying the space between 
the lobes. 


While the rotors rotate from (A) to (B), the space 
leading to the inlet port increases, which causes the 
vacuum to suck in the oil from the inlet port. 


When the rotors rotate to (C), the space between 
both rotors switches from the inlet port to the outlet port. 
At (D), the space decreases and the sucked oil is 
discharged from the outlet pon. 


(1) Inlet Port (3) Outlet Port 
(2) Inner Rotor (4) Outer Rotor 


9Yl 21 03 18EN~0011 0S0 


The relief valve prevents the damage to the 
lubricating system due to the high pressure of the oil. 


This relief valve is a ball direct acting type , and is 
best suited for low pressures. 


When the pressure of the oil , forced by the pump, 
exceeds the specified value, the oil pushes back the ball 
(2) and escapes to the oil pan. 


(1) Spring (3) Valve Seat 
(2) Ball 


9Y 21031BENM001BUSO 


After lubricating, the lubricating oil brings back 
varlous particles of grit and dirt to the oil pan. Those 
particles and the impurities in the lubricating oil can 
cause wear or seizure of the engine parts. It may also 
impair the physical and chemical properties of the oil 
itself. 


The lubricating oil which is force-fed by the pump, is 
filtered by the filter cartridge with the filter element (2) . 


When the filter element accumulates on excessive 
amount of dirt and the oil pressure in the inlet line builds 
up by 98 kPa (1 .0 kgf/cm2, 14 psi) more than the outlet 
line, the bypass valve (1) opens to allow the oil to flow 
from the inlet into the outlet line, bypassing the filter 
element 


(1) Bypass Valve 


1-MS 


(2) Filter Element 


9Y121031 BENM00190S 0 
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[SJ OIL PRESSURE SWITCH 


(2) 


(3} 


l (4) 


l (5) 


(6} 


{7) ~ 


3EBAAAB1 P069A 


ENGINE 


The oil pressure switch is mounted on the cylinder 
block and is led to the lubricating oil passage. 


When the oil pressure falls below the specified value, 
the oil pressure warning 1Iamp lights. 


1-M9 


(1) Terminal 
(2) Insulator 
(3) Spring 
(4) RubberGasket 
(5) Contact Rivel 
(6) Contact 
(7) 011 Switch Body 


(A] At the proper oil pressure 
(BJ At lower oil pressure, 50 


kPa (0.5kgflcml, 7 psi) or 
less 


9Y121031BENM00200S0 
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3. COOLING SYSTEM 
[1] GENERAL 


(2) (3) (4} 


l 


3EBAAAB 1 PO?0A 


[2] COOLING FIN 


[3] WATER PUMP 


3EBMAB1P072A 


ENGINE 


The cooling system consists of a radiator (1) , a 
centrifugal water pump (4), a suction fan (2) and a 
thermostat (3). 


The coolant is cooled through the radiator core, and 
the fan behind the radiator pulls the cooling air through 
the core to improve cooling. 


The water pump sucks the coolant from the radiator 
or from the cylinder head and forces it into the cylinder 
block. 


The thermostat opens or closes according to the 
coolant temperature, to allow the coolant to flow from the 
cylinder block to the radiator while open, or only to the 
water pump while closed. 


Thermostat's valve 
opening temperature 


(1 ) Radiator 
(2) Coonng Fan 
(3) Thermostat 


Factory 
spec. 


69.5 to 72 .5 ·c 
157.1 to 162.5 °F 


(4) Water Pump 
(5) Cylinder Head 
(6) Cylinder Block 


9Yl 210318ENM 00210S0 


The cooling fin is set up around the oil passage in the 
gear case. 


Therefore, the temperature of oil is decreased by the 
wind generated by the cooling fan. 


(1) Cooling Fin 


9Yl 210318ENM002 2USO 


The water pump is driven by the crankshaft and a V 
belt. The rotating impeller (4) in the water pump sucks 
the coolant from the radiator and sends it into the water 
jacket in the cylinder block. 


The mechanical seal (3) prevents the water from 
entering the bearing unit (1) . 


(1) Bearing Unit (3) Mechanical Seal 
(2) Water Pump Body (4} Impeller 


9Y12 1 031 8ENM0023 US0 


1-M10 
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[4] THERMOSTAT 


(1) 


(4) (5) (6) 


3EBAAAB 1 P0738 


3EBAAAB1 P074B 


[5] RADIATOR 


3TAMAB1P0198 
(2) 


ENGINE 


The thermostat is of the wax pellet type. 
The thermostat controls the flow of the coolant to the 


radiator to keep the proper temperature. 
The case, which serves as a valve seat, has a 


spindle inserted in the pellet (3) which is installed to the 
valve (2) . The spindle is covered with the synthetic 
rubber (5) in the pellet. 


The wax is charged between the pellet and the 
rubber. 
■ At low temperature (lower than 71 °C (160 °F)) 


The valve (2) is seated by the spring (7) and the 
coolant circulates in the engine through the water return 
hose without running into the radiator. Only the air in the 
water jacket escapes to the radiator through the leak 
hole of the thermostat. 
■ At high temperature (higher than 85 °C (185 °F)) 


As the coolant temperature rises. the wax in the 
pellet (3) turns liquid and expands, repelling the spindle, 
which causes the pellet to lower. The valve (2) opens to 
send the coolant to the radiator. 


(1) Seal (5) Synthellc Rubber(6)Wax 
(2) Valve (Solid) 
(3) Pellet (7) Spring 
(4) Spindle (8) Wax (liquld) 


9Yl210318ENM00240S0 


The radiator core consists of coolant carrying tubes 
(1) and fins (2) meeting at a right angle with the tubes. 
The fin is a louverless, corrugated type which is light in 
weight, high in heat exchange ratio and less apt to clog . 


The coolant in the tubes is cooled by the air flowing 
through the tube walls and fins. 


(1) Tube 
(2) Fin 


1-M11 


A : Cooling Air 


9Yl210318SNM002SU50 
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[6] RADIATOR CAP 


(1) 
3EBAAAB 1 P075A 


3EBAAAB1 P076A 
(2) 


[7] VAPORIZER (DF972-E2) 


(2) 0 


(3) ¢ ---


3EBAAA81 P0n A 


ENGINE 


The pressure type radiator cap prevents differences 
in pressure between the inside and the outside of the 
radiator from deforming the radiator. 


When the coolant temperature rises and the 
pressure in the radiator increases above the specified 
pressure, the pressure valve (1) opens to reduce the 
internal pressure. 


When the coolant temperature falls and a vacuum 
forms in the radiator, the vacuum valve (2) opens to 
introduce the air into the radiator. 


(1) Pressure Valve (Opening (2) Vacuum Valve 
pressure 88 k.Pa 
(0.90 kgflcm2 , 13 psi)) 


~Yl210319ENM00260S0 


When evaporating by primary chamber of vaporizer 
liquid LPG needs the evaporation heat. 


This vaporizer installs the water jacket, throws the 
coolant of engine, heats primary chamber, promotes 
evaporation, and prevents valves being frozen. 


(1) Vaporizer (3) Hot Coolant Out 
(2) Hot Coolant In 


9Yl2 1031BE~M00270S0 


1-M12 
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4 FUEL SYSTEM 
(1] GENERAL 
(1) WG972-E2, DF972-E2 


[A] [BJ 


3EBAAAB 1 P078C 


(1) WG Carburetor 
(2) Gasoline Cut Off Solenoid 
(3) F'uel Feed Pump 
(4) Fuel Filter 
[5) Gasoline Cock· 
(6) Gasoline Tank• 
(7) LPG Cut Off Solenoid 
(8} DF Carburetor 


WG972-E2: 


(6) 


(8)---!-o 


(2)-4~~ 


(9) Vapor Hose• (a) Gasoline Line 
(10) Vaporizer (b) Gaseous Propane Line 
(11) LPG Shut Off Solenoid Valve• (c) Liquid Propane Line 
(12) LPG Filter• (d) Vacuum Line 
(13) LPG Manual Valve• (e) Hot Coolant Out Line 
(14)LPGTank• (f) HotCoolantlnLine 
(15) Vacuum Hose• 
(16) Coolant Hose• 


[A) WG972-E2 
[BJ DF972-E2 


ENGINE 


(13) 


Component Marked • Is Not 
Provided by KUBOTA 


The fuel is fed from the gasoline tank (6) through the fuel filter (4) to the WG carburetor (1) by the fuel feed pump 
(3) . 
DF972-E2: 


This fuel system has 2 ways. Gasoline fuel is the same as WG972-E2. 
For LPG fuel, the liquid fuel stored in the LPG tank (14) is sent to vaporizer (10) by pressure in the gaseous phase 


in the tank through the LPG filter (12) and LPG shut off solenoid valve (11). 
The liquid fuel is evaporated in vaporizer and is sent to the OF carburetor (8) as a gaseous fuel of gas pressure 


near the atmospheric pressure. The OF carburetor (8) mixes the gas and air is supplied in the cylinder. 
9Yl210318E~M0028USO 
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(2) DG972-E2 


9Yi210318ENM001A 


(1) Gas Mixer 
(2) Gas Hose 


DG972-E2: 


(1) 


(a) 


(3) Gas Regulator 
(4) Shut Off Solenoid Valve 


(5) Fuel Filter 
(6) Gas Hose· 


(5) (6} 


(a) AlrVent 
(b) Fuel line 


ENGINE 


Natur-al gas is sent from the gas source through the fuel filter (5), the shut off solenoid valve (4), and the gas 
regulator (3) to the gas mixer (1) , and mixed with air. 


Then, mixture gas is sent to the. cylinder by negative pressure of the suction stroke. 
9Yl2l0318ENM00290SO 
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[2] CARBURETOR AND GAS MIXER 
(1) Carburetor (WG972-E2) 


{10) 


(11) 


;.,;;...-=,:1--- (14) 


(15) 


(16) 


>L-~~ec_ __ (17) 
(18) 


3EBAAAB1P121B 


(21) 


(1) Choke Lever 
(2) Carburetor Body 
(3) Choke Valve 
(4) Inlet Port 
(5) Valve Seat 
(6) Needle Valve 
(7) Float Pin 
(8) Earth Cord 


ENGINE 


(9) Solenoid Valve Assembly 
(10) Throttle Shaft 
(1 1) Venturi 
(12) Throttle Va[ve 
(13) Main Nozzle 
(14) Bleeder Hole 
(15) Float Chamber Gasket 
(16) Float 
(17) Float Chamber 
(18) Chamber Set Plug 
(19) Pilot Outlet 
(20) Pilot Screw 
(21) Main Jet 
(22) Slow Air Jet 
(23) Main Afr Jet 
(24) Throttle Stopper Adjusting 


Screw 
(25) Pilot Jet 


Designed for general purpose use, this carburetor provides engines With the ideal fuel,air mixture for all speed 
ranges. 
1) Float Chamber 


When the gasoline in the fuel tank flows into the float chamber (17), the float {16) rises and, when a predetermined 
amount of gasoline is in the chamber, it pushes the needle valve (6) against the valve seat (5) to stop additional 
gasolihe from entering through the inlet port (4). As the gasoline is consumed, the float goes down and more gasoline 
is led into the chamber to maintain a constant distance between the main nozzle (13) and the level of the gasoline. 
2) Starting System 


To start an engine in cold weather, the fuel-air mixture must be richer than normal. A choke valve (3) controlled 
by the choke lever (1) is provided to enrich the mixture. 


As the choke valve rs closed, the air supply is restricted to make the mixture rich. This rich mixture is then supplied 
to the intake manifold to facilitate starting. 
3) Slow System 


When the throttle valve (12) closes, air that flows into the cylinder passes along the valve at a high speed. As a 
result, a negative pressure is crated in the pilot outlet (19) which has an outlet port in the inner wall. This causes 
gasoline in the main nozzle (13) to flow through the pilot jet (25) to be sucked into the cylinder. Air that enters from 
the slow air jet (22) is mixed with gasoline in the pilot jet (25), atomized in an appropriate condition, sprayed from the 
pilot outlet (19) and sucked into the cylinder through the main passage. The slow speed of the engine is controlled by 
changing the jet area with the pilot jet (25) . 
4) Main Carburetor System 


The speed of air that flows into the cylinder increases when it passes the venturi (11), and the negative pressure 
increase as a result at the tip of the main nozzle (13). The negative pressure causes the gasoline in the float chamber 
(17) to flow through !he main jet (21) and to be sucked into the main nozzle (13). Air which flows from the main air jet 
(23) into the bleeder hole (14) of the main nozzle (13) is mixed with gasoline, atomized in an appropriate condition, 
then sprayed from the nozzle tip to the venturi (11) and sucked with the main air into the cylinder. 
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(2) Carburetor (DF972-E2) 


(2) 


(1) 


3EBAAAB 1 P080B 


(3) 


(6) 


0 


3EBAAAB 1 P082B 


ENGINE 


■ NOTE 
• OF Carburetor operates the same as a gasoline 


carburetor in gasoline fuel. 
Wrth the fuel select switch (8) in the "GASOLINE" 


position "D" and the main switch Tn the "ON" position, 
the battery current flows to the gasoline cut off solenoid 
(6). Therefore gasoline fuel in the float chamber flows to 
the mixing chamber. 


When the fuel select switch (8) is turned to the 
"LPG" position "E", the battery current stops to the 
gasoline cut off solenoid (6) and flows to the LPG cut off 
solenoid (3) and LPG shut off solenoid valve (9). 


Then, the gasoline fuel flow is shut and LPG fuel 
flows to the mixing chamber. 


The mixer meters both fuel and air, and procedures 
an air / fuel mixture that has the proper ratio as required 
by the engine. 


When the engine starts, the LPG furl flows out from 
main jet (4) to venture a constant amount and is mixed 
with air quantity corresponding to the opening of the 
throttle valve (1) and is supplied to the cylinder. 


When the main switch (7) turned to the "OFF" 
position, the battery current stops to the both of 
solenoids. 


Then, both gasoline fuel and LPG fuel can not flow to 
the mixing chamber. 


(1) Choke Valve 
(2) Throttle Vahle 
(3) LPG Cut Off Solenoid 
(4) LPG Main Jet 
(5) Gasoline Main Jet 
(6) Gasoline Cut Off Solenoid 
(7) Main Switch 
(8) Fuel Select Switch 
(9) LPG Shut Off Solenoid Valve 


1-M16 


A : Air 
B ; LPG Fuel (gaseous) 
C : Mixture (Air/ Fuel) 
D : Gasoline Position 
E ; LPG Position 
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(3) Gas Mixer (DG972-E2) 


(A)=={::> 


9Y12103~8ENM002A 


[3] VAPORIZER (DF972-E2) 


3EBAAAB 1 P083B 


ENGINE 


The gas mixer is equipment to mix the fuel supplied 
from the regulator with air and to send the mixture to the 
cylinder. 


(1) Venturi (A) Air 
(2) Throttle Valve (B) Natural Gas 


(C) Mixture (Air/ Natural Gas) 


9Yl2103 1 8EN~0032 □S0 


Vaporizer is a device which converts the liquid fuel 
into the gaseous fuel and the following structures and 
functions are possessed. 
■ Primary Chamber 


The liquid fuel is decompressed (the first 
decompression) and it is evaporated. 
■ Secondary Chamber 


The fuel which flows in is decompressed from the 
primary chamber to the vicinity of the atmospheric 
pressure further (the second decompression). 
■ Water Passage 


The coolant of the engine is made to circulate as a 
heat source to evaporate the LPG. 
■ Vacuum Lock Chamber 


When the engine stops, the fuel from primary 
chamber ls prevented from flowing out. 


(1) Secondary Chamber 
(2) Water Passage 
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(3) Primary Chamber 
(4) Vacuum Lock Chamber 
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3EBAAAB1 P0B4B 


ENGINE 


Primary Chamber 


The liquid fuel which pushes the primary valve (6) 
open passes between the valve and the valve seat (7) , 
enters primary chamber (1) , and decompresses and is 
evaporated. 


When the inflow of the fuel continues and the primary 
chamber pressure rises more than the specified 
pressure 32.7 kPa (0.3 kgf/cm2, 4.3 psi) , the tension in 
the diaphragm spring (3) is overcome and do the push 
up of primary diaphragm (4). 


At this time, do the push up of primary valve lever 
spring (2) of primary valve lever (5), primary valve (6) is 
shut, and the inflow of the fuel is intercepted. 


The tension in the diaphragm spring (3) grows more 
than the primary chamber pressure when the fuel is 
consumed and the primary chamber pressure lowers 
more than a regulated value and a primary diaphragm is 
depressed below. 


The primary valve lever (5) is depressed at the same 
time. 


A primary valve opens and the fuel flows in again. 
When the diaphragm tears by any chance a-nd the 


fuel flows in the primary diaphragm spring side, the 
primary diaphragm spring side is connected with second 
chamber in the balance passage so that the fuel should 
not flow out outside. 


(1) Primary Chamber 
(2) Primary Valve Lever Spring 
(3) Primary Diaphragm Spring 
(4) Primary Diaphragm 
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(5) Primary Valve Lever 
(6) Primary Valve 
(7) Valve Seat 
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(11) 


(10) 


(8) 


(7) 


(61 


(5) 


3EBAAAB 1 P085B 


ENGINE 


Secondary Chamber 


The fuel adjusted with primary chamber to the 
specified pressure enters secondary chamber (5) 
between secondary valve (1) and the valve seat (2) and 
is decompressed to the vicinity of the atmospheric 
pressure almost. 


A secondary valve is assembled to a part of the 
secondary valve lever (3) supported to body and is shut 
by the tension of the spring of a secondary valve spring 
(4). 


A secondary diaphragm pin (6) touches the edge 
besides this lever (3) . 


The one side of secondary diaphragm (8) is faced in 
secondary chamber and the other side faces 
atmosphere chamber (1 O). 


When the engine stops, the atmospheric pressure is 
led in secondary chamber and a secondary valve is shut 
by the tension of a secondary valve spring. 


When the engine rotates, the negative pressure is 
generated in the venturi tube of the mixer. 


As for this negative pressure, working secondary 
diaphragm (8) is pulled to the second chamber side by 
the difference pressure with atmosphere chamber by 
second chamber. 


Do the push up of the secondary valve lever (3) by 
this working , secondary valve is opened, and the fuel 
flows in. 


When pressure in chamber rises by the fuel which 
flows in , the diaphragm is pushed to the atmosphere 
chamber side and narrows the opening of the valve and 
decreases the supply of the fuel. 


Secondary chamber is almost maintained in the 
atmospheric pressure by the thing to repeat such 
working. 


(1) Secondary Valve 
(2) Valve Seat 
(3) Secondary Valve Lever 
(4) Secondary Valve Lever 


Spring 
(5) Secondary Chamber 


1-M19 


(6) Diaphragm Pin 
(7) Balance Spring 
(Bl Secondary Diaphragm 
(9) Balance Lever Spring 
(10) Atmosphere Chamber 
( 11 ) Idle Adjust Screw 
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3EBAAAB1P086B 


[4] REGULATOR (DG972-E2) 


(5) 


(6) 


(7) 


(B) 


9Y121 031 BENM003A 


ENGINE 


Vacuum Lock Chamber 


1) Operation when engine stops 
Because pressure on the vacuum Joel<: chamber (3) 


side and the secondary chamber (4) side is equal. 
vacuum lock diaphragm (5) is pushed to the second 
chamber side by the tension of vacuum lock diaphragm 
spring (2). 


Secondary valve and the seat are made to close as 
vacuum lock diaphragm pin (6) pushes secondary valve 
lever (7) and the fuel leakage is prevented. 
2) Operation at engine starting 


The negative pressure is caused in inlet manifold at 
the same time as the cranklng's beginning. 


This negative pressure acts in vacuum lock chamber 
(3) and vacuum lock diaphragm (5) is drawn to the 
vacuum lock chamber side. 


As a result, the movement of secondary valve lever 
(7) becomes free and the fuel inflow adjustment due to 
secondary valve (1) becomes possible. 


The negative pressure. in inlet manifold always works 
while the engine is rotating and the movement of 
secondary valve lever is tuned to the movement of 
secondary diaphragm. 


(1) Secondary Valve 
(2) Vacuum Lock Diaphragm 


Spring 
(3) Vacuum Lock Chamber 
(4) Secondary Chamber 


(5) Vacuum Lock Diaphragm 
(6) Diaphragm Pin 
(7) Secondary Valve Lever 


9Yl210318ENM00360S0 


The regulator is equipment that regulates the fuel 
pressure supplied to the gas mixer to be constant. 


The negative pressure of the suction stroke makes 
the inside pressure of the regulator negative. 


The negative pressure of the regulator makes the 
diaphragm (1) push the lever (6). 


Pushing the lever (6) opens the valve (8), with the 
screw (7) acting as a fulcrum, which makes the fuel 
suctioned. 


(1) Diaphragm 
(2) Balance Spring 
(3) Balance Screw 
(4) Tamper Cap 
(5) Spring 
(6) Lever 
(7) Screw 
(8) Valve 
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(A) OUT 
(Bl IN 
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[5] GOVERNOR 


(1 0) 


---


' I 
I 


A-B 


I (7) ------11.lL 
(11) ____________ J ~aMk 


9Y1210318ENM004A 


[6] INLET MANIFOLD 


(2) 


(3) 


(4) 


(5) 


(6) 


ENGINE 


The engine is equipped with a centrifugal ball 
mechanical governor which activates the throttle in 
response to engine speed. 


When the engine is carrying a load and running at 
rated speed, the speed will drop if the load is increased 
even slightly. In this case, the governor automatically 
opens the throttle valve of the carburetor to maintain the 
original speed. 


Dumping the load suddenly will cause a rapid 
increase in speed. In this case, the governor 
automatically moves the throttle valve in closing 
direction to prevent the engine from increasing its speed. 
1) When engine is carrying a load and running at 
rated speed 


When there is no change in load, the centrifugal 
force of the ball (6) which is attached to the governor 
gear (4) balances with the tensile force of the governor 
spring (8) via governor sleeve (5) , fort< lever (7), 
governor lever shaft (3) and governor lever (2). The 
engine speed and output are thus kept constant. 
2) When load is applied to engine 


When the load is applied to the engine running at 
rated speed, the speed of the governor gear (4) which is 
connected to the idle gear decreases. As a result, the 
centrifugal force of the ball (6) becomes smaller. The 
tensile force of the spring (8) overcomes the centrifugal 
force, and the governor lever (2) causes the throttle lever 
(1) to move in the open direction (8). The original engine 
speed is thus maintained. 
3) When load is dumped 


When the load is dumped suddenly, the centrifugal 
force of the ball (6) overcomes the tensile force of the 
spring (8) . As a result, the governor lever (2) causes the 
throttle lever (1) to move in the shut direction (A) and 
prevents the engine from increasing its speed. 


(1) Throttle Lever (9) Speed Control Lever 
(2) Governor Lever (1 0) WG Carburetor. 
(3) Governor Lever Shaft OF Carburetor 
(4) Governor Gear (11) DG Gas Mtxer 
(5) Governor Sleeve 
(6) Ball A : Shut Direction 
(7) Fork Lever B : Open Direction 
(8) Governor Spring 


9Yl210318ENM003BOSO 


Part of coolant heated in the water jacket is 
channeled to the inlet manifold, where the hot coolant 
heats the fuel-air mixture for better carburation . Heating 
effect is particularly good when the engine is running at 
low speeds and with light load is cold weather, thus 
improving fuel economy and acceleration_ 


(1) Intake Manifold 


9Y1 210318ENM0039US O 
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[7] FUEL FILTER (FOR GASOLINE LINE) 


(1) 


!t t; -~ ~ -•-' 


--====:1 f 1:=== 


t 


A 
3EBMAB 1 P089A 


The fuel filter is installed in the fuel line between the 
fuel tank and the feed pump. 


As the fuel flows from the inlet (A) through the filter 
element (1), the dirt and impurities in the fuel are filtered, 
allowing only clean fuel to penetrate the inside of the 
filter element. The cleaned fuel flows out from the outlet 
(B) . 


Type of fi lter element Accordion-pleated paper type 


Material of filter element Cotton fiber 


Filter mesh 15 µm (0.00059 In.) 


(1) Fitter Element A: Inlet 
B : Outlet 


9Yl210318ENM00400SO 


[8] ELECTRO MAGNETIC FUEL FEED PUMP (FOR GASOLINE 
LINE) 


3EBMAB 1 P090A 


An electro magnetic pump uses a transistor that 
causes the pump to start pumping fuel when the engine 
is switched on. 


Therefore, fuel is supplied to the carburetor 
regardless of engine speed. This pump is driven by the 
battery. It can therefore be operated even with the 
engine being stopped. 
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5. IGNITION SYSTEM 
[1] DEGITAL IGNITION SYSTEM 


(1 ) (2) (4) 


(6) 


3EBMAB1 P093C 


(6) 


3EBAAAB 1 P094C 


ENGINE 


General 


The function of an ignition system is to provide the 
electrical spark that ignites the air/fuel mixture in the 
cylinder at precisely the correct time. 


For this purpose, the pick-up sensor (6) detects 
voltage waveform according to the shape of the rotor (2) 
that is built into the flywheel (1 ). The voltage waveform 
signal is fed to the igniter (3) , in which the signal is 
converted by a microprocessor to the angular and rpm 
data that corresponds to each cylinder. Based on this 
information, an optimum timing is figured out by the 
microprocessor to cut off the current that flows to the 
ignition coil (4) of each cylinder. The duration of current 
flowing to the ignition coil (4) is also controlled. In this 
way, a high voltage is generated at the secondary 
winding of the ignition coil (4), which activates the spark 
plug (5). 


Without any mechanical contact, the ignition system 
is digitally microprocessor-controlled for greater 
reliability and higher precision. 
• Control at ignition time : 


The ignition time is controlled according to the 
engine speed. 


• Control at energizing time : 
The energizing time of the ignition coil is controlled 
according to the engine speed. 


• Lock prevention : 
Intercept the current of the coil for the damage 
prevention of the coil when the ignition switch is 
energized to the coil as turning on. 


• Lock prevention : 
Intercept the current of the coil for the damage 
prevention of the coil when the ignition switch is 
energized to the coil as turning on. 


(1) Flywheel 
(2) Rotor 
(3) lgnitor 


(4) Ignition Coil 
(5) Spark Plug 
(6) Pick-up Sensor 
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6. ELECTRICAL SYSTEM 
[1] STARTING SYSTEM 


3EBAAAB 1 P095A 


(1) (2) (3) (4) (5) (6) 


3EBAMB1P096A 
9) 


ENGINE 


Starter 


The starter is the electromagnetic drive type. 


Type of motor 
DC, Series-wound, Electromagnetic 
drive 


Nominal output 12V 


Nominal output 1.0kW 


Nominal output 
30 seconds (Do not rotate 
continuously for longer periods.) 


Direction of rotation Clockwise as viewed from pfnton side 


(1) Solenoid Switch (6) Commutator 
(2) Plunger (7) Armature 
(3) Spring (8) Field Coll 
(4) Shtft Lever (9) Overrunning Clutch 
(5) Brush 


9tl210318ENM0043USO 


0 eration of Starter 


[When key switch is turned to "START" position] 
The contacts of key switch (1) close and the holding 


coil (3) is connected to the battery to pull the plunger (5). 
The pull-in coil (4) and the starting motor are also 


connected to the battery .. 
The pinion (8) is pushed against the ring gear (9) 


with the overrunning clutch (7) by the shift lever (6) and 
the magnetic switch is closed. 
(When the solenoid switch is closed] 


The current from the battery flows through the 
solenoid switch (2) to the starting motor. 


The pinion (8), which is pushed against the ring gear 
(9) and rotated along the spline, meshes with the ring 
gear to crank the engine. 


The engine starts and increases its speed. 
While the pinion spins faster than the armature, the 


overrunning clutch (7) allows the pinion to spin 
independently from the armature. 


The pull-in coil (4) is short-circuited through the 
solenoid switch (2) and the key switch (1) . 
[When the key switch is released] 


The current from the battery flows to the holding coil 
(3) through the pull-in coil (4) to diminish the magnetism 
between them. 


The plunger (5) 1s pushed by the spring to pull in the 
pinion. 


(1) Key Swl\ch 
(2) Solenoid Switch 
(3) Holding Coll 
(4) Pull-in Coil 
(5) Plunger 


(6) Shift Lever 
(7) Overrunning Clutch 
(8) Pinion 
(9) Ring Gear 


9Yl210318SNM00440S0 


1-M24 
KiSC Issued 06, 2009 A 







Page 77 of 153


WG972-E2,DF972-E2,DG972-E2 , WSM 


OFF 


I 
' ' 
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ON 


I 


START ,,,, 


50 


[2] CHARGING SYSTEM 


3EEAAAA1P163A 


(4) 


(2) (5) 


., 
(1) , 


_) (2) 


(3) 


(8) 
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ENGINE 


Key Switch 


The key switch has 4 positions. The terminal "30" Is 
connected to the battery. 


It is released at the "START" position and returns to 
the "ON" position. 
[START] 


When the key is turned to the "START" position, 
through the "ON" position the current supplied to the 
starter to regulator, oil lamp and accessory. 


50 to starter 
30 from battery 
AC to regulator, oil lamp and accessory 


[ON] 
Only the terminal "AC'' is connected to the battery. 


At any position of the key except the "OFF" position, the 
terminal "AC" is connected to the "30" terminal. 


30 from battery 
AC to regulator, oil lamp and accessory 


9Yl210318ENM00450S0 


Alternator 


This alternator is an 8-8 pole ,rotating magnet type 
generator. It is simple in construction, consisting of a 
stator and rotor. The rotor is made up of eight permanent 
magnet pole pieces assembled on a shaft and rotates on 
the center of the stator around which eight 
electromagnetic coils are provided for. This alternator 
produces higher voltage ln slow speed rotation, and 
charges electric current to the battery during engine 
idling. 


9Yl210318ENM00460SO 


Regulator 


The regulator performs rectification and voltage 
regulation. The regulator converts AC into DC which 
flows through the power consuming circuits and the 
battery, and also charges the battery. If however, the 
battery voltage exceeds a certairi level. The DC current 
is cut off from the charging circ1.1it to prevent 
overcharging. 


Model 


Part No. 


Weight 


Regulated voltage 


Battery to be used 


Charge indication lamp 


Alternator to be used 


(1) Alternator 
(2) Blue Lead Wire 
(3) Regulator 
(4) Yellow Lead Wire 
(5) Red Lead Wire 
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RS5155 


RP201 -53710 


Approx. 200 g 


14 to 15 V 


12 V, 28 AH 


12V, 3.4 W 


Under 1 00 V of peak value of no-load 
voltage 
Under 16 A of output current 


(6) Overrunning Clutch 
(7) Black Lead Wire 
(8) Charge Lamp 
(9) Battery 
(10) Load 
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I 
3EBAAAB1 P0998 


(8) 


= (9) 


l 
3EBAAAB 1 Pl 008 


(A) 


3EBAAAB1 Pl 01 A 


ENGINE 


Features 


1. This small-sized regulator can control large output 
current because charging current is supplied and 
stopped by thyristor (series system). 


2. Built-in AC diode generation detecting circuit permits 
a charge indication lamp (12 V, 3.4 W) to be easily 
connected. 


3. Protection diode protects regulator when battery is 
wrongly connected. 


(1) Blue Lead Wire 
(2) Black Lead Wire 
(3) Blue Lead Wire 


(4) Green Lead Wire 
(5) Yellow lead Wire 
(6) Red Lead Wire 


9Yl 210318ENM0048USO 


Charging Mechanism 


The charging mechanism is described in four 
sections. 
1. When key sw1tch fs "ON". 
2. At starting 
3. In charging 
4. Over-charge protection 


(1) GEN : Magnet type AC generator 
(2) Blue : GEN connecting terminal 
(3) Red : BATT + connecting tem,inal 
(4) Green: I.AMP connecting terminal 
(5) LAMP : Charge ndltallon lamp (not included In the basic engine) 
(6) Yellow : BATT voltage test terminal 
(7) Black : BATT - connecting terminal 
(8) KEY SW : Key switch 
(9) BA TT : Battery (not included in the basic engine) 


S1 , S2 : Output control / rectification thyristor (SCR) 
01, 02 : Output rectifying diode 
03, 04 : GEN generation detecting diode 
05, 06 : Protection diode for wrong connecting of BATT 
Z1 : BATT terminal voltage setting diode 
Q1 ; GEN generation detecting transistor 
Q2 : LAMP on / off transistor 
Q3 : Gate current control transistor 
Q4 : BATT voltage detecting transistor 


9Y l 210318ENM0049US0 


1. When Key Switch is "ON" 
When the engine is at standstill with key switch set at 


position 1, the circuit functions to light LAMP, as shown 
in figure (A). With key switch at position 1, current flows 
to base of Q2 through the route of BA TT - emitter I base 
of Q2 --+ R1 -+ D6 -+ BATT and collector of 0 ·2 is then 
turned on. As a result, current also flows to LAMP 
through the route of BA TT - emitter / collector of 02 -+ 


OS --. LAMP ----, BA TT lighting LAMP to indicate that 
charging is not carried out. At this time, through current 
flows to base of 03 through the route of BA TT --+ emitter 
/ base of 03 -+ R2 -+ D6 - BATT, collector of 03 has 
no current because GEN is stationary. 


9Y1210318ENM0050USO 
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3EBAAAB1P102A 


(C) 


3EBAAAB1P103A 


(D) 


3EBAAAB1 P104A 


l 


AC t!· 
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Zl 


~I 
C 
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ENGINE 


2. At Starting 
When key switch is turned to position 2, coil of starter 


relay is energized and starter starts engine. GEN also 
starts generation for charging and LAMP is turned off. 


tn detail , with GEN starting, current flows to base of 
Q1 through the route of GEN -t D1 -t emitter I base of 
Q1 - R4 - D4 - GEN, or GEN - 02 ...... emitter/ base 
of 01 -. R4 ...... D3 --+ GEN, and therefore current also 
flows through Q1, shortcircuiting emitter and base of Q2. 
As a result, base current of Q2 is interrupted, Q2 is 
turned off and accordingly current to LAMP Is also 
interrupted. 


9Y12103l8ENM0051USO 


3. In Charging 
Because BATT terminal voltage just after engine 


start is lower than setting value (14 to 15 V), or lower 
than zener lever of Z1, current is not supplied to base of 
Q4 and Q4 is off, as shown in figure (B) . Q3 is on with 
base current which flows through the route of BATT -t 
emitter I base of Q3 -t R2 -+ 06 -+ BATT, and gate 
current is supplied to S1 or S2 through the route of GEN 
- D1 - emitter / collector of Q3 _.. R3 -t gate I cathode 
of S2 -t GEN, or GEN - D2 emitter/ collector of Q3 __. 
RJ --+ gate/ cathode of S1 - GEN. 


When engine speed is increased so that GEN 
generation voltage becomes higher than BA TT terminal 
voltage, S1 or S2 is turned on and, as shown in figure 
(C), charge current is supplied to BA TT through the route 
of GEN -+ D1 -t BA TT -t anode I cathode of S2 ...... GEN, 
or GEN --- D2-. BATT -> anode/ cathode of S1 -
GEN. 


After S1 or 52 is turned on, collector current of Q1 
and base current of Q3 are supplied by GEN, not BATT. 


When key switch is turned to position 1 after engine 
is started, BATT is c'harged, if BATT terminal voltage is 
lower than the setting value, or zener level of Z1 , 


9Yl210 3l8 ENM0052CTSO 


4. Over-Charge Protection 
When BA TT terminal voltage is higher than the 


setting value or zener level of Z1, BATT is not charged 
by the function of circuit as shown in figure (D). That is, 
04 is on with base current which flows through the route 
of BA TT ..... emitter / base of Q4 - Z1 ...... D6 - BA TT, 
shortcircuiting emitter and base of Q3. Therefore, Q3 is 
off with no base current and gate current is not supplied 
to S1 and S2. Consequently S1 and S2 are off and BATT 
is not charged. 


9Yl210318ENM00530S0 
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[3] SOLENOID 
[AJ When the key switch is turned on, a current flows to 


3EBAAAB1 Pl 05B 


[BJ (3) 


the solenoid, which in turn opens the solenoid valve. 
When the key switch is turned off, the solenoid valve 


closes, blocking the gasoline main jet (2) I LPG main jet 
(4) . 


(1 ) GasoHne Solenoid Valve 
(2) Gasoline Main Jet 
(3) LPG Solenoid Valve 
(4) LPG Main Jet 


1-M28 


[A] WG972-E2 
[BJ DF972-E2 
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7. ELECTRONIC GOVERNOR 


(1) 


Electronic governor combines the electric actuator 
with integrated speed control software to control the 
speed of the engine. Electronic governor is a 
microprocessor-based control that is incorporated into 
the actuator, creating a single integrated package. This 
el iminates the need for an additional driver box and 
speed control box. 


(1) Actuator 


9Yl210318ENM00550S0 
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1. TROUBLESHOOTING 
[1] FOR GENERAL 


Symptom Probable Cause 


Engine Will Not Turn Engine jammed 
Over 


Battery discharged 


starter malfunctioning· 


Wires disconnected 


Engine Turns Over Increased resistance of moving parts 
Slowly but Does Not Excessively high viscosity engine oil at low 
Start temperature 


Engine Turns Over at Compression leak 
Normal Speed but 
Does Not Start 


Improper valve clearance 


Defective ignition coil 


Defective spark. plug 


Defective igniter 


Clogged air cleaner 


Rough Low-Speed Defective ignition coil 
Running and Idling Defective spark plug 


Defective igniter 


Incorrect governor adjustment 


Improper val.Ve clearance 


Rough High-Speed Defective igniter 
Running Defective spark plug 


Defectlve ignition coil 


Incorrect governor adjustment 


Engine Speed Does Incorrect governor adjustment 
Not Increase Defective igniter 


Clogged air cleaner 


Deficient Output Improper intake or exhaust valve sealing 


Incorrect governor adjustment 


Excessive carbon In engine 


Improper valve clearance 


Piston ring and cylinder worn 


Clogged air cleaner 


1-S1 


ENGINE 


Solution 
Reference 
Page 


Check engine to find -
the problem and 
repair it 


Charge -
Repair or replace 1-S28 


Reconnect -
Repair or replace -
Use specified engine G-8 
oil 


Check the 1-S15 
compression 
pressure and repair 


Adjust 1-S17 


Replace 1-S26 


Adjust spark plug gap G-13 
or replace 


Replace 1-S27 


Clean or replace G-11, G-12 


Replace 1-S26 


Adjust spark plug gap G-13 
or replace 


Replace 1-S27 


Adjust 1-S20 


Adjust 1-S17 


Replace 1-$27 


Adjust spark plug gap G-13 
or replace 


Replace 1-S26 


Adjust 1-$20 


Adjust 1-S20 


Replace 1-S27 


Clean or replace G-11 , G-12 


Replace 1-S53, 
1-S54 


Adjust 1-$20 


Remove carbon -
Adjust 1-S17 


Replace 1-$60, 
1-S65 


Clean or replace G-11, G-12 
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Symptom Probable Cause Solution 
Reference 
Page 


Engine Noise Improper valve clearance Adjust 1-S17 


Spark knock due to low-octane fuel or carbon Use higher-octane -
fuel and remove 
carbon 


Rattles from loosely mounted external Retighten -
components 


9Yl210318ENSOOOlUSO 


[2] FOR GASOLINE FUEL 


Symptom Probable Cause Solution 
Reference 
Page 


Engine Turns Over at No fuel Replenish fuel -
Normal Speed but Defective fuel system Check fuel line and -Does Not Start carburetor and repair 


Over choked Clean spark plug -
Flooding from carburetor Check carburetor and -


repair I replace 


Rough Low-Speed Incorrect carburetor idle adjustment Adjust 1-S21 
Running and Idling 


Engine Speed Does Incorrect carburetor adjustment Adjust 1-S21 
Not Increase 


9Yl210318ENS00020S0 


[3] FOR LPG FUEL 


Symptom Probable Cause Solution 
Reference 
Page 


Engine Turns Over at No LPG fuel Replenish LPG fuel -
Normal Speed but Check LPG tank 
Does Not Start valve 


Check shut off 
solenoid valve 


Defective vacuum lock system Check vacuum hose 1-S24 
Replace vaporizer 


Defective throttle lever position Set throttle lever to 1-S21 
the low idle position 


Rough Low-Speed Shortage of gas supply Replenish LPG fuel -
Running and Idling Check shut off 


solenoid valve 


Defective idling Replace vaporizer G-1 9, G-22 
Draining tar from 
vaporizer 


Defection Output LPG density is rich Replace vaporizer -
Shortage LPG Repair or replace of -


fuel system 
Replace vaporizer 


9Yl210318ENS00030S0 
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[4] FOR NATURAL GAS FUEL 


Symptom Probable Cause Solution 
Reference 
Page 


Engine Turns Over at No fuel Check gas source -
Normal Speed but Check shut off 
Does Not Start solenoid valve 


Defective fuel system Check fuel system -
and repair 


Rough Low-Speed Shortage of gas supply Check gas source -
Running and Idling Check shut off 


solenoid valve 


Defective idling Replace regulator -
Draining tar from 
regulator 


Defection Output Gas density is rich Replace regulator -
Shortage gas Repair or replace of -


fuel system 
Replace regulator 
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[5] FOR ELECTRONIC GOVERNOR 
■ NOTE 
• This troubleshooting describe the procedure which does not use the service tool (soft wear). 


Engine does not start : Step 1 


3EBAAAB1P118A 


Check. wire harness 


OK 


Check the position of 
the throttle lever 
when the switch is 
turned on 


OK 


Start the engine 


OK 


Failure diagnosis to 
each trouble 


Nogocd Repair or replace of 
wire harness 


No good Installation confirming 
>----';..,::.;....:...;::. ______ -t and adjustment of 


governor 18\ler ( O 


No good 
Recharge or replace 


No ooo 
>-....c...c'-"'-':..;;.:;--------1 Replace the actuator 


(1) Refer to [Adjust Governor Lever of Electronic Governor) 


1-S4 
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Engine does not start : Step 2 


Ct,eck the air gap between 
engine speed sensor and 
ring-gear. 


No good Adjust air gap 


~----,---~ 
OKi------- ----------~ 


Start the engine 


No good 


3EBAAAB1 P119A 


Check the engine 
speed sensor 


OK 


Replace the governor 
actuator 


(1} Refer to the (Air Gap of Engine Speed Sensor for Electronic GovernorJ 
(2) Refer to the [Resistance or Engine Speed Sensor for Electronic Governor) 


1-S5 


(1) 


(2) 


No good 


ENGINE 


Replace the engine 
speed sensor 
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Engine unstable 


Ensure that governor !ever 
is fully seated on actuator 
shaft. 


OK 


No good Tightened With 
specified torque . 


.__ _____ _, (1) 


ENGINE 


______________________ _, 


3EBAAAB1P120A 


Replace the governor 
actuator 


(1) Refer to the [Adjust Governor Lever of Electronic Governor] 
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2. SERVICING SP!ECIFICA TIONS 
ENGINE BODY 


Item Factory Specification Allowable Limit 


Valve Clearance (Cold) 0.145 to 0.185 mm -
0.00571 to 0.00728 in. 


Compression Pressure - 1.27 MPa 0.88 MPa 
13.0 kgf/cm2 9.0 kgf/cm2 


185 psi 130 psi 


Variance Among - 10 % or less 
Cylinder 


Top Clearance 1.35 to 1.65 mm -
0.0532 to 0.0649 in. 


Cylinder Head Surface Flatness - 0.05 mm 
0.002 in. 


Valve Recessing (Intake and Exhaust) - 0.10to0.10mm 0.30 mm 
-0.0039 to 0.0039 in. 0.012 in. 


Valve Stem to Valve Guide Clearance 0.030 to 0.057 mm 0.10 mm 
0.0012 to 0.0022 in. 0.0039 in. 


• Valve Stem O.D. 5.968 to 5.980 mm -
0.2350 to 0.2354 in . 


• Valve Guide I.D. 6.010 to 6.025 mm -
0.2367 to 0.2372 in 


Valve Face Angle 0.79 rad -
45 ° 


Valve Seat Angle 0.79 rad -
45 ° 


Width 2.12 mm -
0.0835 in. 


Valve Timing (Intake Valve) Open 0.35 rad -
20 ° 


before T.D.C. 


Close 0.79 rad -
45 ° 


after B.D.C. 


Valve Timing (Exhaust Valve) Open 0.87 rad -
50 ° 


before B.D.C. 


Close 0.26 rad -
15 ° 


after T.D.C. 


Valve Spring Free Length 31.3 to 31.8 mm 28.4 mm 
1.24 to 1.25 in . 1.12 in. 


Tilt - 1.0 mm 
0.039 in. 


Setting Load / 65 N /27.0 mm 55 N / 27.0 mm 
Setting Length 6.6 kgf / 27.0 mm 5.6 kgf / 27.0 mm 


15 lbf / 1.06 in. 12 lbf / 1.06 in. 


1-S7 
KiSC Issued 06, 2009 A 







Page 90 of 153


WG972-E2,DF972-E2,DG972-E2, WSM ENGINE 


Item Factory Specification Allowable Limit 


Rocker Arm Shaft to Rocker Arm Oil Clearance 0.016 to 0.045 mm 0.15 mm 
0.00063 to 0.0017 in . 0.0059 in. 


• Rocker Arm Shaft O.D. 10.473 to 10.484 mm -
0.41233 to 0.41275 in 


• Rock.er Arm I.D. 10.500 to 10.518 mm -
0.41339 to 0.41409 in 


Push Rod Alignment - 0.25 mm 
0.0098 in, 


Tappet to Tappet Guide Bore Oil Clearance 0.016 to 0.052 mm 0.10 mm 
0.00063 to 0.0020 in. 0.0039 in. 


• Tappet O.D. 17.966 to 17.984 mm -
0.70733 to 0,70803 in , 


• Tappet Guide Bore I.D, 18.000 to 18.018 mm -
0.70867 to 0.70937 in. 


Timfng Gear 
• Crank Gear to Idle Gear Backlash 0.0430 to 0,124 mm 0.15 mm 


0.00170 to 0.00488 in . 0.0059 In. 


• Idle Gear to Cam Gear Backlash 0.0470 to 0.123 mm 0.15 mm 
0.00185 to 0.00484 in. 0.0059 in. 


• Idle Gear to Injection Pump Gear Backlash 0.0410 to 0.124 mm 0.15 mm 
0.00162 to 0.00488 in . 0.0059 in. 


• Crank Gear to Oil Pump Drive Gear Backlash 0.0410 to 0.123 mm 0.15 mm 
0.00162 to 0.00484 in, 0.0059 in. 


Idle Gear Side Clearance 0.20 to 0.51 mm 0.80 mm 
0.0079 to 0.020 in . 0.031 in. 


Camshaft Side Clearance 0.15to0.31 mm 0.50 mm 
0.0059 to 0.012 in . 0.020 in . 


Alignment - 0.01 mm 
o.0004 in . 


Cam Height (Intake 26.88 mm 26.83 mm 
and Exhaust) 1.058 in . 1.056 in. 


Camshaft Journal to Cylinder Block Bore Oil Clearance 0.050 to 0.091 mm 0.15 mm 
0.0020 to 0.0035 in. o.0059 in. 


• Camshaft Journal O.D. 32.934 to 32.950 mm -
1.2967 to 1.2972 in . 


• Cylinder Block Bore LO 33.000 to 33.025 mm -
1 .2993 to 1 .3001 in. 


Idle Gear Shaft to Idle Gear Bushing Oil Clearance 0.020 to 0.084 mm 0.10 mm 
0.00079 to 0.0033 in 0.0039 in. 


• Idle Gear Shaft 0.0. 19.967 to 19.980 mm -
0.78611 to 0.78661 in. 


• Idle Gear Bushing I.D. 20.000 to 20.051 mm -
0.78741 to 0.78940 in. 
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Item Factory Specification Allowable Limit 


Piston Pin Bore 1.0. 20.000 to 20.013 mm 20.05 mm 
0.7874 1 to 0.78791 in. 0.7894 in. 


Piston Pin to Small End Bushing Oil Clearance 0.012 to 0.038 mm 0.10 mm 
0.00048 to 0.0014 in. 0.0039 in. 


• Piston Pin O.D. 20.002 to 20.013 mm -
0.78748 to 0.78791 in. 


• Small End Bushing 1.0. 20.025 to 20.040 mm -
0.78839 to 0.78897 in. 


Piston Pin to Small End Bushing Oil Clearance 0.013 to 0.075 mm 0.15 mm 
(Spare Parts) 0.00052 to 0.0029 in. 0.0059 in. 


• Small End Bushing I.D. 20.026 to 20.077 mm -
0.78843 to 0.79043 in. 


Piston Ring Gap Top Ring 0.15 to 0.35 mm 1.25 rnm 
0.0059 to O.D13 in, 0.0492 in . 


Second Ring 0.30 to 0.45 mm 1.25 mm 
0.012 to 0.017 in. 0.0492 in . 


Oil Ring 0.20 to 0.70 mm 1.25 mm 
(Upper and lower 0.0079 to 0.027 in. 0.0492 in. 
rail) 


Piston Ring to Piston Ring Groove Top Ring 0.080 to 0.12 mm 0.15mm 
(Clearance) 0.0032 to 0.0047 in. 0.0059 in. 


Second Ring 0.065 to 0.10 mm 0.15mm 
(Clearance) 0.0026 to 0.0039 in. 0.0059 in. 


Oil Ring 0.060 to 0.15 mm 0.20 mm 
(Clearance) 0.0024 to 0.0059 in. 0.0079 in. 


Connecting Rod Alignment - 0.05 mm 
0.002 in. 


Crankshaft Side Clearance 0.1 5 to 0.31 mm 0.50 mm 
0.0059 to 0.012 in. 0.020 in . 


Alignment - 0.02 mm 
0.0008 in. 


Crankpin to Crankpin Bearing Oil Clearance 0.020 to 0.051 mm 0.15 mm 
0.00079 to 0.0020 in. 0.0059 in. 


• Crankpin O.D. 33.959 to 33.975 mm -
1.3370 to 1.3375 in. 


• Crankpin Bearing 1. 0 33.995 to 34.010 mm -
1.3384 to 1.3389 in. 


Crankshaft Journal to Crankshaft Bearing 1 Oil Clearance 0.0340 to 0. 106 mm 0.20 mm 
0.00134 to 0.00417 in. 0.0079 in . 


• Crankshaft Journal O.D. 43.934 to 43.950 mm -
1. 7297 to 1. 7303 in. 


• Crankshaft Bearing 1 1.0 . 43.984 to 44.040 mm -
1.7317 to 1.7338 in. 
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Item Factory Specification Allowable Limit 


Crankshaft Journal to Crankshaft Bearing 2 Oil Clearance 0.028 to 0.059 mm 0.20 mm 
(Flywheel Side) 0.0011 to 0.0023 in. 0.0079 in. 


• Crankshaft Journal O.D. 43.934 to 43.950 mm -
1.7297 to 1.7303 in. 


• Crankshaft Bearing 2 I.D. 43.978 to 43.993 mm -
1.7315 to 1.7320 in. 


Crankshaft Journal to Crankshaft Bearing 3 Oil Clearance 0.028 to 0.059 mm 0.20 mm 
(Intermediate) 0.0011 to 0.0023 in. 0.0079 in. 


• Crankshaft Journal O.D. 43.934 to 43.950 mm -
1.7297 to 1.7303 in. 


• Crankshaft Bearing 3 I.D. 43.978 to 43.993 mm -
1,7315 to 1.7320 in. 


Cylinder Liner I.D. 74.500 to 74.519 mm 74.669 mm 
[Standard] 2.9331 to 2.9338 in. 2.9397 in . 


Cylinder Liner I.D. 75.000 to 75.019 mm 75.150 mm 
[Oversize : 0.5 mm (0.02 in.)1 2.9528 to 2.9535 in. 2.9587 in. 
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LUBRICATING SYSTEM 
Item Factory Specification Allowable Limit 


Engine Oil Pressure At Idle Speed More than 50 kPa -
0.5 kgf/cm2 


7 psi 


At Rated Speed 200 to 440 kPa 150 kPa 
2.0 to 4.5 kgf/cm2 1.5 kgf/cm2 


29 to 64 psi 21 psi 


Inner Rotor to Outer Rotor Clearance 0.030 to 0.14 mm -
0.0012 to 0.0055 in. 


Outer Rotor to Pump Body Clearance 0.070 to 0.15 mm -
0.0028 to 0.0059 in , 


Inner Rotor to Cover Clearance 0.0750 to 0.135 mm -
0.00296 to 0.00531 in. 


COOLING SYSTEM 
Item Factory Specification Allowable Limit 


Fan Belt Tension 7.0 to 9.0 mm/ 98 N -
0.28 to 0.35 in. / 98 N 


(10 kgf, 22 lbf) 


Thermostat Valve Opening 69.5 to 72.5 °C -
Temperature 1.57.1 to 162.5 °F 
{At Beginning) 


Valve Opening 85 °C -
Temperature 185 °F 
(Opened 
Completely) 


Radiator Cap Pressure Falling More than 10 seconds -
Time for pressure fall from 


90-+ 60 kPa 
0.9 -+ 0.6 kgf/cm2 


10 ----, 9 psi 


Radiator Weak Leakage No leak at specified -
Test Pressure pressure 


IGNITION SYSTEM 
Item Factory Specification Allowable Limit 


Spark Plug (NGK : BKR4E) Plug Gap 0.60 to 0.70 mm -
0.024 to 0.027 in. 


Resistance of Ignition Coil Primary{+) - (-) 1.87 to 2.53 n at 20 °C -


Secondary Side 10.4 to 15.6 kn at 20 °G 
{Primary(+) - Plug 
Cap) 


Pick-Up Sensor Resistance 1.85 to 2.45 kQ at 20 °C -


1-S11 
KiSC issued 06, 2009 A 







Page 94 of 153


WG972-E2,DF972-E2,DG972-E2, WSM ENGINE 


ELECTRICAL SYSTEM 


Item Factory Specification Allowable Limit 


Starter Commutator 28.0 mm 27.0 mm 
(O.D.) 1.10 in. 1.06 in. 


Difference Less than 0.05 mm 0.4mm 
(O.D.) 0.002 in . 0.02 in. 


Mica 0.45 to 0.75 mm 0.2mm 
(Undercut) 0.018 to 0.029 in. 0.008 in , 


Brush 14.0 mm 11 .1 mm 
(Length) 0.551 in. 0.437 in. 


Alternator No-load Voltage More than 13.5 V -


Stator Less than 1.0 n -
(Resistance) 


Rotor 2.9 n -
{Resistance) 


Slip Ring 14.4 mm 14.0 mm 
(O.D.) 0.567 in. 0.551 in. 


Brush 10.5 mm 8.4mm 
(Length) 0.413in. 0.33 in. 


Regulator Regulating Voltage 14.2 to 14.8 V -
Fuel Cut Off Solenoid For Gasoline 38 Oat 20 °C -


(Resistance) 


For LPG 28 0 at 20 °C -
(Resistance) 


ELECTRONIC GOVERNOR 
Item Factory Specification Allowable Limit 


Engine Speed Sensor to Ring Gear Air Gap 0.80 to 1.2 mm -
(for Kubota original parts) 0.031 to 0.047 in. 


Resistance Approx. 2.15 kO -
9Yl2103l8ENS0008USO 
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3. TIGHTENING TORQUES 
Screws, bolts and nuts must be tightened to the specified torque using a torque wrench, several screws, bolts and 


nuts such as those used on the cylinder head must be tightened in proper sequence and the proper torque. 
9Yl210318ENS00090S0 


(1) TIGHTENING TORQUES FOR SPECIAL USE SCREWS, BOLTS 
AND NUTS 


■ NOTE 
• For "*" marked screws, bolts and nuts on the table, apply engine oil to their threads and seats before 


tightening. 
• The letter "M" In Size x Pitch means that the screw, bolt or nut dimension stands for metric. The size is 


the nominal outside diameter in mm of the threads. The pitch is the nominal distance in mm between two 
threads. 


Item 
Dimension x 


N·m kgf·m lbMt 
Pitch 


*Cylinder head cover screw M6 x 1.0 9.81 to 11 .2 1.00 to 1.15 7.24 to 8.31 


*Rocker arm bracket screw M6 X 1.0 12 to 14 1.2 to 1.5 8.7 to 10 


•cylinder head screw M8x 1.25 40 to 44 4.0 to 4.5 29 to 32 


.. Fan drive pulley screw M12 x 1.5 118 to 127 12.0 to 13.0 86.8 to 94.0 


*Idle gear shaft mounting screw M6 x 1.0 9.81 to 11.2 1.00 to 1.15 7.24 to 8.31 


... Connecting rod screw M7 x0.75 27 to 30 2.7 to 3.1 20 to 22 


*Flywheel screw M10x1.25 54 to 58 5.5 to 6.0 40 to 43 


Bearing case cover mounting screw M6 x 1.0 9.81 to 11 .2 1.00 to 1.15 7.24 to 8.31 


.. Main bearing case screw 2 M7 X 1.0 27 to 30 2. 7 to 3.1 20 to 22 


*Main bearing case screw 1 M6 x 1.0 13 to 15 1.3 to 1.6 9.4 to 11 


Oil pressure switch PT 1/8 15 to 19 1.5 to 2.0 11 to 14 


Spark plug M14 X 1.25 20 to 24 2.0 to 2.5 15 to 18 


Drain plug M12 x 1.25 33 to 37 3.3 to 3.8 24 to 27 


Carburetor mounting nut M8 x: 1.25 24 to 27 2.4 to 2.8 18 to 20 


Gas mixer mounting nut M8 x 1.25 24 to 27 2.4 to 2.8 18 to 20 


Joint for LPG hose of vaporizer 
PT-1/4 20 to 23 2.0 to 4.0 15 to 17 (local arrangement) 


Joint for vapor hose of vaporizer PT - 3/8 30 to 58 3.0 to 6.0 22 to 43 


Joint for coolant hose of vaporizer PT - 3/8 30 to 58 3.0 to 6.0 22 to 43 


Actuator mounting screw M5 x 0.8 4.5 to 5.3 0.45 to 0.55 3.3 to 3.9 


Actuator flange screw M6x 1.0 9,81 to 11 .2 1.00 to 1.15 7.24 to 8.31 


Governor lever nut M6 x 1.0 9.81 to 11.2 1.00 to 1.15 7.24 to 8.31 


Starter's terminal B mounting nut - 5.9 to 11 0.60 to 1.2 4.4 to 8.6 


Dynamo's pulley nut - 40 to 44 4.0 to 4.5 29 to 32 


Alternator's pulley nut - 58.4 to 78.9 5.95 to 8.05 43.1 to 58.2 


Gasoline solenoid - 7.9 to 11 0.80 to 1.2 5.8 to 8.6 


Main jet - 0.98 to 2.8 0.10 to 0.29 0.73 to 2.0 


Pilot jet - 0.98 to 3.9 0.10to0.40 0.73 to 2.8 


9Yl210318 ENS00100 S0 
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[2] TIGHTENING TORQUES FOR GENERAL USE SCREWS, BOLTS 
AND NUTS 


If the tightening torque is not specified, refer to the table below for the none specified torques values. 


lndicatloi, on 0 @ No-grade or 4T (!) 11 top of bolt 


Indication on @ (QJ No-grade or 4T top of nut 


Unit N·m kgf·m lbMt N·m kgf•m lbf-ft 


M6 7.9 to 9.3 0.80 to 0.95 5.8 to 6.8 9.81 to 11 .2 1.00 to 1.15 7.24 to 8.31 


MB 18 to 20 1.8 to 2.1 13 to 15 24 to 27 2.4 to 2.8 18 to 20 


M10 40 to 45 4.0 to 4.6 29 to 33 49 to 55 5.0 to 5.7 37 to 41 


M12 63 to 72 6.4 to 7.4 47 to 53 78 to 90 7.9 to 9.2 58 to 66 


M0000000 3ENS0013US L 
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4. 
[1] 


CHECKING, DISASSEMBLING AND SERVICING 
CHECKING AND ADJUSTING 


(1) Engine Body 
Compression Pressure 


1. Run the engine until it is warmed up. 
2. Stop the engine. 
3. Remove the air cleaner, the muffler and all spark plugs. 
4. Set a compression tester with the adaptor to the spark plug 


hole. 
5. Run the engine with the starter for 5 to 10 seconds keeping 


throttle valve fully open and read the maximum compression 
pressure. 


6. Repeat steps 4 and 5 for each cylinder. 
7. If the measurement is below the allowable limit, apply a small 


amount of oil to the cylinder wall through the spark plug hole and. 
measure the compression pressure again. 


8. If the compression pressure is still less than the allowable limit, 
check the top clearance, valve ctearance and cylinder head. 


9. If the compression pressure increases after applying oil , check 
the cylinder wall and piston rings. 


■ NOTE 
• Check the compression pressure with the specified valve 


clearance. 
• Always use a fully charged battery for performing this test. 
• Variances in cylinder compression values should be under 


10%. 


1.27 MPa 
Factory spec. 13.0 kgl/cm2 


Compression pressure 
165 psi 


0.88 MPa 
Allowable limit 9.0 kgf/cm2 


130 psi 


9Yl210318ENS00130SC 
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3EEABAB1 P057 A 


ENGINE 


Top Clearance 


1. Remove the cylinder head. (Do not attempt to remove the 
cylinder head gasket.) 


2. Move the piston up and stick a strip of fuse [1 .5 mm dia. (0.059 
in. dia.), 5.0 to 7.0 mm long (0.20 to 0.27 in . long)] on the piston 
head at three positions with grease so as to avoid the intake and 
exhaust valves and the combustion chamber ports. 


3. Lower the piston, and install the cylinder head and tighten the 
cylinder head screws to the specified torque. 


4. Turn the flywheel until the piston exceeds top dead center. 
5, Remove the cylinder head, and measure the thickness of the 


squeezed fuses. 
6. If the measurement is not within the factory specifications. 


check the oil clearance between the crankpin and crankpin 
bearing and between the piston pin and small end bushing. 


■ NOTE 
• After checking the top clearance, be sure to assemble the 


cylinder head with a new cylinder head gasket 


Top clearance Factory spec. 


Tightening torque Cylinder head screws 


(1) Fuse 


1-$16 


1.35 to 1.65 mm 
0.0532 to 0.0649 in . 


401044 N·m 
4.0 to 4.5 kgf·m 
29 lo 32 lbf-lt 


9112l0318EN300140SO 
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3 2 1 


EX IN EX IN EX IN 


-+A 
3EBAAAB1 P0OSA 


Adjusting the Valve Clearance 


■ IMPORTANT 


ENGINE 


• The valve clearance must be checked and adjusted when 
engine is cold. 


1. Remove the cylinder head cover and the spark plugs. 
2. Align the .. 1 TC" mark (1) on the flywheel and alignment mark (2) 


on the rear end plate so that the No. 1 piston comes to the 
compression top dead center. 


3. Check the following valve clearance marked with "*" using a 
feeler gauge. 


4. If the clearance is not within the factory specifications, adjust 
with the adjusting screw. 


5. Then tum the flywheel 6.28 rad (360 °), and align the "1TC" 
mark (1) on the flywheel and alignment mark (2) on the rear end 
plate so that the No. 1 piston comes to the overlap position. 


6. Check the following valve clearance marked with "* " using a 
feeler gauge. 


7. If the clearance is not within the factory specifications, adjust 
with the adjusting screw. 


Adjustable Cylinder Location Valve Arrangement 


of Piston Intake vc1lve Exhaust valve 


No. 1 * * 
No. 2 * * 
No. 3 * * * : When No. 1 piston is at the compression top dead center position . * : When No. 1 piston is at the overlap position. 


lntalte and exhaust valve 
clearance (cold) 


■ NOTE 


Factory spec. 
0.145 to 0.185 mm 
0.00571 to 0,00728 in. 


• The sequence of cylinder numbers is given as No. 1, No. 2 
and No. 3 starting from the gear case side. 


• After adjusting the valve clearance, secure the adjusting 
screw with the lock nut. 


(1) "1TC" Mark A ; Gear Case Side 
(2) Alignment Mark 


9Yl2 10318ENS00150S0 
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(2) Lubricating System 


3EEACAA 1 P009A 


(3) Cooling System 


ENGINE 


Engine Oil Pressure 


1. Remove the engine oil pressure switch, and set an oil pressure 
tester. 


2. Start the engine. After warming up, measure the oil pressure of 
both idling and rated speeds. 


3. If the oil pressure is less than the allowable limit, check the 
following. 


• Engine oil insufficient 
• Oil pump defective 
• Oil strainer clogged 
• Oil filter cartridge clogged 
• Oil gallery clogged 
• Excessive oil clearance 
• Foreign matter in the relief valve 


(When reassembling) 
• After checking the engine oil pressure, tighten the engine oil 


pressure switch to the specified torque. 


More than 
At idle Factory 50 KPa 
speed spec. 0.5 kgf/cm2 


7 psi 


Engine oil pressure Factory 
200 to 440 kPa 
2.0 to 4.5 kgf/crn2 


At rated 
spec. 


29 to 64 psi 


speed 
Allowable 


150 kPa 


limit 
1.5 kgf/cm2 


21 psi 


15 to 19 N-m 
Tightenlng torque OIi pressure switch 1.5 to 2.0 kgf·m 


11 to 14 lbf-ft 


9¥1210318ENS0016050 


Fan Belt Tension 


1. Measure the deflection (A), depressing the belt halfway 
between the fan drive pulley and alternator pulley at specified 
force 98 N ( 1 0 kgf, 22 lbf) . 


2. If the measurement is not within the factory specifications, 
loosen the alternator mounting screws and relocate the 
alternator to adjust. 


Deflection (A} Factory spec. 


(A) Deflection 


1-S18 


7.0to 9.0 mm 
0.28 to 0.35 in. 


9Yl 210318GEG0001USO 
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3EEABAB1 P019A 


(A) (B) 


3EEABAB1P018A 


3EEABAB1 Pl 60A 


ENGINE 


Fan Belt Damage and Wear 


1. Check the fan belt for damage. 
2. If the fan belt is damaged, replace it. 
3. Check if the fan belt is worn and sunk in the pulley groove. 
4. If the fan belt is nearly worn out and deeply sunk in the pulley 


groove, replace it. 


(A) Good (B) Bad 


9Y~210~1BGEG00020SO 


Thermostat Valve 0 


1. Suspend the thermostat in the water by a string with its end 
inserted between the valve and seat. 


2. Heating the water gradually, read the temperature when the 
valve opens and leaves the string. 


3. Continue heating and read the temperature when the valve 
opens approx. 8 mm (0.3 in.). 


4. If the measurement is not within the factory specifications, 
replace the thermostat. 


Thermostat's valve 
Factory spec. 


69.5 to 72.5 ·c 
opening temperature 157.1 to 162.5 "F 


Temperature at which 
85 ·c 


thermostat completely Factory spec. 
185 °F 


opens 


9Yl2103l8ENS001 7US0 


AcAUTION 
• When removing the radiator cap, wait at least ten minutes after the engine has stopped and cooled down. 


Otherwise, hot water may gush out, scalding nearby people. 


3TAAAAB 1 P060A 


9Yl210318ENS0018USO 


Radiator Cap Air Leakage 


1. Set a radiator tester (1) and an adaptor (2) on the radiator cap. 
2. Apply the specified pressure (90 kPa, 0.9 kgf/cm2, 10 psi), and 


measure the time for the pressure to fall to 60 kPa (0.6 kgf/cm2, 


9 psi). 
3. If the measurement is less than the factory specification, 


replace the radiator cap. 


More than 10 seconds 
for pressure fall from 


Pressure falling time Factory spec. 90 to 60 kPa 
from 0.9 to 0.6 kgf/cm2 


from 10 to 9 psi 


(1) Radiator Tester (2) Adaptor 


9Yl2l031B&NS00l9USO 


1-S19 
KiSC issued 06, 2009 A 







Page 102 of 153


WG972-E2,DF972-E2,DG972-E2, WSM 


3TAAAAB1 P061A 


(4) Fuel System 


ENGINE 


Radiator Water Leakage 


1. Pour a specified amount of water into the radiator. 
2. Set a radiator tester (1) and an adaptor (2) and raise the water 


pressure to the specified pressure. 
3. Check the radiator for water leaks. 
4. For water leak from the pinhole, repair with the radiator cement. 


When water leak is excessive, replace the radiator. 


Radiator waler leakage 
test pressure 


(1) Radiator Tester 


Ad·ustin Governor 


Factory spec. 


(2) Adaptor 


No leak at specified 
pressure 


9Yl2103 18ENS0 02 0USO 


1. Loosen the governor lever nut (3). 
2. Set the throttle valve to the fully "OPEN" position with the 


governor lever (2) , turn the groove on the governor lever shaft 
(1) fully clockwise with a screwdriver (to open the governor 
completely), and then tighten the nut (3) in this position. 


9.81 to 11 .2 N·m 
Tightening torque Governor lever nut 1.00 to 1.15 kgf·m 


7.24 to 8,31 !bf-ft 


■ NOTE 
• Insert the governor lever to the position 2 mm (0.08 In.) (8) 


away from the fork lever shaft end. 


(1) Governor Lever Shaft 
(2) Governor Lever 
(3) Governor Lever Nut 


1-S20 


A: Open Direction 
B : 2 mm (0.08 in.) 
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Adjusting Engine Speed 


1. Warm up the engine at a medium speed for 1 0 to 15 minutes. 
2. Engine speed is adjusted to approx. 1500 min-1 (rpm) by the 


speed control lever (5) . 
3, Throttle valve (1) is closed by hand and engine speed is 


adjusted with the throttle adjust screw (2) to 1200 mh1 (rpm) 
(1100 to 1300 min·1 (rpm)). 


4. Adjust the low-idling speed adjust screw (3) until the engine 
speed reaches 1500 min·1 (rpm) (1400 to 1600 min·1 (rpm)) with 
the speed control lever (5) in the minimum speed position. 


5. Adjust the high-idling speed adjust screw (4) until the engine 
speed reaches 3850 min•1 (rpm) (3850 to 3950 min·1 (rpm)) with 
the speed control lever (5) in the maximum speed position. 


Lo-idling speed 


Hi-idling speed 


(1) Throttle Valve 
(2) Throttle Adjust Screw 
(3) Low-idling Adjust Screw 


Factory spec. 
1500 min-1 (rpm) 
(1400 to 1600 min·1 (rpm)) 


Factory spec. 
3850 111in•1 (rpm) 
(3850 to 3950 min•1 (rpm)) 


(4) High-idling Adjust Screw 
(5) Speed Control Lever 


9Yl210318ENS00220S0 


Carburetor WG972-E2 / Dual Fuel Carburetor OF972-E2 


The carburetor is tamper resistant; the idle mixture screw has 
been covered by tamper plug after adjustment at the factory. 


(1) Tamper Resistance 


9Yl210318ENS00230S0 
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3EBAAAB 1 P012B 


(1) 


3EBAAABOP006B 


ENGINE 


Replacement of Altitude Compensation Kit (Main Jet and Pilot 
Jet) (WG972-E2, OF972-E2) 


1. Remove the carburetor. 
2. Loosen the drain screw (6) to let fuel out. 
3. Remove the gasoline solenoid (3) . 
4. Remove the main jet (4) . 
5. Install the high-altitude kit's main jet onto the carburetor. 
6. Tighten the throttle adjust screw (5) and remove the pilot screw 


(1 ). 
7. Replace the existing pilot jet (2) with the high-altitude kit's pilot 


jet. 
8. tnstall the gasoline solenoid (3) . 
9. Install the carburetor in place. 
10. Readjust the governor. 
11. Adjust the engine speed. 
■ NOTE 
• After install the carburetor, the adjustment of governor and 


engine speed are executed. 
• Prepare a screwdriver that fits the main jet I pilot jet screws 


in order not to damage the main jet and pilot jet. 
• Replace the air cleaner packing and the carburetor packing 


with new ones. 
• Make sure there is no leak at the air cleaner packing and the 


carburetor packing. 
■ IMPORTANT 
• Keep the carburetor inner parts which is removed from 


standard carburetor. 


TTg htening torque 


(1) Pilot Screw 
(2) PIiot Jet 
(3) Gasoline Solenoid 


24 to 27 N·m 
Carburetor mounting nut 2.4 to 2.8 kgf·m 


18 to 20 lbf-1\ 


7.9 to 11 N·m 
Gasoline solenoid 0.80 to 1.2 kgf·m 


Main jet 


Pilotjet 


5.8 to 8.6 lbf·ft 


0.98 to 2.8 N·m 
0.10 to 0.29 kgf·m 
073 to 2.0 lbf- ft 


0.98 to 3.9 N·m 
0.10 to 0.40 kgf·m 
0.73 lo 2.8 lbMt 


(4) Main Jet 
(5) Throttle Adjust Screw 
(6) Drain Screw 


9Yl21031BENS00240S0 


ulator DF972-E2 


LPG vaporizer regulator is tamper resistant; the main and idle 
pressure adjustment screws have been covered by tamper caps 
after adjustment at the factory. 


(1) Tamper Resistance 


9Y12103l8ENS002SUSO 
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3EBAAAB1 P013A 


(4) 


3EBAAAB0P01 6B 


ENGINE 


Natural Gas Regulator {DG972-E2} 


Natural gas regulator is tamper resistant; the pressure 
adjustment screw have been covered by tamper caps after 
adjustment at the factory. 


(1) Tamper Resistance 


9Y1210318ENS0026US0 


Vapor zer Joints (DF972-E2) 


1. The direction of the joint for vapor hose is decided upon and a 
mark (2) is made. 


2. The direction of the joint for coolant hose is decided upon and a 
mark is made. 


■ NOTE 
• Vaporizer must be installed in an upright position (coolant 


hoses at bottom). 
• The joints (fitting) can be adjusted to any position. The joint 


must be tight in that position. 
• Apply an approved for GAS or LPG use liquid gasket (Three 


Bond 1104 or its equivalent) to thread (see figure) and 
tighten it. 


• Drain plug (1) must not be obstructed ; so that it can be 
removed during maintenance. 


• Apply liquid gasket to the thread of each joint and tighten 
them. 


• After selecting the joint (fitting) positions, insure that there 
are no leaks. 


Tightening torque 


(1) Drain Plug 
(2) Mark 


1-S23 


Joint for LPG hose 20 to 23 N·m 
of vaporizer 2,0 to 4.0 kgf·m 
(local arrangement) 15 to 17 lbMt 


Joint for vapor hose 
30 to 58 N·m 
3.0 to 6.0 kgf·m 


of vaporizer 
22 to 43 lbHt 


Joint for coolant hose 
30 to 58 N·m 


of vaporizer 
3.0 to 6.0 kgf-m 
22 to 43 lbf.lt 


(3) Liquid Gasket 
(4) Thread of Jolnt 


9Y1210318ENS0027USO 
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(5) Ignition System 


ENGINE 


Vaporizer Piping (DF972-E2) 


1. Connect the coolant hose (1) and (2) through the vaporizer. 
2. The joint part of vaporizer is adjusted to the upper side (A) and 


coolant is replenished through radiator, to bleed air in the 
vaporizer. 


3. Vaporizer (3) is returned to former position. 
4. Connect the vapor hose. 
5. Connect the vacuum lock hose (4). 
6. Tighten the vaporizer (3) . 
7. Connect the LPG hose. 
• O.D. of joint for vapor hose: 12.7 mm (0.500 in.) 
• O.D. of joint for coolant hose: 9.0 mm {0.35 in.) 


AcAUTION 
• All fuel connections added to this engine must be installed 


by qualified personnel and utilizing recognized procedures 
and standards. 


• These non-KUBOTA installed parts, such as hoses, 
fittings, piping, should be approved for LPG use and 
conform to UL, CSA, NFPA, and all other recognized 
standards. 


• An approved, listed fuel filter and electromechanical 
positive shutoff must be installed between the LPG tank 
and KUBOTA vaporizer. 


■ NOTE 
• The LPG liquid in joint (fitting) to the vaporizer/ regulator is 


not provided in the KIT by KUBOTA, due to the many 
different connection requirements by the OEM. 
The female thread into the vaporizer/ regulator is a PT 1/4 
METRIC thread. To insure good sealing the correct fitting 
must by used. 


• Vapor hose between the vaporizer and mixer must be of 
280 to 320 mm (11.1 to 12.5 in.) in length, to assure correct 
emissions and proper operation. 


• Perform air bleeding of the vaporizer (water passage). 
• Each hose must be tightened with a hose clamp. 


(1) Coolant Hose 
(2) Coolant Hose 
(3) Vaporizer 
(4) Vacuum Lock Hose 


Timing Light Test 


A: Joint 


1. Set the timing light to High-tension cord. 
2. Close the fuel cocks. 
3. Cranking the engine. 


9Yl210318ENS00280S0 


4. If the timing light blinks, the spark plug and ignition coil are 
normal. 


5. If the timing light does not blink, check the spark plug / ignition 
coil. 


9Yl2103l8ENS0029USO 
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A B 


3EBAAAB1 P020A 


ENGINE 


Ignition Timing 


1. Using a timing light, check that the ignition timing (stamps on the 
flywheel) (4) is aligned with the mark (3) on the rear end plate 
(2). 


2. The pick-up sensor is tamper resistant (5); the ignition timing 
adjustment screw has been covered after adjustment at the 
factory. 


0.34 to 0.40 rad 
Ignition timing Factory spec. (19 to 23 ") before T.D.C at 


(1) Flywheel 
(2) Rear End Plate 
(3) Mark 


Resistance of Plck-U Sensor 


1. Disconnect the connector. 


3600 min-1 (rpm) 


(4) Ignition nmlng 
(5) Tamper Resistance 


9Yl 210318ENS0030USO 


2. Measure the resistance with an ohmmeter. 
3. If the resistance is not with in the factory specifications, replace 


it. 


Resistance 


■ NOTE 


Factory 
spec. 


A-B 1.85 to 2.45 kO at 20 •c 


• This check sheet shows the results of the test conducted 
by using the "Sanwa-made testers SP-10 / SP-150" (analog 
meter). 


• Use of other testers than those above may show different 
measured results. 


9Yl210318ENS0031USO 
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3EBAAAB 1 P016A 


:~ 
C 


3EBAAA81P107A 


'3EBAAAB1P108A 


ENGINE 


Spark Test 


1. Remove the spark plug, put it inside the high voltage cord cap 
firmly, and then ground the threaded section to the engine body 
(not to painted or resin parts). 


2. Rotate the starter with the key switch and check that the plug 
sparks. 


AcAUTION 
• This test is hazardous of electric shocks. Never use hand 


or screwdriver to press the plug to ground it to the engine 
body. 


• Keep inflammable away from the engine. 
9Yl2l031BENS0032QS0 


Resistance of Ignition Coil 


1. Disconnect the connector. 
2. Measure the resistance with an ohmmeter. 
3. If the resistance is not with in the factory specifications, replace 


it. 


Resistance 


■ NOTE 


Factory 
spec. 


A- B 1.87 to 2.53 oat 20 ·c 
A - C 10.4 to 15.6 k!l at 20 •c 


• This check sheet shows the results of the test conducted 
by using the ''FLUKE MULTMETER 110 SERIES" (digital 
meter). 


• Use of other testers than those above may show different 
measured results. 


A : Terminal(+) 
B : Terminal(-) 


c : High Tension Cord 


9Y12103 1SENS00330S0 


Air Ga of En ine S eed Sensor for Electronic Governor 


1. Measure the air gap with a feeler gauge. 
2. If air gap differs from the factory specification, readjust the air 


gap. 


Air gap 


■ NOTE 


Factory spec. 
0.80 to 1.2 mm 
0.032 to 0.047 in. 


• The described numerical value is the values of KBT parts. 
• Checking sensor as described in the manual of sensor 


maker. 
• The described valve is the data of supply of kubota. 


Follow the instruction of OEM for parts adopted by OEM. 
9Y121031SENSD0340S0 


Resistance of En ine S eed Sensor for Electronic Governor 


1. Measure the resistance with an ohmmeter. 
2. If the resistance is not with in the factory specifications , replace 


it. 


j Resistance I Factory spec. I Approx. 2. 15 KO 


■ NOTE 
• The described numerical value is the values of KBT parts. 
• Checking sensor as described in the manual of sensor 


maker. 
• This check sheet shows the results of the test conducted 


by using the "FLUKE MULTMETER 110 SERIES". 
• The described valve is the data of supply of kubota. 


Follow the Instruction of OEM for parts adopted by OEM. 
9Yl21031BENS0035USO 
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I nitor Check Chart 


Positive A .B 


A - 10 to 40 kO 


B 10 to 40 kO -
C 10 to 40 kO 0.33 to 1.3 kn 


D 11 to 47 kn 1.Bto 7.3 kO 


E Infinity Infinity 


F 
2 megohm 2 megohm 
(minimum) (minimum) 


G 
2 megohm 2 megohm 
(minimum) (minimum) 


H 2 megohm 2 megohm 
(minimum) (minimum) 


■ NOTE 


ENGINE 


Resistance of lgn tor 


1. Disconnect the connector. 
2. Measure the resistance with an ohmmeter. 
3. If the resistance is not with in the factory specifications, replace 


it. 
9Yl~ l 0318ENS00360S0 


Negative 


C D E F G H 


10 to 40 kO 11 to 47 kO Infinity Infinity Infinity Infinity 


0.33 to 1.3 kO 1.8 to 7.3 k.O Infinity Infinity Infinity Infinity 


- 1.5 to 6.0 kQ Infinity Infinity Infinity Infinity 


1.5 to 6.0 kO - Infinity Infinity Infinity Infinity 


Infinity Infinity - Infinity Infinity Infinity 


2 megohm 2 megohm Infinity - Infinity Infinity 
(minimum) (minimum) 


2 megohm 2 megohm 
Infinity Infinity - Infinity 


(minimum) (minimum) 


2 megohm 2 megohm 
Infinity Infinity Infinity -


(minimum) (minimum) 


• This check sheets hows the results of the test conducted by using the "FLUKE MULTMETER 110 SERIES" 
(digital meter). 


• Use of other testers than those above may show different measured results. 
9Yl 210318 ENS00370S0 
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(6) Electrical System 


(2) (3) 


-


(2) 
I 


3EEAEAC1 P0438 


ENGINE 


Motor Test 


AcAUTION 
• 


1 . 
2. 
3. 
4. 
5. 


6. 


7. 


■ . 
• 


(H 
(2) 


Ma 


1. 
2. 
3. 
4. 
5. 


6. 


7. 


■ 


Secure the starter to prevent it from jumping up and down 
while testing the motor. 
Disconnect the battery negative cable from the battery. 
Disconnect the battery positive cable from the battery. 
Disconnect the leads from the starter B terminal. 
Remove the starter from the engine. 
Connect a jumper lead from the starter C terminal (1) to the 
battery positive termlnal (2). 
Connect a jumper lead momentarily between the starter's body 
and the battery negative terminal (3) , 
If the motor does not run , starter is failure. 
Repair or replace the starter. 


NOTE 
B terminal: It is the terminal which connects the cable from 
the battery to the starter. 
C termina I : It is the terminal which connects the cable from 
the motor to the magnet switch. 


C Terminal (3) Negative Termlnal 
Positive Terminal 


9Yl 2103l 8ENS00380S0 


netic Switch Test 


Disconnect the battery negative cable from the battery. 
Disconnect the battery positive cable from the battery. 
Disconnect the leads from the starter B terminal. 
Remove the starter from the engine. 
Connect a jumper lead from the starter S terminal (1) to the 
battery positive terminal (2). 
Connect a jumper lead momentarily between the starter's body 
and the battery negative terminal (3). 
If the pinfon gear does not pop out, the magnetic switch is 
failure. Repair or replace the starter. 


NOTE 
• B terminal : It is the terminal which connects the cable from 


the battery to the starter. 
• S terminal: It is the terminal which connects the cable from 


the starter switch to the magnet switch. 


(1) S Terminal (3) Negative Terminal 
(2) Positive Terminal 


9Yl210318ENS0039US0 


Ma net Switch Continuit Test 


1. Check the continuity across the C terminal (1) and the B 
terminal (2) with a circuit tester, pushing in the plunger. 


2. If not continuous or if a certain value is indicated, replace the 
magnet switch. 


(1) C Terminal 


1-S28 


(2) B Terminal 
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3EBAAAB1P021A 


I 
3EEACAB1 P0048 


ENGINE 


No-load Dynamo Output 


1. Disconnect the lead wires from the dynamo. 
2. Start the engine and operate the dynamo at the specified speed. 
3. Measure the output voltage with a volt meter. 


If the measurement is not within the specified values, replace 
the dynamo. 


No-load output voltage Factory spec. 
AC 20 V or more at 
5200 m1n·1 (rpm) 


9Yl2l0318ENS0041USO 


Regulator 


1. The engine is started. 
2. Measure the output voltage of the regulator with the voltmeter. 


I Output voltage I (6) - (2) 1 14 V to 15 V 


3. When the measurement is not the above table value, measure 
the input voltage of the regulator with the voltmeter. 


J lnput voltage I (1) - (3) I Dynamo output voltage 


4. When the measurement is the above table value, the regulator 
is failure. Exchange it. 


■ NOTE 
• When the input voltage of the regulator is out of 


specification, check the generator. 


(1) Terminal (Sky Blue) 
(2) Terminal (Black) 
(3) Terml nal (Sky Blue) 


Alternator on Unit Test 


(Before testing) 


(4) Terminal (Green) 
(5) Terminal (Yellow) 
(6) Terminal (Red) 


9Yl210318 ENS00420SD 


Before alternator on unit test, check the battery terminal 
connections, circuit connection, fan belt tension , charging 
indicator lamp, fuses on the circuit, and abnormal noise from the 
alternator. 


• Prepare full charged battery for the test. 


■ NOTE 
• Be careful not to touch the rotating engine parts while 


engine is running. 
Keep safety distance from the engine rotating parts. 


1. Start the engine. 
2. When the engine is operating measure the voltage between two 


battery terminals. If the voltage is between 13.8 V and 14.8 V, 
the alternator is operating normally. 


3. If the results of alternator on unit test are not within the 
specifications, disassemble the alternator and check the each 
component part for finding out the failure. See the 
"DISASSEMBLING AND ASSEMBLING" and "SERVICING" for 
alternator. 


Regulating voltage at no 
load 


1-S29 


Factory spec. 
13.8 to 14.8 Vat 25 •c 
(77 ' F) 
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3EBAAAB1P023A 


(7) Electronic Governor 


ENGINE 


Fuel Cut Off Solenoid 


1. Disconnect the connector. 
2. Measure the resistance with an ohmmeter between the 


connector terminals. 
3. If the factory specification is not indicated the solenoid Is faulty. 


WG972-E2, OF972-E2 ; 
Facto,y spec. Approx. 38 n at 20 •c 


for Gasoline 


DF972-E2 : for LPG Factory spec. Approx. 28 n at 20 •c 


(1) Fuel Cut off Solenoid for Gasoline (2} Fuel Cut off Solenoid for LPG 


9Yl2 10318ENS0044USO 


Adjust Governor Lever 


1. Loosen the idling speed screw (1) . 
2. Loosen the governor lever nut (4) . 
3. Turn the actuator shaft (3) fully counterclockwise. 
4. Turn the governor lever (5) fully counterclockwise. 
5. Tighten the governor lever nut (4) to the torque value. 


9.81 to 11.2 N·m 
Tightening torque Governor lever nut 1.00 to 1.15 kgf·m 


7.24 to 8.31 lbf-ft 


■ NOTE 
• Align governor lever (5) with pin hole of actuator shaft (A) 


and tighten nut (4). 
• When starter switch turned on, the actuator will be in 


position control at the configured minimum position. 


(1} Idle Adjust Screw 
(2) Actuator 
(3) Actuator Shaft 
(4} Governor Lever Nut 


1-S30 


(5) Governor Lever 


A : Setting Position 


9Y1210318ENS0045USO 


KISC issued 06, 2009 A 







Page 113 of 153


WG972-E2,DF972-E2,DG972-E2, WSM 


Adjust Throttle Lever 


AcAUTION 


ENGINE 


• Do not overrunning the engine because the electronic 
governor does not operate. 


• The adjustment of the idle speed due to this process is not 
an adjustment of the final product. 


1. Disconnect actuator connector (1 ). 
2. Start the engine while holding the throttle lever (2) at the idle 


position by finger. 
3. Adjust the engine speed with the idle adjust screw (3) to 1200 


min•1 (rpm). 


■ NOTE 
• An electronic governor controls the engine speed between 


1500 m1n·1 (rpm) and 3600 min-1 (rpm) though it depends on 
the applications. 


(1) Actuator Connector (3) Idle Adjust Screw 
(2) Throttle Lever 


9Yl210318ENS0046USO 


[2] DISASSEMBLING AND ASSEMBLING 
■ IMPORTANT 
• When reassembling, replace all of the O-rings and gaskets by new ones. 
• When disassembling the LPG engine after completely consuming the fuel in piping. 


9Yl210318ENS00470S0 


(1) Draining Coolant and Engine Oil 
Draining Engine Oil 


1. Start and warm up the engine for approx. 5 minutes. 
2. Place an oil pan underneath the engine. 
3. Remove the drain plug (1) to drain oil. 
4. After draining, screw in the drain plug. 
(When refilling) 
• Fill the engine oil up to the upper line on the dipstick (2). 
■ IMPORTANT 
• When using an oil of different maker or viscosity from the 


previous one, remove all of the old oil. 
• Never mix two different types of oil. 
• Engine oil should have properties of API classification SH. 
• Use the proper SAE Engine Oil according to ambient 


temperature. 


Above 25 •c (77 "F) SAE30 or SAE10W-30 


o ·c to 25 •c (32 °F to 77 °F) SAE20 or SAE10W-30 


Below 0 °C (32 °F) SAE10Wor SAE10W-30 


I Engine oil capacity 1 3.4 L 
0.90 U.S.gals 


33 to 37 N·m 
Tightening torque Drain plug 3.3 to 3.8 kgf·m 


24 to 27 lbf-ft 


(1) Drain Plug (2) Dipstick 


9Yl210318ENS0048US0 
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(2) External Components 


ENGINE 


A.CAUTION 
• Never remove radiator cap while operating or immediately 


after stopping. Otherwise, hot water will spout out from the 
radiator. Wait for more than ten minutes to cool the 
radiator, before opening the cap. 


1 . Prepare a bucket. Open the coolant drain cock. 


(1 ) Coolant Drain Cock 


9Yl210318ENS0049US0 


Alternator, Starter and Others 


1. Remove the air cleaner and muffler. 
2. Remove the cooling fan (1 ), fan pulley and fan belt (2). 
3. Remove the alternator. 
4. Remove the starter. 
(When reassembling) 
• Check to see that there are no cracks on the belt surface. 
■ IMPORTANT 
• After reassembling the fan belt, be sure to adjust the fan 


belt tension. 
• Do not confuse the direction of the fan. 


(1) Cooling Fan (2) Fan Belt 


9Y1210318ENS0050USO 


Fuel Line (WG972-E2) 


1. Disconnect the gasoline hose from the connector (1). 


(1) Gasoline Hose Connector 


9Yl2l03188NS00510S0 


LPG Hose and Coolant Hose {DF972-E2) 


A.cAUTION 
• Vent the air of the water passage of vaporizer (3) after 


detaching the coolant hose (5). 
1. Disconnect the LPG hose from the connector (4) . 
2. Disconnect the coolant hose (5) . 
3. Disconnect the vapor hose (2) and vacuum lock hose (1 ). 
4. Remove the vaporizer (3) (if necessary) . 


■ IMPORTANT 
• When disassembling the fuel system, make sure that the 


fuel valve is closed. 
(When reassembling) 
• Bleed the vaporizer after supplying coolant. 


(1) Vacuum Lock Hose 
(2) Vapor Hose 
(3) Vaporizer 


1-S32 


(4) LPG Hose Connector 
(5) Coolant Hose 
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(2) 
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t••_; 
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ENGINE 


Gas Hose {DG972-E2) 


1. Disconnect the gas hose from the connector. 
2. Disconnect the gas hose (2) between the regulator (3) and gas 


mixer (1). 
3. Remove the regulator (3) (if necessary). 


■ IMPORTANT 
• When disassembling the fuel system, make sure that the 


fuel valve closed. 


(1) Gas Mixer 
(2) Gas Hose 


(3) Regulator 


9Yl21031BENS0053USO 


Carburetor (Mechanical Governor) (WG972-E2, DF972-E2) 


1. Disconnect the connector of LPG solenoid (for DF972) (4) and 
the connector of gasoline solenoid (3). 


2. Disconnect the breather hose (1). 
3. Remove the air cleaner flange (2) and air cleaner gasket. 
4. Disconnect the governor rod (6) from the carburetor (7) and 


remove the carburetor (7). 
5. Remove the carburetor flange and gasket. 


■ NOTE 
• Do not bend the governor rod (6), when disassembling and 


assembling the carburetor (7). 
• Do not stretch the governor rod spring (5} when 


disassembling and assembling the carburetor (7). 


24 to 27 N·m 
Tightening torque Carburetor mounting nut 2.4 to 2.8 kgf·m 


(1) Breather Hose 
(2) Air Cleaner Flange 
(3} Gasoline Solenoid Connector 
(4) LPG Solenoid Connector 


18 to 20 lbf·fl 


(5) Governor Rod spring 
(6) Govemor Rod 
(7) Carburetor 


Governor Lever and Carburetor 
9Yl2l03l8 ENS 00540S0 


Electronic Governor 
(WG972-E2, DF972-E2) 


1. Disconnect the connector of LPG solenoid (for DF972) and the 
connector of gasoline solenoid. 


2. Loosen the governor lever nut. 
3. Remove the governor lever (7) with governor rod (5) and 


governor rod spring (6). 
4. Disconnect the breather hose (3). 
5. Remove the air cleaner flange (2) and air cleaner gasket. 
6. Remove the carburetor (4). 
7. Remove the carburetor flange (8) and gasket. 
■ NOTE 
• Do not bend the governor rod (5), when disassembling and 


assembling the carburetor (4). 
• Do not stretch the governor rod spring (6) when 


disassembling and assembling the carburetor (4). 


Tightening torque 


(1) Actuator 
(2) Air Cleaner Flange 
(3) Breather Hose 
(4) Carburetor 


1-$33 


24to27 N·m 
Carburetor mounting nut 2.4 lo 2.8 kgf·m 


18 to 20 lbMI 


(6) Govemor Rod 
(6) Governor Rod Spring 
(7) Governor Lever 
(8) Carburetor Flange 
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Gas Mixer (OG972-E2) 


1. Disconnect the breather hose (1 ). 
2. Remove the air cleaner flange (2) and air cleaner gasket. 
3. Disconnect the governor rod (5) and governor rod spring (4) 


from the gas mixer (3). 
4. Remove the gas mixer (3). 
5. Remove the carburetor flange and gasket. 


■ NOTE 
• Do not bend the governor rod (5), when disassembling and 


assembling the gas mixer (3). 
• Do not stretch the governor rod spring (4) when 


disassembling and assembling the gas mixer (3). 


Tightening torque 


(1) Breather Hose 
(2) Air Cleaner Flange 
(3) Gas Mixer 


24 to27 N·m 
Gas mixer mounting nut 2.4 to 2.8 kgf·m 


18 to 20 lbf-ft 


(4) Governor Rod Spring 
(5) Governor Rod 


9Yl210318ENS0056US0 


Adjust Governor Lever (Electronic Governor) (WG972-E2, 
DF972-E2) 


1. Loosen the idling speed screw (1 ). 
2. Loosen the governor lever nut (4) . 
3. Turn the actuator shaft (3) fully counterclockwise. 
4. Tum the governor lever (5) fully counterclockwise. 
5. Tighten the governor lever nut (4) to the torque value . 


9.81 to 11.2 N-m 
Tightening torque Governor lever nut 1,00 to 1.15 kgf·m 


7.24 to 8.31 lbHt 


■ NOTE 
• Align governor lever (5) with pin hole of actuator shaft (A) 


and tighten nut (4). 
• When starter switch turned on, the actuator will be in 


position control at the configured minimum position. 


(1) Idle Adjust Screw 
(2) Actuator 
(3) Actuator Shaft 
(4) Governor Lever Nut 


1-S34 


(5) Governor Lever 


A : Setting Position 
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(l ) 


(2) 


Adjust Throttle Lever (Electronic Governor) 
(WG972-E2, DF972-E2) 


AcAUTION 


ENGINE 


• Hold the throttle lever (2) by finger in the direction of the 
engine speed reduction so as not to overrun. 


• The adjustment of the idle speed due to this process is not 
an adjustment of the final product. 


1. Disconnect the connector (1) from actuator. 
2. Start the engine while holding the throttle lever (2) at the idle 


position by hand. 
3. Adjust the engine speed with the idle adjust screw (3) to 1200 


min·1 (rpm). 


■ NOTE 
• An electronic governor controls the engine speed between 


1500 min•1 (rpm) and 3600 min-1 (rpm) through it depends 
on the applications. 


(1) Connector (3) Idle Adjust Screw 
(2) Throttle Lever 


9Yl21031BENS00 580S0 


Actuator Electronic Governor WG972-E2 DF972-E2 


1. Remove the actuator mour.iting screw (1 ). 
2. Remove the actuator (2). 
3. Remove the actuator flange screw (4). 
4. Remove the actuator flange (3). 


4.5 to 5.3 N·m 
Actuator mounting screw 0.45 to 0.55 Kgf·m 


3.3 to 3.9 lbf-fl 
Tightening torque 


9.81 to 11 .2 N·m 
Actuator nange screw 1.00 to 1.15 l(gf·m 


7.24 to 8.31 lbH t 


AcAur10N 
• All electronic equipment is static-sensitive, some 


components more than others. 
• To protect these components from static damage. you 


must take special precautions to minimize or eliminate 
electrostatic discharges. 


(1) Actuator Mounting Screw 
(2) Actuator 


1-S35 


(3) Actuator Flange 
(4) Actuator Flange Screw 
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Governor Lever 


1. Disconnect the governor rod (2) and rod spring (1) from 
governor lever (3) . 


2. Disconnect the governor spring (4) from governor lever. 
3. Loosen the governor lever nut (6) . 
4. Remove the governor lever (3) from governor lever shaft (5) . 
(When reassembling) 
• Loosen the governor lever nut (6). 
• Set the throttle valve to the fully "OPEN" position with the 


governor lever (3), tum the groove on the governor lever shaft 
(5) fully clockwise with a screwdriver (to open the governor 
completely), and then tighten the nut (6) in this position. 


9.81 to 11 .2 N·m 
Tighlening torque Governor lever nut 1 .00 to 1.1 5 kgf·m 


7.24 to 8.31 lbHI 


■ IMPORTANT 
• After assembly of engine is completed, the adjustment of 


governor is executed. 
• Insert the governor lever to the position 2 mm (0.08 in.) (B) 


away from the governor lever shaft end. 


(1) Governor Rod Spring 
(2) Governor Rod 
(3) Governor Lever 
(4) Governor Spring 
(5) Governor Lever Shaft 
(6) Governor Lever Nut 


1-S36 


A : Open Direction 
B : 2 mm (0.08 in.) 
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Ignition Coll and Spark Plug 


1. Disconnect the plug cap (1). 
2. Disconnect the connector of ignition coil (3). 
3. Remove the ignition coil (2). 


A : for No. 1 cylinder 
B : for No. 2 cylinder 
C : for No. 3 cylinder 


4. Remove the spark plug (4). 


(1) Plug Cap 
(2) Ignition Coil 


(3) Ignition Coil Connector 
(4) Spark Plug 


9Yl210318ENS00 610S0 


(3) Cylinder Head, Valves and Oil Pan 
Cylinder Head Cover 


1. Remove the head cover screws ( 1). 
2. Remove the cylinder head cover (2). 
3. Remove the intake manifold (3) . 
(When reassembling) 
• Check to see if the cylinder head cover gasket is not defective. 


9.81 to 11 .2 N·m 
Tightening torque Cylinder head cover screw 1.00 to 1.15 kgf·m 


7 .24 to 8.31 lbf·ft 


(1) Head Cover Screws 
(2) Cylinder Head Cover 


(3) Intake Manifold 


9Y l 210318ENS0062USO 
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3EEABAB 1 P062B 


(3) 


(4) 


00) O(b) 0(9) 
Q(n) 0 (f) 0 (c) 0 k) 
00 00 00 A 
~~o O e o O(d)~ 0(1) 


\..k>(i) U o(a)U Q(h) 
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Rocker Arm and Push Rod 


1. Remove the rocker arm bracket screws (1 ). 
2. Detach the rocker arm assembly (2). 
3. Remove the push rods (3). 
(When reassembling) 


ENGINE 


• When putting the push rods (3) onto the tappets (4), check to 
see if their ends are properly engaged with the dimples. 


■ IMPORTANT 
• After installing the rocker arm, be sure to adjust the valve 


clearance. 


12 to 14 N·m 
Tightening torque Rocker arm bracket screw 1.2 to 1.5 kgf-m 


(1) Rocker Arm Bracket Screws 
(2) Rocker Arm Assembly 


8.7 to 10 lbf-fl 


(3) Push Rod 
(4) Tappet 


9Yl 210 318ENS0063USO 


Cylinder Head 


1. Loosen the pipe clamps (2), and remove the water return hose 
(1 ). 


2. Remove the cylinder head screw in the order of (n) to (a). 
3. Lift up the cylinder head to detach. 
4. Remove the cylinder head gasket. 
(When reassembling) 


Replace the cylinder head gasket with a new one. 
• Tighten the cylinder head screws after applying sufficient oil. 
• Tighten the cylinder head screws in order of (a) to (n). 
• Tighten them uniformly. or the head may deform in the long run. 


Tightening torque 


(1) Water Return Hose 
(2) Hose Clamp 


Tappets 


401044 N·m 
Cylinder head screw 4.0 to 4.5 kgf- m 


29 to 32 lbf·fl 


A : Gear Case Side 
(n) to (a) : To Loosen 
(a) to (n) : To Tighten 


9Y121031BENS0064050 


1. Remove the tappets (1) from the crankcase. 
(When reassembling) 
• Visually check the contact between tappets and cams for proper 


rotation. If defect is found, replace tappets. 
• Before installing the tappets, apply engine oil thinly around 


them. 


■ IMPORTANT 
• Do not change the combination of tappet and tappet guide. 


(1) Tappet 


9Yl210318ENS0065USO 
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(8) 


(9) (6) 


3EBAAAB 1 P029C 


ENGINE 


Valves 


1. Remove the valve caps (2). 
2. Remove the valve spring collet (3), pushing the valve spring 


reta ner (4) with valve spring replacer (1 ). 
3. Remove the valve spring retainer (4), valve spring (5) and valve 


stem seal (6) . 
4. Remove the valve (7). 
(When reassembling) 
• Wash the valve stem and valve guide hole, and apply engine oil 


sufficiently. 
• After installing the valve spring collets. lightly tap the stem to 


assure proper fit w th a plastic hammer. 
• Install a new stem seal on the valve guide (9) vertically with a jig 


(8) when insert the stem seal (6). (See page G-29: "Valve Stem 
Seal Replacing Tool".) 


■ IMPORTANT 
• Be sure stem seal (6) seats firmly against groove (10) on 


valve guide. 
• Use care to prevent damage to lip of stem seal and valve 


stem when detach the valve spring collet by compressing 
the valve spring. 


• Do not change the combination of valve and valve guide. 


(1) Valve Spring Replacer 
(2) Valve Cap 
(3) Valve Spring Collet 
(4) Valve Spring Retainer 
(5) Valve Spring 


1-S39 


(6) Valve Stem Seal 
(7) Valve 
(8) Jig 
(9) Valve Guide 
(1 0) Groove of Valve Guide 
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(4) Thermostat 


y---(1) 
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ENGINE 


Oil Pan and Oil Strainer 


1 _ Remove the oil pan mounting screws (2) . 
2. Remove the oil pan (1) by lightly tapping the rim of the pan with 


(2) a wooden hammer. 
3. Remove the oil strainer (3). 
(When reassembling) 
• After cleaning the oil strainer, check to see that the filter mesh 


In clean , and install it. 
• Visually check the O-ring (4), apply engine oil , and install it. 
• Securely fit the O-ring to the oil strainer. 
• To avoid uneven tightening, tighten oil pan mounting screws in 


diagonal order form the center. 
• Using the hole (5) numbered "3" , install the oil strainer by 


mounting screw. 


■ IMPORTANT 
• Scrape off the old adhesive completely. Wipe the sealing 


surface clean. Now apply new adhesive 3.0 to 5.0 mm (0.12 
to 0.19 in.) thick all over the contact surface. Apply the 
adhesive also on the center of the flange as well as on the 
inner wall of each bolt hole. 


• Cut the nozzle of the "liquid gasket" (Three Bond 1207D or 
equivalent) container at its second notch. Apply "liquid 
gasket" about 5.0 mm (0.19 in.) thick. 
Within 20 minutes after the application of fluid sealant, 
reassemble the components. Wait then for about 30 
minutes, and pour oil in the crankcase. 


(1) OIi Pan (4) O-rlng 
(2) Oil Pan Mounting Screw 
(3) Oil Strainer 


(5) Hole Numbered "3" 


9Yl210318ENS006?USO 


Thermostat Assembly 


1. Remove the thermostat cover mounting screws (1 ), and remove 
the thermostat cover (2). 


2. Remove the thermostat assembly (4) , 
(When reassembling) 
• Apply a liquid gasket (Three Bond 1215 or equivalent) only at 


the thermostat cover side of the gasket (3) . 


(1) Thermostat Cover Mounting Screw (3) Thermostat Cover Gasket 
(2) Thermostat Cover (4) Thermostat Assembly 


9Y121031 8ENS0068 0S0 
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(5) Timing Gear, Camshaft and Fuel Camshaft 
S eed Control Plate 


1. Remove the screws (1) and separate the speed control plate 
(2) . 


(When reassembling) 
• Remove the speed control plate (for mechanical governor only) 


(2) and make sure that the governor lever shaft (3) is correctly 
set in the governor fork (4). 


■ NOTE 
• Electronic governor specification engine has modified 


from speed control plate to cover plate. 


(1) Screws and Copper Washers 
(2) Speed Control Plate 


Fan Drive Pulle 


(3) Governor Lever Shaft 
(4) Governor Fork 


9Yl210318ENS0069USO 


1. Secure the flywheel to keep it from turning . 
2. Remove the fan drive pulley screw. 
3. Draw out the fan drive pulley with a puller. 
(When reassembling) 
• Install the pulley to the crankshaft, aligning the mark (1) on 


them. 
• Apply engine oil to the fan drive pulley retaining screws. And 


tighten them. 


118 to 127 N·m 
Tightening torque Fan drive pulley screw 12.0 to 13.0 kgf·m 


86.8 to 94.0 /bf.ft 


(1) Alignment Mark 


9Y1210318ENS0070USO 


Gear Case 


1. Remove the screw (1) of inside the gear case and outside 
screws. 


2. Remove the gear case (2). 
(When reassembling) 
• Apply a liquid gasket (Three Bond 1215 or equivalent) to both 


sides of the gear case gasket. 
• Be sure to set three O-rings inside the gear case. 


(1) Screw (Inside) 


1-S41 


(2) Gear Case 
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(3) 


ENGINE 


Water Pump Assembly 


1. Remove the water pump assembly (2) from the gear case 
cover. 


(When reassembling) 
• Apply a liquid gasket (Three Bond 1215 or equivalent) to both 


sides of water pump gasket (3). 


(1) Water Pump Flange (3) Water Pump Gasket 
(2) Water Pump Assembly 


9Y1210318ENS0072USO 


Idle Gear 


1. Remove the external snap ring (1) , the collar (3) and the idle 
gear (2). 


2. Remove the idle gear shaft mounting screws (4). 
3. Remove the idle gear shaft (5). 
(When reassembling) 
• Apply engine oil to the idle gear shaft mounting screw (4) . And 


tighten them. 
• Install the idle gear, aligning the mark (6) on the gears referring 


to the photo. 


Idle gear shaft mounting 
9.81 to 11.2 N·m 


Tightening torque 1.00 to 1.15 Kgf-m 
screw 


(1) External Snap Ring 
(2) Idle Gear 
(3) Idle Gear Collar 


Camshaft 


7.24 to 8.31 lbHt 


(4) Idle Gear Shaft Mounting Screw 
(5) Idle Gear Shaft 
(6) Alignment Mark 


9Yl210318ENS00730S0 


1. Remove the camshaft mounting screws (1) and draw out the 
camshaft with gear (2) on it. 


(When reassembling) 
When install the camshaft, apply engine oil to the camshaft 
journals. 


• Apply engine oil to the camshaft mounting screws. And tighten 
them. 


(1) Camshaft Mounting Screw 


1-S42 


(2) Camshaft Gear 
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(1 


3EBAMB 1 P039B 


(6) Piston and Connecting Rod 


3TAAAAD1 P043A 


ENGINE 


Fuel Camshaft 


1. Remove the retaining plate (4). 
2. Remove the fork lever holder (for mechanical governor only) 


mounting screws (6), then draw out the injection pump gear (1) 
and fuel camshaft (5) with the governor fork assembly. 


■ NOTE 
• Electronic governor specification engine does not install 


the fork lever (3) and governor assembly. 


(1) Injection Pump Gear (4) Retaining Plate 
(2) Governor Sleeve (5) Fuel Camshaft 
(3) Fork Lever (6) Fork Lever Holder Mounting Screw 


9Yl210318ENS0075US0 


Oil Pum and Crankshaft Gear 


1. Remove the oil pump gear (5). 
2. Remove the oil pump (6) . 
3. Remove the collar (3), O-ring (4) and crankshaft oil slinger (2). 
(When reassembling) 
• Install the collar (3) after aligning the marks on the gear. 


(1) Crankshaft Gear (4) O-ring 
(2) Crankshaft Oil Slinger (6) Oil Pump Gear 
(3) Crankshaft Collar (6) Oil Pump 


9Yl210318ENS0076USO 


Connecting Rod Cap 


1. Remove the connecting rod caps (1) using a hexagonal 8 mm 
socket. 


(When reassembling) 
• Align the marks (a) with each other. (Face the marks toward the 


intake manifold.) 
• Apply engine oil to the connecting rod screws and lightly screw 


it in by hand, then tighten it to the specified torque. 
If the connecting rod screw won't be screwed in smoothly, clean 
the threads. 
If the connecting rod screw is still hard to screw in, replace it. 


27 to 30 N·m 
Tightening torque Connecting rod screw 2.7 to 3.1 kgf-m 


20 to 22 lbf-ft 


(1) Connecting Rod Cap (a) Mark 


9Yl210318ENS00170S0 
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3EBAAAB1P041A E 


(11) 


3EBAAAB1 P043A 


ENGINE 


Piston 


1. Turn the flywheel and bring the piston to top dead center. 
2. Draw out the piston upward by lightly tapping it from the bottom 


of the crankcase with the grip of a hammer. 
3. Draw out the other pistons after the same method as above. 
(When reassembling) 
• Before inserting the piston into the cylinder, apply enough 


engine oil to the piston. 
• When inserting the piston into the cylinder, face the mark on the 


connecting rod to the fuel camshaft. 
• When inserting the piston into the cylinder, place the gap "C" of 


the top compression ring on the opposite side of the slant 
portion, and stagger the gaps ''A", "E" of the second 
compression ring and spacer making 2.09 rad (1 20 °) from the 
gap of the top compression ring. Further, stagger the gaps "D", 
"B" of the upper and lower side rail making 1.6 rad (90 °) from 
the gap of the spacer. 


■ IMPORTANT 
• Do not change the combination of cylinder and piston. 


Make sure of the positlon of each piston by marking. For 
example, mark "1" on the No. 1 piston. 


• When installing the piston into the cylinder, place the gaps 
of all of the piston rings as shown in the figure. 


• Carefully insert the piston using a piston ring compressor 
(1 ). Otherwise, their chrome-plated section may be 
scratched, causing trouble inside the cylinder. 


(1) Piston Ring Compressor 


A : Second Compression Ring Gap 


D : Side Rail Gap 
E : Spacer Gap 


B: Side Rail Gap (a) 2.09 rad (120 ") 
C: Top Compression Ring Gap (b) 1.6 rad (90 ") 


9Yl2 10318ENS0078US0 


Piston Ring and Connecting Rod 


1. Remove the piston rings using a piston ring tool. 
2. Remove the piston pin (10), and separate the connecting rod (8) 


from the piston (7). 
(When reassembling) 
• When installing the second compression ring (2) , assemble the 


rings so that the manufacturer's mark (11) near the gap faces 
the top of the piston. 


• Apply engine oil to the piston pin. 
• When installing the connecting rod to the piston, immerse the 


piston in 80 •c (176 °F) oil for 1 o to 15 minutes and insert the 
piston pin to the piston. 


• When installing the connecting rod to the piston, align the mark 
(9) on the connecting rod to the plug recess (6). 


■ IMPORTANT 
• Mark the same number on the connecting rod and the 


piston so as not to change the combination. 


(1) Top Ring 
(2) Second Ring 
(3) Side Rail 
(4) Spacer 
(5) Piston Pin Snap Ring 
(6) Plug Recess 


1-S44 


(7) Piston 
(8) Connecting Rod 
(9) Mark 
(10) Piston Pin 
(11) Manufacturer's Mark 
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(7) Crankshaft 


{4) 


3TAAAAD1 P0S0A 


ENGINE 


Flywheel 


1. Secure the flywheel to keep it from turning using a flywheel 
stopper. 


2. Remove all flywheel screws (1) and then remove the flywheel 
(2). 


(When reassembling) 
• Align the "1TC" mark (a) on the outer surface of the flywheel 


horizontally with the alignment mark (b) on the rear end plate. 
Now fit the flywheel in position. 


• Apply engine oi l to the threads and the undercut surface of the 
flywheel screw and fit the screw. 


Tight.ening torque 


(1) Flywheel Screw 
(2) Flywheel 


Flywheel screw 


Bearing Case Cover 


54 to 58 N·m 
5,5 to 6.0 kgf-m 
40 to 43 lbf·ft 


(a) 1TC Mark 
(b) Alignment Mark 


9Yl 2103 18ENS00 800SO 


1. Remove the bearing case cover mounting screws. First, remove 
inside screws (1) and then outside screws (2). 


2. Remove the bearing case cover (6). 
(When reassembling) 
• Fit the bearing case gasket (3) and the bearing case cover 


gasket (4) with correct directions. 
• Install the bearing case cover (6) to position the casting mark 


"UP" (a) on it upward. 
• Apply engine oil to the oil seal (5) lip and take care that it is not 


rolled when installing. 
• Tighten the bearing case cover mounting screws with even 


force on the diagonal line. 


Bearing case cover 
9.81 to 11.2 N·m 


Tightening torque 1.00 to 1.15 kgf·m 
mounting screw 


(1) Bearing Case Cover Mounting 
Screw (Inside) 


(2) Bearing Case Cover Mounting 
Screw (Outside) 


(3) Bearing Case Gasket 
(4) Bearing Case Cover Gasket 


1-S45 


7 .24 lo 8.31 lbf-lt 


(5) Oil Seal 
(6) Bearing Case Cover 


(a) Top Mark "UP" 
(b) Upside 
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Crankshaft Assembly 


1. Remove the main bearing case screw 2 ( 1 ). 
2. Turn the crankshaft to set the crankpin of the ,third cylinder to the 


bottom dead center. Then draw out the crankshaft until the 
crankpin of the second cylinder comes to the center of the third 
cylinder. 


3. Turn the crankshaft by 2.09 rad (120 ") counterclockwise to set 
the crankpin of the second cylinder to the bottom dead center. 
Draw out the crankshaft until the crankpin of the first cylinder 
comes to the center of the third cylinder. 


4. Repeat the above steps to draw out all the crankshaft. 
(When reassembling) 
• Clean the oil passage of the crankshaft with compressed air. 


Install the crankshaft assembly, aligning the screw hole of main 
bearing case screw 2 with the screw hole of crankcase. 


• When tightening the main bearing case screw 2, apply oil to the 
main bearing case screw 2 (1) and screw by hand before 
tightening the specific torque. If not smooth to screw by hand, 
align the screw holes between the crankcase and the main 
bearing case. 


27 to 30 N·m 
Tightening torque Main bearing case screw 2 2.7 to 3.1 kgf·m 


(1) Main Bearing Case Screw 2 


1-S46 


20 to 22 lbf-lt 


(a) Cut Place for Removing and 
Installing the Crankshaft 
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(t) 


(2) 


(3) 


3EEACAA1P0818 (4) 


(7) 


(9) (8) 


3EEACM 1 P082C 


3TAAAAD1 P054G 


3TAMAD1P055H 


(4) 


3EEACAA 1 P083F 


ENGINE 


Main Bearing Case Assembly 


1. Remove the two main bearing case screws 1 (4) , and remove 
the main bearing case assembly 1 (1), being careful with 
crankshaft bearing 3 (5) (9) . 


2. Remove the main bearing case assembly 2 (2) and the main 
bearing case assembly (3) as above. K-eep in mind, however, 
that the thrust bearing (8) is installed in the main bearing case 
assembly (3). 


(When reassembling) 
• Clean the oil passage in the main bearing cases. 
• Apply clean engine oil to the bearings. 
• Install the main bearing case assemblies in original positions. 


Since diameters of main bearing cases vary, install them in 
order of marking (b) from the gear case side. (Refer to the 
figure.). 


• Be careful not to confuse the top and bottom of the crankshaft 
bearing 3 (5) (9). (Install the bearing with the oir groove (c) up.). 


• Match the alignment numbers (a) on the main bearing case 
assembly 1. 


• Do the same for the main bearing case assembly 2 (2) and the 
main bearing case assembly (3) too. 


• When installing the main bearing case 1 and 2, face the mark 
"FLYWHEEL" to the flywheel. 


• Install the thrust bearing (8) with its oil groove facing outward. 
• Confirm that the main bearing case rnoves smoothly after 


tightening the main bearing case screw 1 to the specified 
torque. 


13 to 15 N·m 
Tightening torque Main bearing case screw 1 1 .3 to 1.6 kgf·m 


(1) Main Bearing Case Assembly 1 
(2) Main Bearing Case Assembly 2 
(3) Main Bearing Case Assembly 
(4) Main Bearing Case Screw 1 
(5) Crankshaft Bearing 3 (Upper, with 


Oil Groove) 
(6) Crankshaft Bearing 2 


(Upper, with Oil Groove) 
(7) Crankshaft Bearing 2 


(Lower) 
(8) Thrust Bearing 
(9) Crankshaft Bearing 3 (Lower) 


1-S47 


9.4 to 11 lbf-lt 


(a) Alignment Number 
(b) Marking (1 or 2) 
(cl on Groove 
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(8) Starter 


(3) 


) (16) 
(d) (8) (1l)j (18) 


114) (j5) 1 


(22) 


3EBAAAB1 P045C 


1. Unscrew the C terminal nut (7), and disconnect the connecting lead (12). 
2. Unscrew the solenoid switch mounting nuts (1), and remove the solenoid switch (5). 
3. Remove the end frame cap (17) . 
4. Remove the brake shoe (16) , brake spring (15) and gasket (14} . 
5. Unscrew the through bolts (22}, and remove the rear end frame (13) . 
6. Remove the brush from the brush holder while holding the spring up. 
7. Remove the brush holder (21) . 
8. Draw out the yoke (19) from the starter drive housing (2). 
9. Draw out the armature (10) with the drive lever (3). 
■ NOTE 
• Do not damage to the brush and commutator. 


(When reassembling) 


ENGINE 


(1) Solenoid Switch Mounting 
Nut 


(2) Starter Drive Housing 
(3) Drive Lever 
(,4) Gasket 
(5) Solenord Switch 
(6) B Terminal Nut 
(7) C Terminal Nut 
(8) Snap Ring 
(9) Overrunning Clutch 
(10) Armature 
(11) Brush Spring 
(12) Connecting Lead 
(13) Rear End Frame 
(14) Gasket 
(15) Brake Spring 
(16) Brake Shoe 
(17) End Frame Cap 
(1 8) Screw 
(19) Yoke 
(20) Brush 
(21) Brush Holder 
(22) Through Boll 


Apply grease (DENSO.CO.LTD. No. 50 or equivalent) to the parts indicated in the figure. 
- Joint of solenoid switch (a) 


Bushing (b) 
Drive lever (c) 
Collar (d) 
Teeth of pinion gear (e) 
Armature shaft (f) 


Starter's terminal B 
Tightening torque 


mounting nut 


5.9 to 11 N·m 
0.60 to 1.2 kgf- m 
4.4 to 8.6 lbf-fl 


9Yl210318ENSOOB40S0 
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(9) Dynamo 


(6) 


(5) 


3EEACAB1 P021 A 


1. Remove the nut and separate the plate (7). 
2. Tap out the shaft (1) from the rotor (3). 
3. Unscrew the screws and remove the stator (6). 
(When reassembling) 


(SJ 


~ 


• Take care the direction of the collar (4) , the flat side should face to the pulley side. 


40 to44 N·m 
Tightening torque Dynamo's pulley nut 4.0 to 4.5 kgf·m 


29 to 32 lbHt 


1-S49 


ENGINE 


(1) Shaft 
(2) Pulley 
(3) Rotor 
(4) Collar 
(5) Bearing 
(6) Stator 
(7) Plate 
(8) Bearing 
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(10) Alternator 


3EEAEAC1 P046B (8) 


1. Remove the pulley (1 ). 
2. Remove the rear end cover (12) . 
3. Remove the brush holder (11). 
4. Remove the IC regulator (10). 
5. Remove the four screws holding the stator lead wires. 
6. Remove the rectifier (9). 
7. Remove the rear end frame (8) . 
8. Press out the rotor (6) from drive end frame (2). 
9. Remove the retainer plate (5) . 
10. Press out the bearing (4) frotn drive end frame (2) with a press and jig. 


(1) Pulley 
(2) Drive End Frame 
(3) Slator 
(4) Bearing 
(5) Retainer Plate 
(6) Rotor 
(7) Bearing 
(8) Rear End Frame 
(9) Rectifier 
(10) IC Regulator 
(111) Brush Holder 
(12) Rear End Cover 


1 t . Lightly secure the rotor with a vise to prevent damage, and remove the bearing (7) with a puller. 
(When reassembling) 


-
58.4 to 78.9 N·m 


Tlghlening torque Alternator's pulley nut 5.95 to 8.05 kgf-m 
43.1 to 58.2 lbMt 


ENGINE 
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[3] SERVICING 
(1) Cylinder Head and Valves 


3TMABAB 1 P056A 


3EEABAB 1 P1128 


3TMABAB0P059B 


/:0 o 0 1/ C'::-::'" ) 
3TMABAB1 P057A 


3EEACAA 1 P084A 


0 ~ 0 
C':=:C"\ 


ENGINE 


Cylinder Head Surface Flatness 


1. Clean the cylinder head surface. 
2. Place a straightedge on the cylinder head'·s four sides and two 


diagonal as shown in the figure. 
Measure the clearance with a feeler gauge. 


3. If the measurement exceeds the allowable limit, correct it with a 
surface grinder. 


■ IMPORTANT 
• Be sure to check the valve recessing after correcting. 


Cylinder head surface 
flatness 


Cylinder Head Flaw 


Allowable limit 
0.05 mm 
0.002 In. 


9Y1210318ENS00870S0 


1. Prepare an air spray red check_ 
2. Clean the surface of the cylinder head with the detergent (2) . 
3. Spray the cylinder head surface with the red permeative liquid 


(1) . Leave it five to ten minutes after spraying. 
4. Wash away the red permeative liquid on the cylinder head 


surface with the detergent (2). 
5, Spray the cylinder head surface wifh the white developer (3). 
6, If flawed, it can be identified as red marks. 


(1 ) Red Permeative Liquid 
(2} Detergent 


Valve Recessing 


(3) White Developer 


9Yl210j lBENS00B8US 0 


1. Clean the cylinder head, the valve face and seat. 
2. Insert the valve into the valve guide. 
3. Measure the valve recessing with a depth gauge. 
4. If the measurement exceeds the allowable limit, replace the 


valve. 
5. If it still exceeds the allowable limit after replacing the valve, 


replace the cylinder head. 


0.1 o {Protrusion) to 


Factory spec. 
0.10 (recessing) mm 


Valve recessing (Intake 0.0039 (protrusion) to 


and Exhaust) 0.0039 (recessing) in . 


Allowable limit 
0.30 (recessing) mm 
0.012 (recessing) in. 


(1) Cylinder Head Surface (A) Recessing 
(BJ Protrusion 


9Yl21031 BENS008 9USO 
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3EEABAB1 P115A 


3EEABAB1 P116A 


(A) 
3EEABAB1 P117A 


I 


(B) 


ENGINE 


Clearance between Valve Stem and Vafve Guide 


1. Remove carbon from the valve guide section. 
2. Measure the valve stem O.D. with an outside micrometer. 
3. Measure the valve guide I.D. with a small hole gauge, and 


calculate the clearance. 
4. If the clearance exceeds the allowable limit, replace the valves. 


If it still exceeds the allowable limit, replace the valve guide. 


Clearance between Factory spec. 
0,030 to 0.057 ml'TJ 
0,0012 to 0.0022 in . 


valve stem and valve 
guide Allowable limit 


0.10 mm 
0.0039 in. 


Valve stem 0.0. Factory spec. 
5.96810 5.980 mm 
0.2350 to 0.2354 In. 


Valve guide LO. Factory spec._ 
6.010 to 6.025 mm 
0.2367 to 0.2372 In. 


9Yl 210318ENS00900S0 


Replacing Valve Guide 


(When removing) 
1. Press out the used valve guide using a valve guide replacing 


tool. 
(When installing) 
1. Clean a new valve guide and valve guide bore, and apply 


engine oil to them. 
2. Press in a new valve guide using a valve guide replacing tool. 
3. Ream precisely the I.D. of the valve guide to the specified 


dimension. 


Valve guide I.D.(lntake 
and exhaust) 


■ IMPORTANT 


Factory spec. 
6.010 to 6.025 mm 
0.2367 to 0.2372 in. 


• Do not hit the valve guide with a hammer during 
replacement. 


(A) When Removing 


1-S52 


(8) When Installing 
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3TMABA81 P059A 


0 0 
(1) (2) (3) 


3TMABAB1 P060A 


ENGINE 


Valve Seating 


1. Coat the valve face lightly with prussian blue and put the valve 
on its seat to check the contact. 


2. If the valve does not seat all the way around the valve seat or 
the valve contact is less than 70 %, correct the valve seating as 
follows. 


3. If the valve contact does not comply with the reference value, 
replace the valve or correct the contact of valve seating. 


Valve seat wldth 


(1) Correct 
(2) Incorrect 


1-S53 


Factory spec. 
2.12 mm 
0.0835 in. 


(3) Incorrect 
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3EEABAB1P118A 


(A) (B) 


(c) 


(C) 


3EEACAA 1 P088A 


3EEABAB1 P119B 


3EBAAAB1P0 


ENGINE 


Correctin Valve and Valve Seat 


■ NOTE 
• Before correcting the valve and seat, check the valve stem 


and the 1.0. of valve guide section, and repair them if 
necessary. 


• After correcting the valve seat, be sure to check the valve 
recessing. 


1) Correcting Valve 
1. Correct the valve with a valve refacer. 


I Valve face angle l Factory spec. 


2) Correcting Valve Seat 


l 0.79 rad 
45 ° 


1. Sligfitly correct the seat surface with a 0. 79 rad (45 °) valve seat 
cutter. 


2. Fitting the valve, check the contact position of the valve face 
and seat surface with prussian blue. (Visual check) [If the valve 
has been used for a long period, the seat tends to come in 
contact with the upper side of the valve face.] 


3. Grind the upper surface of the seat with a 0.26 rad (15 °) valve 
seat cutter until the valve seat touches to the center of the valve 
face (so that (a) equals (b) as shown in the figure.) 


4. Grind the seat with a 0.79 rad (45 ") valve seat cutter again, and 
visually recheck the contact between the valve and seal 


5. Repeat steps 3 and 4 until the correct contact is achieved. 
6, Continue lapping until the seated rate oecomes more than 70 % 


of the total contact. 


Valve seat angle 


(1) Valve Seat Cutter 


(A) Check Contact 
(B) Correct Seat Width 
(C) Check Seat Surface 
(D) Check Contact 


Valve Lapping 


Faslory spec. 
0.79 rad 
45 C 


(a) Identical Dimensions 
(b) Valve Seat Width 
(c) 0.26 rad (15 •1 
(d) 0.79 rad (45 °) 


9Y12103 18ENS0093US0 


1. Apply compound evenly to the valve lapping surface. 
2. Insert the valve rnto the valve guide. Lap the valve onto its seat 


with a valve flapper or screwdriver. 
3. After lapping the valve, wash the compound away and apply oil , 


then repeat valve lapping with oil. 
4. Apply prussiar, blue to the contact surface to check the seated 


rate. If it is less than 70 %, repeat valve lapping again. 


■ IMPORTANT 
• When valve lapping is performed, be sure to check the 


valve recessing and adjust the valve clearance after 
assembling the valve. 


9Y l 210318ENS0094USO 
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3EEABAB1P121C 


3EEABAB1P122A 


3TAAAAD 1 P060A 


ENGINE 


Free Length and Tilt of Valve Sprlng 


1. Measure the free length (B) of valve spring with vernier calipers. 
If the measurement is less than the allowable limit, replace it. 


2. Put the spring on a surface plate, place a square on the side of 
the spring. 


3. Check to see if the entire side is in contact With the square. 
Rotate the valve spring and measure the maximum tJlt (A) . 
If the measurement exceeds the allowable limit, replace it. 


4. Check the entire surface of the valve spring for scratches. 
If there is any defect, replace ft. 


I Till (A) 


Free length (BJ 


(A) Tilt 


Valve S 


I Allowable limit 


Factory spec 


Allowable limit 


1 1.0 mm 
0.039 in. 


"31.3 to 31 .8 mm 
1.24 to 1.25 in , 


28.4 mm 
1.12 in. 


(B) Free length 


9Y l 21031GENS00 9 5 □S0 


1. Place the valve spring on a tester and compress it to the same 
length it is actually compressed in the engine. 


2. Read the compression load on the gauge. 
3. If the measurement is less than the allowable limit, replace it. 


65 N / 27.0 mm 
Facto,y spec. 6.6 kgf / 27 .0 mm 


Setting load I setting 15 lbr/ 1.06 in. 


length 55 N / 27.0 mm 
Allowable limit 5.6 kgf / 27.0 mm 


12 lbf / 1.06 in. 


9Yl21 0318ENS0096USO 


Oil Clearance between Rocker Arm and Rocker Arm Shaft 


1. Measure the rocker arm shaft 0. D. with an outside micrometer. 
2. Measure the rocker arm 1.0. with an inside micrometer, and 


then calculate the oil clearance. 
3. If the oil clearance exceeds the allowable limit, replace the 


rocker arm and measure the oil clearance again. If it still 
exceeds the allowable limit, replace also the rocker arm shaft. 


Factory spec. 
0.016 to 0.045 mm 


Oil clearance between 0.00063 to 0.0017 in. 
rocker arm and rocker 
arm shaft. Allowable limit 


0.15mm 
0.0059 in 


Rocker arm shaft 0 .0 . Factory spec. 
10.473 to 10,484 mm 
0.41233 to 0.41275 In. 


Rocker arm 1.0. Factory spec. 
10.500 to 10.518 mm 
0.41339 lo 0.41409 in. 


9Y12 1 0318 ENS0097USO 
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3TMABAB1 P062A 


_):o:c 
0 00 0 00 


3EEABAB 1P124A ' .-- r-; r-- ,-


(2) Timing Gear and Camshaft 


ENGINE 


Push Rod Alignment 


1. Place the push rod on V blocks. 
2. Measure the push rod alignment. 
3. If the measurement exceeds the allowable limit, replace the 


push rod. 


Push rod alignment Allowable limit 


Oil Clearance between Ta 


0.25mm 
0.0098 in. 


9Y1210318ENS00980S0 


et Guide Bore 


1. Measure the tappet 0.D. with an outside micrometer. 
2, Measure the 1.0. of the tappet guide bore with a cylinder gauge, 


and calculate the oil clearance. 
3, If the oil clearance exceeds the allowable limit or the tappet is 


damaged, replace the tappet. 


Factory spec. 
0.016 to 0.052 mm 


Oil clearance between 0.00063 to 0.0020 In, 
lappet and tappet guide 


0.10mm bore. Allowable limit 
0.0039 in. 


TappetO.D. Factory spec. 
17.966 to 17.984 mm 
0.70733 to 0.70803 in. 


Tappet guide bore I D. Factory spec. 
18.000 to 18.018 mm 
0.70867 to 0.70937 in. 


9Yl210318ENS0099US0 


Timing Gear Backlash 


1. Set a dial indicator {lever type) With its tip on the gear tooth. 
2. Move the gear to measure the backlash, holding its mating gear. 
3. If the backlash exceeds the allowable limit, check the oil 


clearance of the shafts and the gear. 
4. If the oil clearance is proper, replace the gear. 


Factory spec. 
0.0430 to 0.124 mm 


Backlash between idle 0.00170 to 0.00488 in . 


gear and crank gear 
Allowable limit 


0.15mm 
0.0059 in. 


Factory spec. 
0.0470 lo 0.123 mm 


Backlash between tdle 0.00185 to 0.00484 in. 


gear and cam gear 
Allowable limit 


0.15mm 
0.0059 In. 


Factory spec. 
0.0410 to 0.1 24 mm 


Backlash between idle 0.00162 to 0.00488 in. 
gear and injection pump 


0.15 mm gear Allowable limit 
0.0059 in 


Factory spec. 
0.0410 to 0.123 mm 


Backlash between oil 0.00162 to 0.00484 In. 
pump drlve gear and 


0.15 mm crank gear Allowable limit 
0.0059 In. 


9Yl210318ENS0100CSO 
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3TMABAB 1 P064A 


3EEABAB1P128A 


3EEABAB1P129A 


ENGINE 


Idle Gear Side Clearance 


1. Set a dial indicator with its tip on the idle gear. 
2. Measure the side clearance by moving the idle gear to the front 


and rear. 
3. If the measurement exceeds the allowable limit, replace the idle 


gear collar. 


Factory spec. 
0.20 to 0.51 mm 
0.0079 to 0.020 in. 


Idle gear side clearance 
0.80 mm 


Allowable llm!t 
0.031 in. 


9?1210318ENS 010l0S0 


Camshaft Side Clearance 


1. Set a dial indicator with its tip on the camshaft. 
2. Measure the sfde clearance by moving the cam gear to the front 


and rear. 
3. If the measurement exceeds the allowable limit, replace the 


camshaft stopper. 


Factory spec. 
0.15 to 0.31 mm 
0.0059 to 0.012 in. 


Camshaft side clearance 


Allowable limit 
0.50 mm 
0.020 in. 


9Y1210 318ENS0102USO 


Camshaft Ali nment 


1. Support the camshaft with V blocks on the surface plate at both 
end journals. 


2. Set a dial indicator with its tip on the intermediate journal . 
3. Measure the camshaft alignment. 
4. If the measurement exceeds the allowable limit, replace the 


camshaft. 


Camshaft alignment Allowable limit 
0.01 mm 
0.0004 in. 


9Yl2 10318ENS0103USO 


Cam Hei ht 


1. Measure the height of the cam at its highest point with an 
outside micrometer. 


2. If the measurement is less than the allowable limit, replace the 
camshaft. 


Factory spec. 
26 ,88 mm 


Cam height of intake and 1.058 In. 


exhaust 26.83 mm 
Allowable limfl 


1.056 in. 


9Y l 21031BENS01040S0 
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3TMABAB1 P071A 


3EB 


3TMABAB1 P069A 


(A) (B) 


3EEABAB1P134A 


ENGINE 


Oil Clearance of Camshaft Journal 


1. Measure the camshaft journal 0 .0 . with an outside micrometer. 
2. Measure the cylinder block bore 1.0. for camshaft with a inside 


micrometer, and calculate the oil clearance. 
3. If the clearance exceeds the allowable limit, replace the 


camshaft. 


Factory spec. 
0.050 lo 0.091 mm 


Oil clearance of 0.0020 to 0.0035 In 


camshaft journal 
Allowable limit 


0.15 mm 
0.0059 in. 


Camshaft journal o.o. Factory spec. 
32.934 to 32.950 mm 
1.2967 to 1.2972 in. 


Camshaft bearing I.D. 
Factory spec. 


33.000 to 33.025 mm 
(Cylinder block bore I.D.) 1.2993 to 1.3001 in. 


9Yl210316ENS01DSUSO 


Oil Clearance between Idle Gear Shaft and Idle Gear Bush in 


1. Measure the idle gear shaft 0 .0. with an outside micrometer. 
2. Measure the idle gear bushings 1.0. with an inside micrometer, 


and calculate the oil clearance. 
3. If the oil clearance exceeds the allowable limit, replace the 


bushing. 
4. If it still exceeds the allowable limit, replace the idle gear shaft. 


Factory spec. 
0.020 to 0.084 mm 


Oil clearance between 0.00079 to 0.0033 in. 
idle gear shaft and idle 


0.10 mm gear bushing Allowable limit 
0.0039 in. 


Idle gear shaft O.D. Factory spec. 
19.967 to 19.980 mm 
0.78611 to 0.78661 in. 


Idle gear bushing I.D. Factory spec. 
20.000 to 20.051 mm 
0.78741 to 0.78940 In. 


9Yl210318ENS0 10 6USO 


Replacing Idle Gear Bushing 


(When removing) 
1. Press out the used idle gear bushing using an idle gear bushing 


replacing tool. 
(When installing) 
1. Clean a new idle gear bushing and idle gear bore, and apply 


engine oil to them. 
2 . Press in a new bushing using an idle gear bushing replacing 


tool , until it is flush with the end of the idle gear. 


(A) When Removing 


1-S58 


(B) When Installing 


9Yl210318ENS0107USO 
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(3) Piston and Connecting Rod 


3EEABAB1P138A 


' 


3EEABAB I P140A 


(1) 


(2) 


3GFABAB1 P053A 


~ 


ENGINE 


Piston Pin Bore I.D. 


1. Measure the piston pin bore I.D. in both the horizontal and 
vertical directions with a cylinder gauge. 


2. If the measurement exceeds the allowable limit, replace the 
piston. 


Factory spec, 
20.000 to 20.013 mm 
0.78741 to 0.78791 in. 


Piston pin bore I.D. 
20.05 mm 


Allowable limrt 
0.7894 in. 


9Yl2l0118ENS0108USO 


Oil Clearance between Piston Pin and Small End Bushing 


1. Measure the 0 . D. of the piston pin where it contacts the bushing 
with an outside micrometer. 


2. Measure tt,e small end bushing I.D. with an inside micrometer, 
and calculate the oil clearance. 


3. If the oil clearance exceeds the allowable limit, replace the 
bushing. lfit still exceeds the allowable limit, replace the piston 
pin. 


Factory spec. 
0.012 to 0.038 mm 


Oil clearance between 0.00048 to 0.0014 in. 
piston pin and small end 


0.10 mm bushing Allowable limit 
0.0039 in. 


Piston pin 0 .0 . Factory spec. 
20.002 to 20.013 mm 
0.78748 to 0.78791 In . 


Small end bushing I.D. Factory spec. 
20.025 to 20.040 mm 
0.78839 to 0.78897 in. 


9Yl210318ENS01090SO 


Replacing Small End Bushing 


(When removing) 
1. Press out the used bushing using a small end bushing replacing 


tool. (Refer to "SPECIAL TOOLS".) 
(When installing) 
1. Clean a new small end bushing and bore, and apply engine oil 


to them. 
2. Using a small end bushing replacing tool , press in a new 


bushing (service parts) taking due care to see that the 
connecting rod hole matches the bushing hole. 


[Servicing parts dimension] 


OIi clearance between 
piston pin and small end 
bushing (Spare parts) 


Small end bushing I.D. 
(Spare parts) 


(1) Seam 
(2) Oil Hole 


1-S59 


Factory spec. 


Allowable limit 


Factory spec 


0.013 lo O.D75 mm 
0.00052 to 0.0029 in. 


0.15mm 
0.0059 in. 


20,026 to 20.077 mm 
0.7884"3 to 0.79043 in. 


(A) When Removing 
(B) When Installing 
(a) 0.79 rad (45 ") 
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0 
3EEABAB1P144A 


3EBAAAB1P049A 


3TMABABOP056A 


ENGINE 


Piston Ring Gap 


1. Insert the piston ring into the lower part of the cylinder (the least 
worn out part) with a piston ring compressor and piston. 


2. Measure the ring gap with a feeler gauge. 
3. If the measurement exceeds the allowable limit, replace the 


piston ring . 


Factory 0.15 to 0.35, mm 
spec. 0.0059 to 0.013 In. 


Top ring 
Allowable 1.25 mm 
limit 0.0492 in. 


Factory 0.30 to 0.45 mm 


Second spec. 0.012 to 0.017 in. 
Piston rlng gap 


ring Allowable 1.25 mm 
lfmit 0.0492 In. 


Factory 0.20 to 0.70 mm 
spec. 0.0079 to 0.027 in, 


Oil ring 
Allowable 1.25 mm 
limit 0 .0492 in . 


9Yl210318ENS0111USO 


Clearance between Piston Ring and Piston Ring Groove 


1. Clean the rings and the ring grooves, and install each ring in its 
groove. 


2. Measure the clearance between the ring and· the groove with a 
thickness gauge. 


3. If the clearance exceeds the allowable limit, replace the piston 
ring . 


4. If the clearance still exceeds the allowable limit with new ring, 
replace the piston. 


Factory 0.080 to 0.12 mm 
spec. 0.0032 to 0.0047 in. 


Top ring 
Allowable 0.15 mm 
limit 0.0059 in. 


Factory 0.065 to 0.10 mm 
Clearance between 


Second spec. 0,0026 to 0.0039 in. 
piston ring and piston 


ring Allowable 0.15 mm nng groove 
limit o.oos9 in. 


Factory 0.060 to 0.15 mm 
spec. 0.0024 to 0.0059 in. 


Oil ring 
Allowable 0.20 mm 
limit 0.0079 rn. 


9Yl210316ENSOl12 US0 


Connecting Rod Alignment 


1. Remove the crankpin bearing, and install the connecting rod 
cap. 


2. Install the piston pin in the connecting rod. 
3, Install the connecting rod on the connecting rod alignment tool. 
4. Put a gauge over the piston pin, and move it against the face 


plate. 
5. If the gauge does not fit squarely against the face plate, 


measure the space between the pin of the gauge and the face 
plate. 


6. If the measurement exceeds the allowable limit, replace the 
connecting rod. 


Space between gauge 
pin face plate 


1-S60 


Allowable limit 
0.05mm 
0.002 in. 
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(4) Crankshaft 


3EBAAAB I P0SOA 


0 


3EEABAB1 P147A 


ENGINE 


Crankshaft Side Clearance 


1 . Set a dial indicator with its tip on the end of the crankshaft. 
2. Measure the side clearance by moving the crankshaft to the 


front and rear. 
3. If the measurement exceeds the allowable limit, replace the 


thrust bearings. 
4. If the same size bearing is useless because of the crankshaft 


journal wear, replace it with an oversize one referring to the 
table and figure. 


Factory spec. 
0.15 to 0.31 mm 


Crankshaft side 0.0059 to 0.012 in, 


clearance 0.50 mm 
Allowable limit 


0.020 in. 


(Reference) 
• Oversize thrust bearing 


Oversize Bearing Code Number Marking 


0.2mm Thrust bearing 1 02 15261-23950 020OS 


o.008 in, Thrust bearing 2 02 15261-23970 020 OS 


0.4mm Thrust bearing 1 04 15261-23960 040 OS 


0.02 in. Thrust bearing 2 04 15261-23980 040 OS 


• Oversize dimensions of crankshaft journal 


Oversize 
0.2mm 0.4mm 
0.008 in. 0.02 in. 


Dimension A 
46.1 O to 46.30 mm 46.30 to 46.50 mm 
1.815 to 1.822 In. 1.823 to 1.630 in. 


Dimension B 
23.40 to 23.45 mm 23.60 to 23.65 mm 
0.9213 to 0.9232 in. 0.9292 to 0.9311 in . 


Dimension C 
1.8 to 2.2 mm radius 1.6 to 2.2 mm radius 


0.071 to 0.086 fn . radius 0.071 to 0.086 in. radius 


The crankshaft journal must be fine-finished to higher than Rmax = 0.8S 


9Y l 21031BENS01140SO 


Crankshaft Ali nment 


1. Support the crankshaft with V blocks on the surface plate at 
both end journals. 


2. Set a dial indicator with its tip on the intermediate journal. 
3. Measure the crankshaft alignment. 
4. If the measurement exceeds the allowable limit, replace the 


crankshaft. 


Crankshaft alignment Allowable limit 


1-S61 


0.02mm 
0.0008 in. 
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B 


-3TMABAB1 P074B 


ENGINE 


Oil Clearance between Crankpin and Crankpin Bearing 


1. Clean the crankpin and crankpin bearing. 
2. Put a strip of plastigage on the center of the crankpin . 
3. Install the connecting rod cap and tighten the connecting rod 


screws to the specified torque, and remove the cap again. 
4. Measure the amount of the flattening with the scale, and get the 


oil clearance. 
5. If the oil clearance exceeds the allowable limit, replace the 


crankpin bearing. 
6. If the same size bearing is useless because of the crankpin 


wear, replace it with an undersize one referring to the table and 
figure. 


■ NOTE 
• Never insert the plastigage into the crankpin oil hole. 
• Be sure not to move the crankshaft while the connecting 


rod screws are tightened. 


Factory spec. 
0.020 to 0.051 mm 


Oil clearance between 0.00079 to 0.0020 in. 
crankpln and crankpin 


0.15 mm bearing Allowable limit 
0.0059 in. 


Crankpin O.D. Factory spec. 
33.959 lo 33.975 mm 
1.3370 to 1.3375 In. 


Crankpin bearing I.D. Factory spec. 
33.995 to 34.01 0 mm 
1.3384 lo 1.3389 in. 


(Reference) 
• Undersize crankpin bearing 


Undersize Bearing Code Number Marking 


0.2 mm 
Crankpin bearing 02 15861-22970 020 us 


0.008 in. 


0.4 mm 
Crankpin bearing 04 15861-20980 040 us 0.02 in, 


• Undersize dimensions of crankpin 


Undersize 
0.2mm 0.4mm 
o.ooe in. 0.02 in. 


Dimension A 
2.3 Lo 2.7 mm radius 2.3 to 2.7 mm radius 


0.091 to 0.1 0 In. radius 0.091 to0.10in, radius 


*Dimension B 
1.0 to 1.5 mm reUef 1.0 to 1,5 mm rellef 


0.040 to 0.059 In. relief 0.040 to 0.059 in . relief 


Dimension C 
33.759 to 33.775 mm dia 33.559 to 33.575 mm dia. 
1.3291 to 1.3297 in. dia. 1.3213 to 1.3218 in. dia. 


The crarikpin journal must be fine-finished to higher than Rmax: = 0.8S 
•Holes to be de-burred and edges rounded with 1.0 to 1.5 mm 
(0.040 to 0.059 in.) relief. 
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3TMABAB 1 P078A 


3TMABAB1 P079A 


(A) --


(1) 


3EBAAAB1P051A 


ENGINE 


Oil Clearance between Crankshaft Journal and Crankshaft 
Bearing 1 


1. Measure the O. D, of the crankshaft front journal with an outside 
micrometer. 


2. Measure the I.D. of the crankshaft bearing 1 with an inside 
micrometer, and calculate the oil clearance. 


3. If the oil clearance exceeds the allowable limit, replace the 
crankshaft bearing 1. 


4. If the same size bearing is useless because of the crankshaft. 
journal wear, replace it with an undersize one referring to the 
table and the figure, 


Factory spec. 
0.0340 to 0.106 mm 


011 Clearance between 0.00134 to 0.00417 In. 
crankshaft journal and 


0.20mm cranksha~ bearing 1 Allowable limit 
0.0079 in, 


Crankshan journal O D. Factory spec. 
43.934 to 43.950 mm 
1.7297 to 1'.7303 In. 


Crankshaft bearing 1 I.D. Factory spec. 
43.984 to 44.040 mm 
1.731 7 to 1.7338 In. 


(Reference) 
• Undersize crankshaft bearing 1 


Underslze Bearing Code Number Marking 


0.2mm 
Crankshaft bearing 1 02 1G460-23910 020US 


0.008 in. 


0.4mm 
Crankshaft bearing 1 04 1G460-23920 040 us 


0.02 in . 


• Undersize dimensions of crankshaft journal 


Undersize 
0.2mm 0.4mm 
0.008 In. 0.02 In. 


Dimension A 1.8 to 2.2 mm rad ius 1.8 to 2,2 mm radius 
0.071 to 0.086 in. radius 0,071 to 0.086 In. rMius 


•Dimension B 
1 .0 to 1.5 mm relief 1.0 to 1.5 rnm relief 


0.040 to 0.059 in, relief 0.040 to 0.059 in. relief 


Dimension C 
43.734 to 43.750 mm dla 43.534 to 43.550 mm dia. 
1,7219 lo 1.7224 in, dia. 1.7140 to 17145 in. dia. 


The crank.shaft journal must be fine-finished to higher than Rmax"' 0.8S 
'Holes to be de-burred and edges rounded with 1.0 to 1 .5 mm 
(0.040 to 0.059 in .) relief. 


9Yl210318ENS0117USO 


Replacing Crankshaft Bearing 1 


(When removing) 
1. Press out the used crankshaft bearing 1 using a crankshaft 


bearing 1 replacing tool. 
(When installing) 
1. Clean a new crankshaft bearing 1 and crankshaft journal bore, 


and apply engine oil to them. 
2. Using a crankshaft bearing 1 replacing tool , press in a new 


bearing 1 (2) so that its seam (1) directs toward the exhaust 
manifold side. (See figure.) 


Dimension (A) 


(1) Seam 
(2) Crankshaft Bearing 1 
(3) Cylinder Block 


i-S63 


Factory spec. 
Oto 0.3 mm 
Oto 0.01 In. 


(A) Dimension 
(a) 0.37 rad (21 ") 
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3EEABAB1P152A 


ENGINE 


Oil Clearance between Crankshaft Journal and Crankshaft 
Bearing 2 (Crankshaft Bearing 3) 


1. Put a strip of plastigage on the center of the journal. 
2. Install the bearing case and tighten the bearing case screws 1 


to the specified torque, and remove the bearing case again. 
3. Measure the amount of the flattening with the scale, and get the 


oil clearance. 
4. If the oil clearance exceeds the allowable limit, replace the 


crankshaft bearing 2 (crankshaft bearing 3). 
5. If the same size bearing is useless because of the crankshaft 


journal wear, replace it with an undersize one referring to the 
table and figure. 


■ NOTE 
• ·ae sure not to move the crankshaft while the bearing case 


screws are tightened. 


Oil clearance between Factory spec. 
0.028 to 0.059 mm 


crankshaft journal and 0.0011 to 0.0023 ln. 


crankshaft bearing 2 
Allowable limit 


0.20 mm 
(crankshaft bearing 3) 0.0079 in. 


-


Crankshaft journal O.D, 
Factory spec. 


43 .934 to 43.950 mm 
(Flywheel side) 1.7297 to 1.7303 in. 


Crankshaft bearing 2 I.D. Factory spec. 
43.978 to 43.993 mm 
1.7315 to 1.7320 in. 


Crankshaft journal O.D. 
Factory spec. 


43.934 to 43.950 mm 
(Intermediate) 1.7297 to 1.7303 in. 


Crankshaft bearing 3 I.D. Factory spec. 
43.978 to 43.993 mm 
1.7315 to 1.7320 in 


(Reference) 
• Undersize crankshaft bearing 2 and 3 


Undersize Bearing Code Number Marking 


Crankshaft bearing 2 02 15694-23930 
020 us 


0.2mm Crankshaft bearing 2F 02 1 G460-07530 


o.oos in. Crankshaft bear1ng 3 02 1G460-075B0 
020 us 


Crankshaft bearing 3F 02 1 G460-07630 


Crankshaft. bearing 2 04 15694-23940 
040US 


0.4 mm Crankshaft bearing 2F 04 1 G460-07540 


0,02 1n. Crankshaft bearing 3 04 1G460-07590 
- 040 us 


Crankshaft bearing 3F 04 1 G460-07640 


• Undersize dimensions of crankshaft journal 


Undersize 0.2mm 0.4mm 
0.008 in. 0.02 In. 


Dimension A 
1.8 lo 2.2 mm radius 1.8 to 2.2 mm radius 


0.071 to 0.086 in. radius 0.071 lo 0.086 in. radius 


'Dimension B 
1.0 to t .5 mm relief 1.0 to1.5 mm relief 


0.040 to 0.059 In. relief 0.040 to 0.059 in. relief 


Dimension C 
43.734 to 43.750 mm dia. 43,534 to 43.550 mm dla . 
1.7219 to 1.7224 in. dia. 1 7140 to 1.7145 in. dia. 


The crankshaft Journal must be fine-finished to higher than Rmax = 0.8S 
*Holes 10 be de-burred and edges rounded with 1.0 to 1 .5 mm 
(0.040 to 0.059 in.) relief. 
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(5) Cylinder 
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3EEABAB1P156A 


ENGINE 


Cylinder Wear 


1. Measure the I.D. of the cylinder at the six positions (see figure) 
with a cylinder gauge to find the maximum and minimum I. D. 's. 


2. Get the difference (Maximum wear) between the maximum and 
the minimum I.D.'s. 


F aclory spec. 
74.500 to 74.519 mm 
2.9331 to 2.9338 In. 


Cylinder I.D. 
74 .669 mm 


Allowable limit 2.9397 in. 


(A) Top (al Right-Angled to Piston Pin 
(B) Middle (b) Piston Pin Direction 
(Cl Bo"om (Sk;irt) 


9Yl 2l03l8&NS01200SO 


Correcting Cylinder (Oversize) 


1. When the cylinder is worn beyond the allowable limit, bore and 
hone it to the specified dimension. 


Factory spec. 
75.000 to 75.019 mm 
2.9528 lo 2.9535 in . 


Cylinder liner 1.0 , 
75,150 mm 


Allowable limit 
2.9587 in. 


Hone to 2.2 to 3.0 1,1mRz 
Finishing 


(0.000087 to 0.00011 In.Rt) 


2. Replace the piston and piston rings with oversize ones. 
Oversize : 0.5 mm (0.02 in.) 
Marking : 05 


■ NOTE: 
• When the oversize cylinder is worn beyond the allowable 


limit, replace the cylinder block with a new one. 


(1 ) Cylinder I.D. (Before Correction) (2) Cylinder 1.0 . (Oversize) 


9Y1210318ENS01210SO 
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(6) Oil Pump 


3TAAAAD1 P078A 


3TAAMD1P051A 


ENGINE 


Rotor Lobe Clearance 


1. Measure the clearance between lobes of the inner rotor and the 
outer rotor with a thickness gauge. 


2. If the clearance exceeds the factory specifications, replace the 
oil pump rotor assembly. 


Rotor lobe clearance Factory spec. 
0.030 to 0.14 mm 
0.001210 0.0055 in . 


9Yl2 10318ENS0122USO 


Clearance between Outer Rotor and Pump Body 


1. Measure the clearance between the outer rotor and the pump 
body with a thickness gauge. 


2. If the clearance exceeds the factory specifications, replace the 
oil pump rotor assembly. 


Clearance between outer 
rotor and pump body 


Factory spec. 


Clearance between Rotor and Cover 


0.070 to 0,15 mm 
0.0028 to 0.0059 rn. 


9Yl2 1031BENS01230S0 


1. Put a strip of plastigage onto the rotor face with grease. 
2. Install the cover and tighten the screws. 
3. Remove the cover carefully, and measure the amount of the 


flattening with the scale and get the clearance. 
4. If the clearance exceeds the factory specifications, replace oil 


pump rotor assembly. 


Clearance between rotor 
and cover 


1-S66 


Factory spec. 
0.0750 to 0.135 mm 
0.00296 to 0.00531 in. 


9Yl210318ENS01240S0 
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(7) Starter 


3EEABAB 1P188A 


3EEABAB 1P182A 


3EEABAB1P183A 


(1) (2) 


3EEABAB 1 Pl 84A 


3TAAAAB9P037 A 


ENGINE 


Overrunning Clutch 


1. Inspect the pinion for wear or damage. 
2. If there is any defect, replace the overrunning clutch assembly. 
3. Check that the pinion turns freely and smoothly in the 


overrunning direction and does not slip in the cranking direction. 
4. If the pinion slips or does not rotate in the both directions, 


replace the overrunning clutch assembly. 
9Yl210318ENS01250S0 


Commutator and Mica 


1. Check the contact face of the commutator for wear, and grind 
the commutator with emery paper if it is slightly worn. 


2. Measure the commutator O.D. with an outside micrometer at 
several points. 


3. If the minimum 0 .0 . is less than the allowable limit, replace the 
armature. 


4. If the difference of the O.D.'s exceeds the allowable limit, correct 
the commutator on a lathe to the factory specification, 


5. Measure the mica undercut. 
6. If the undercut is less than the allowable limit, correct if with a 


saw blade and chamfer the segment edges. 


Commutator O.D. 


Difference of O.O.'s 


Mica under cut 


(1) Segment 
(2) Undercut 
(3) Mica 


Brush Wear 


Factory spec. 


Allowable limit 


Factory spec. 


Allowable limit 


Factory spec. 


Allowable llmit 


(a) Good 
(b) Bad 


28.0 mm 
1.10 in. 


27.0 mm 
1 .06 in. 


Less than 
0.05 mm 
0,002 in, 


0.4mm 
0.02 In . 


0-45 to 0.75 mm 
0.018 to 0.029 in . 


0.2mm 
0.008 in. 


9Yl210318ENS0126U~O 


1. If the contact face of the brush is dirty or dusty, clean it with 
emery paper. 


2. Measure the brush length (A) with vernier calipers. 
3. If the length is less· than the allowable limit, replace the yoke 


assembly and brush holder. 


Factory spec. 
14.0 mm 
0.551 in. 


Brush length (A) 


Allowable limit 
11 .1 mm 
0.437 in. 


(A) Brush Length 


9Y1210318ENS01210S0 


1-S67 
KiSC issued 06, 2009 A 







Page 150 of 153


WG972-E2 ,DF972-E2,DG972-E2 . WSM 


3EEABAB 1P189A 


3EEABAB1P186A 


3EEABAB1P190A 


(3) 


3EEABAB1P191 A 


ENGINE 


Brush Holder 


1. Check the continuity across the brush holder and the holder 
support with an ohmmeter. 


2. If it conducts, replace the brush holder. 
9Y12103188NS012BUSO 


Armature Coil 


1. Check the continuity across the commutator and armature coil 
core with an ohmmeter. 


2. If it conducts, replace the armature. 
3. Check the continuity across the segrnents of the commutator 


with an ohmmeter. 
4. If it does not conduct, replace the armature. 


9Y12103 18ENS01 29USO 


Field Coil 


1. Check the continuity across the lead (1) and brush (2) with an 
ohmmeter. 


2. If it does not conduct, replace the yoke assembly. 
3. Check the continuity across the brush (2) and yoke (3) with an 


ohmmeter. 
4. If it conducts, replace the yoke assembly. 


(1) Lead (3) Yoke 
(2) Brush 


9Yl210318ENS0130US0 
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(8) Alternator 


3EEABAB1P192A 


3EEABAB 1 P 195A 


ENGINE 


Bearing 
1. Check. the bearing for smooth rotation. 
2. If it does not rotate smoothly, replace it. 


9Yl210318ENS0131USO 


Stator 


1. Measure the resistance across each lead of the stator coil with 
resistance range of circuit tester. 


2. If the measurement is not within factory specification, replace it. 
3. Check the continuity across each stator coil lead and core with 


resistance range of circuit tester. 
4. If infinity is not indicated, replace it. 


j Resistance I Factory spec. I Less than 1.0 n 
9Y1210318ENS0132 □S0 


Rotor 


1 . Measure the resistance across the slip rings. 
2. If the resistance is not the factory specification, replace it. 
3. Check the continuity across the slip ring and core with 


resistance range of circuit tester. 
4. If infinity is not indicated, replace it. 


[ Resistance j Factory spec. 12 .90 


9Y1210318ENS0133USO 


Slip Ring 


1. Check the slip ring for score. 
2. If scored, correct with an emery paper or on a lathe. 
3. Measure the O.D. of slip ring with vernier calipers. 
4. If the measurement is less than the allowable limit, replace it. 


Factory spec. 
14.4 mm 
0.567 in. 


Slip ring O.D. 
14.0 mm 


Allowable limit 
0.551 in. 


9Yl210318E:NS0134USO 


Brush Wear 


1. Measure the brush length with vernier calipers. 
2. If the measurement is less than allowable limit, replace it. 
3. Make sure that the brush moves smoothly. 
4. If the brush is defective, replace it. 


Factory spec. 
10.5 mm 
0.413 in. 


Brush length 
8.4mm 


Allowable llmil 
0.33 1n. 


9Yl210318~NS01350S0 
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3EEABAB1P197A 


3EEABAB1 P198A 


3TMABAB9P029B 


ENGINE 


Rectifier 


1. Check the continuity across each diode of rectifier with 
-resistance range of circuit tester. 


2. The rectifier is normal if the diode ih the rectifier conducts in one 
direction and does not conduct in the reverse direction, 


9Y12103 18ENS0136USO 


IC Regulator 


1. Check the continuity across the B terminal (2) and the F 
terminal ( 1) of IC regulator with resistance range of circuit tester. 


2. The IC regulator is normal If the conducts in one direction and 
does not conduct in the reverse direction. 


(1) F Terminal 


1-S70 


(2) B Terminal 
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(57) ABSTRACT 


An engine operated generator is provided with an engine, a 
generator driven by the engine, and a power control unit for 
controlling the power generated by the generator. A fuel gas 
stored in fuel bottles set in a case for the engine operated 
generator, is supplied to the engine though a fuel pressure 
regulator. The fuel bottles and the fuel pressure regulator are 
disposed adjacent to the power control unit to enable heat 
exchange with the power control unit provided with an 
inverter. Thus, heat is mutually utilized between the power 
control unit and at least one of the fuel bottles as fuel 
receptacles and the fuel pressure regulator. 


t.(Cl 


37a 
66c 
(66) 


Upper 


Left 


* 
Front 


Back 


Right 


Lower 


B(C) 







Page 2 of 23


Patent Application Publication Jun. 21, 2007 Sheet 1 of 10 


ro 
LL . I 


_£) 


LL 
\ . . 


U) __l 
1·· -~---+-+--- - • ··7 


I ,- ----
1 I 


_J I : 


N 
r--


-~J -t---- -----------, 


. 


: I : 
,' I \ 


m 
If) If) lD 
00 coco 


--- ---, 
I 


L ____ lt--· -'---


~~~~ L-~- ·--~~-----~-]-


. co 
---G-~ ~- ---~ 


co M 
--~('") . 


~~~; ~ • 


r--~ 
--, (Y) .D 


I r--
7 . CV) 
I L----------------
L ___ --- - - - - ---;>iE::Slf--iE'--'7f-


-N 
--..t· 


u r-­
C") 


ro 
0) 
C") 


L_ 
/'O 


co 
C") 


I 


US 2007/0137591 Al 


t.n 


-4 _J 


--..t 
..-'-


N 
lD 


·11 







Page 3 of 23


Patent Application Publication Jun. 21, 2007 Sheet 2 of 10 US 2007/0137591 Al 


1 FIG. 2 


\ 
t. ( C) 


7(C) 


\ 
17 


t.7 


37a 


Left 


Back 


Upper 


* Lower 


16 


10 


k---5(C) 


65 
11~-fll---60 


l--ll-lla -,;-:i~~~::----IR=l:4--- 6L. 


Ba 
8(Cl 


Front 


Right 







Page 4 of 23


I6b 
I6b 
16b 
C5 
18. 
23 
18 


1l. 


62 


~ I 18C 


FIG. 3 


---------. 6a , ' • ., 
j •


1 


- - - - - -~~-, I 1' ,L---- I I 
, ' t I I ·-~.:--~- f;,·· ) 


--+----., ,._., j ,:.:::; ,.. -
.-:.·.·:~ 
,.._._.,-' 


·~·;-~ 
,:. c..J 


"30 CJ 
------, C'.., 


/------ ) ~:;, 
I r•• 


' ' / I r 
<' : )\ 
----- 3,6" '\,@ 


,._l-{ \ 38 


39a 


L--""7 ' 


r1, I I 
I I 
I I 
1 I 


-- ' ---r-r- ~ t 
I 


L.O L.Oa 


1.5 \\ ~ 
\ 


\ 
\ 


------..---------


32 


\_,C 3 '-- 3(C) 


I 
L~ I 


I 
I 


© 


"-= 
~ ..... 
('D 


= ..... 


t 
"e -.... (') 


~ ..... .... 
7b 0 = 7b1 "-= 6a = 
7b2 


O" -.... 
29 


(') 


~ ..... .... 
21. 0 = 


~ 


21.a = ? 
38c N 


--21 
.... 
~ 


,i--- N 


~~20 0 
0 


~/;C6 
-...J 


"1/6(CJ rJJ =-('D 
('D ..... 
(,H 


0 
38b .... .... 


·- 31 0 


11 
c 
rJJ 
N 
0 
0 


~1 
-...J --0 .... 
(,H 
-...J 
Ul 
1,0 .... 
> .... 







Page 5 of 23


""O 
~ ..... 
('D 


= ..... 


FIG. 4 t 
"e -.... 


67 • 69b(66) 61 65 8 37a 1 Lateral (') 


CB 37 1 ~ 


direction Q; 


I I 0 = 
""O ----,-, = 


, d ....._. f : / I 


- C6d 
O" ----- f A l /.--- I = ~ .... ~, .... 
(') 


~ 


;1~. ~70 68.w68 ~~· 
..... .... 
0 


3q • }~a \ ~- _68a = 
2' 


28 ---R____JL_ ~~ ~1;l "'' • I),'\'\ )~ I I: u ,~ t:l ? 
-- N 


29 .... 
~ 


..--_-:,,- H ii, __ - .ILff / I Pr¥ H,,l=,'~LII I n-n I! ~ Ii 11 N 


- - _jm 
0 
0 
-...J 


16b4 11~6~} 1 db~ rH ~ IT~~ rrk, I I l I: I di -t-11
b (16) : 17r.1 (17) 


rJJ 
47a =-('D 


('D ..... 


..,.._Sal ~·r···iL~49 
.i;.,, 


~'flt 0 ' 11b .... 
( h /· . _ 11 


.... 
I 


0 ,..-.... 
' ( 


sc--l~ \ \ i 
62 I I \ I \ \ ) ( 4 


)~C6c c 
1 I 1 


rJJ 
: N 


23a 23b 41 41:b 9 46a 51 7 48 C7 47 24b 24a 
0 
0 


~ ---v--· -...J --
23 24 


0 .... 
~ 
-...J 
Ul 
1,0 .... 
> .... 







Page 6 of 23


Patent Application Publication Jun. 21, 2007 Sheet 5 of 10 US 2007/0137591 Al 
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FIG. 7 


.Fuel system selector valve 


First position Cutoff position Second position 


Fuel bottle External fuel 
Fuel supply 


(Butane gas) Cutoff system 
(Propane gas) 


Ignition 
Operative Inoperative Operative 


(Kill switch is (Kill switch is (Kill switch is system 
open) closed) open} 


Operative Inoperative Inoperative 
Heating dev;i.ce (Heater switch (Heater switch (Heater switch 


is closed) is open) is open) 
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ENGINE OPERATED GENERATOR 


TECHNICAL FIELD 


[0001] The present invention relates to an engine operated 
generator having an engine to which is supplied a fuel gas 
stored in fuel receptacles in liquefied state, and an electric 
generator driven by the engine. 


BACKGROUND ART 


[0002] Engine operated generators are widely used as an 
electric source such as a temporary outdoor electric source 
and an emergency power supply. In case such engine oper­
ated generators are leisure or emergency equipment, a gas 
engine is often provided which uses fuel gas stored a small 
fuel receptacle, such as cassette fuel bottle. 


[0003] The fuel gas is stored in the fuel receptacle in 
liquefied state and supplied to the gas engine in gasified 
state. When the operation of the gas engine is started and the 
fuel gas is supplied to the gas engine, the fuel gas stored in 
the fuel receptacle in liquefied state begins to be gasified 
under influence of reduction in the gas pressure to maintain 
the equilibrium between the liquid phase and the gas phase 
in the receptacle. For this reason, a large amount of latent 
heat of evaporation is needed, which reduces the tempera­
ture of the fuel receptacle. A fuel pressure regulator provided 
for regulating the pressure of the fuel gas is also caused to 
be reduced in temperature due to inflow of reduced-tem­
perature fuel gas immediately after the gasification thereof 
and due to pressure reduction of the fuel gas itself. 


[0004] If the temperature of the fuel receptacle is reduced 
excessively, gasification of the fuel gas becomes insufficient, 
so that the fuel gas pressure is reduced with a result that the 
fuel gas will not be supplied smoothly to the gas engine. As 
a measure to prevent this, it is known to heat the fuel 
receptacle by a heater in response to the temperature of the 
fuel gas receptacle and the gas pressure within the receptacle 
(For example, refer to Patent Documents 1 and 2). 


[0005] On the other hand, a power control unit provided in 
the engine operated generator to control electric power 
generated by the electric generator, produces a large amount 
of heat due to its operation. A number of measures to cool 
the power control unit were known. Patent Document 3 
discloses an engine operated generator having a sound proof 
case which encloses an engine, a generator and a control 
circuit unit (corresponding to the power control unit), 
wherein a box encasing the control circuit unit is provided 
with heat dissipating fins which are exposed to a cooling air 
inlet and are in contact with an end wall of the cooling air 
inlet. 


[0006] Patent Document 1: JP 10-131810 A 


[0007] Patent Document 2: JP 2671015 B 


[0008] Patent Document 3: JP U 63-171632 A 


DISCLOSURE OF THE INVENTION cl 
Underlying Problem to be Solved by the Invention 


[0009] The above-mentioned measure to heat the fuel 
receptacle by the heater has a problem in the manner of how 
the heater is provided and the manner to heat the receptacle, 
including how control of the heater is carried out without 
complication. Further, the cooling of the power control unit 


1 
Jun. 21, 2007 


by cooling air involves a problem in that there are restriction 
to the arrangement of the power control unit and its asso­
ciated parts and complication in the structure. 


[0010] The present invention has been made in view of the 
foregoing circumstances and of the fact that the fuel recep­
tacle storing the fuel gas in liquefied state undergoes tem­
perature reduction while the power control unit undergoes 
temperature rise. The principal purpose of the present inven­
tion is to mutually utilize heat between the power control 
unit and at least one of the fuel receptacle and the fuel 
pressure regulator. Other objects of the present invention are 
to make it possible to effectively carry out the cooling of the 
power control unit by the fuel receptacle and the heating of 
the fuel receptacle by the power control unit, and to increase 
the freedom of arrangement of the fuel receptacle and the 
power control unit. Further objects of the present invention 
are to further increase the effect of cooling the power control 
unit by one of the fuel receptacle and the fuel pressure 
regulator and the effect of heating at least one of the fuel 
receptacle and the fuel pressure regulator by the power 
control unit, to increase the effect of cooling the power 
control unit, the generator and the engine, to cool an inverter 
of the power control unit that has a large switching loss and 
a large amount of generated heat, and to heat at least one of 
the fuel receptacle and the fuel pressure regulator utilizing 
the heat from the inverter. 


MEANS TO SOLVE THE UNDERLYING 
PROBLEM 


[0011] To attain the above objects, the present invention 
provides an engine operated generator comprising a fuel 
receptacle storing a fuel gas in liquefied state, an engine that 
receives the fuel gas from the fuel receptacle, a fuel pressure 
regulator for regulating pressure of the fuel gas supplied 
from the fuel receptacle to the engine, a generator driven by 
the engine, and a power control unit for controlling power 
generated by the generator, wherein at least one of the fuel 
receptacle and the fuel pressure regulator is arranged adja­
cent to the power control unit, for heat exchange with the 
power control unit. 


[0012] According to the invention, at least one of the fuel 
receptacle and the fuel pressure regulator, which are reduced 
in temperature due to gasification of the fuel during the 
operation of the engine operated generator, is arranged 
adjacent to the power control unit in heat exchange relation 
with the power control unit. As a result, heat dissipation 
from the power control unit can be increased, in other words, 
cooling of the power control unit is promoted by at least one 
of the fuel receptacle and the fuel pressure regulator, 
whereby temperature rise of the power control unit is 
suppressed. On the other hand, at least one of the fuel 
receptacle and the fuel pressure regulator is heated by the 
power control unit, whereby temperature drop of the fuel 
receptacle and the fuel pressure regulator is suppressed. 


[0013] The engine operated generator according to the 
present invention may be provided with a fuel storage 
chamber for storing the fuel receptacle, the fuel storage 
chamber having a side wall and heat transfer means made of 
a heat conducting material, the fuel receptacle and the side 
wall being thermally connected via the heat transfer means, 
the side wall being disposed adjacent to the power control 
unit to enable heat exchange with the power control unit. 
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[0014] According to this feature, heat transfer from the 
power control unit to the fuel receptacle and heat dissipation 
from the power control unit are carried out through the side 
wall to which heat from the fuel receptacle is transmitted. 
Therefore, restriction to the arrangement of the fuel recep­
tacle and the power control unit is almost eliminated for 
realizing heat exchange between the fuel receptacle and the 
power control unit. The quantity of heat transferred between 
the fuel receptacle and the power control unit can be 
increased by increasing the area of the side wall and by 
disposing the side wall as close as possible to the power 
control unit. It will thus be apparent that mutual utilization 
of heat between the fuel receptacle and the power control 
unit can be realized. 


[0015] Preferably, the heat transfer means comprises a 
plurality of colunmar members provided between the fuel 
receptacle and the side wall of the fuel storage chamber to 
be in contact with the fuel receptacle and the side wall. 


[0016] According to the present invention, at least one of 
the fuel receptacle and the fuel pressure regulator may be in 
direct thermal connection with the power control unit via 
heat transfer means made of a material of high heat con­
ductivity. 


[0017] According to this feature, mutual utilization of heat 
between the power control unit and at least one of the fuel 
receptacle and the fuel pressure regulator is increased since 
heat transfer is made via the heat transfer means. 


[0018] The power control unit typically has an inverter. 


[0019] The inverter has a large switching loss and gener­
ates a large amount of heat, so that it is heated. The heated 
inverter is thus cooled effectively by at least one of the fuel 
receptacle and the fuel pressure regulator, and is prevented 
from temperature rise, while at least one of the fuel recep­
tacle and the fuel pressure regulator is heated effectively by 
the heated inverter, whereby temperature drop of them is 
suppressed. 


[0020] Preferably, the engine operated generator com­
prises a case forming an internal space for accommodating 
the fuel receptacle, the engine and the generator; and a 
cooling air passage for conducting cooling air from the 
internal space through the fuel receptacle, the power control 
unit in this order, to the generator and the engine to cool the 
same. 


[0021] According to this feature, cooling air introduced 
into the internal space of the case is cooled by the fuel 
receptacle to be reduced in temperature. The cooled cooling 
air then first cools the power control unit and then cools the 
generator and the engine. The power control unit is more 
cooled by the mutual utilization of heat between itself and at 
least one of the fuel receptacle and the fuel pressure regu­
lator, than a case without the mutual utilization of heat. As 
a consequence, the temperature of the cooling air after 
cooling the power control unit is made lower than in the case 
without the mutual utilization of heat. 


[0022] Preferably, the fuel pressure regulator and the 
power control unit are disposed on a side opposite the fuel 
storage chamber with respect to the side wall, and the power 
control unit is disposed below the fuel pressure regulator. 


[0023] Further, the case may have a side wall having an 
upper edge along which a cooling air inlet passage is 
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provided, and the fuel pressure regulator may be provided 
immediately downstream of the cooling air inlet passage. 


EFFECT OF THE INVENTION 


[0024] The present invention provides the following 
advantages. Since heat is utilized mutually between the 
power control unit and at least one of the fuel receptacle and 
the fuel pressure regulator, temperature rise of the power 
control unit is suppressed and therefore heat dissipating 
structure for the power control unit can be in small size. 
Furthermore, since temperature rise of at least one of the fuel 
receptacle and the fuel pressure regulator is suppressed, it is 
not required to provide a heating device for heating the fuel 
receptacle or the fuel pressure regulator. Even if a heating 
device is provided, the heating capacity of the heating device 
can be made small, which means that free choice of the 
heating device is assured. Thus, in case the heating device is 
an electric heater, the power consumption of the electric 
heater can be reduced. 


[0025] According to the preferred embodiment of the 
invention, the following advantages are obtained in addition 
to the above-stated advantages. Since heat is mutually 
utilized through the side wall between the fuel receptacle 
and the power control unit, the degree of freedom of 
arrangement of the fuel receptacle and the power control 
unit is increased, and the degree of mutual utilization of heat 
between the fuel receptacle and the power control unit is 
made high, whereby the cooling of the power control unit by 
the fuel receptacle and the heating of the fuel receptacle by 
the power control unit can be realized with an increased 
effectiveness. 


[0026] A further advantage below is obtainable by the 
embodiment of the invention. Since the degree of mutual 
utilization of heat between the power control unit and at least 
one of the fuel receptacle and the fuel pressure regulator is 
increased, one of the cooling effect on the power control unit 
by at least one of the fuel receptacle and the fuel pressure 
regulator and the heating effect on at least one of the fuel 
receptacle and the fuel pressure regulator by the power 
control unit is further improved. 


[0027] A further advantage below is obtainable by the 
embodiment of the invention. The power control unit can be 
cooled effectively by the cooling air which has been cooled, 
so that the generator and the engine can also be cooled with 
increased effectiveness. 


[0028] A further advantage below is obtainable by the 
embodiment of the invention. The inverter generating a large 
amount of heat is cooled effectively, while at least one of the 
fuel receptacle and the fuel pressure regulator is heated 
effectively. 


BRIEF DESCRIPTION OF THE DRAWINGS 


[0029] FIG. 1 is a diagrammatic view of an engine gen­
erator in a first embodiment of the present invention; 


[0030] FIG. 2 is a perspective view of the engine generator 
shown in FIG. 1; 


[0031] FIG. 3 is a sectional side elevation of the engine 
generator shown in FIG. 2 taken from the left side of the 
engine generator with its left side cover removed, in which 
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a front cover, a back cover and a top cover are shown in a 
sectional view taken on the line III-II in FIG. 4; 


[0032] FIG. 4 is a plan view of the engine generator shown 
in FIG. 2, in which the top cover is removed; 


[0033] FIG. 5 is a front elevation of the engine generator 
shown in FIG. 2; 


[0034] FIG. 6 is a circuit diagram of electrical circuits for 
controlling a fuel valve and a heating device included in the 
engine generator shown in FIG. 2; 


[0035] FIG. 7 is a table of assistance in explaining the 
relation of the operating position of the fuel valve with a fuel 
supply system and an ignition system in the engine generator 
shown in FIG. 2; 


[0036] FIG. 8 is a sectional side elevation, similar to FIG. 
3, of an engine generator in a second embodiment of the 
present invention; 


[0037] FIG. 9 is a plan view, similar to FIG. 4, of the 
engine generator shown in FIG. 8; and 


[0038] FIG. 10 is a sectional view of a part of an engine 
generator in a third embodiment of the present invention. 


DESCRIPTION OF THE REFERENCE 
NUMERALS 


[0039] 1 ... Engine generator, 3 ... Bottom cover, 4 .. 
. Top cover, 5 ... Front cover, 6 ... Back cover, 7 ... Left 
side cover, 8 ... Right side cover, 9 ... Internal space, 12 
. . . Fuel system selector valve, 16, 17, 90 ... Carrying 
handle, 18, 19, 92 ... Inlet passage, 20 ... Outlet, 23, 24, 
91 ... Depressed part, 28, 29, 93 ... Hand spaces, 30 ... 
Engine, 40 ... Generator, 41 ... Power control unit, 42 .. 
. Ignition plug, 44 ... Ignition coil, 45 ... Cooling fan, 46 
... Recoil starter, 47 ... Shroud, 48 ... Fan cover, 49 .. 
. Starter cover, 50,51 ... Inlet, 60 ... Fuel storage structure, 
61 ... Fuel bottle, 62 ... Fuel pressure regulator, 63 ... Fuel 
cutoff valve, 65 ... Fuel storage chamber, 66 ... Side wall, 
68 ... Fuel bottle detector, 70 ... Heat transfer member, 71 
... External fuel bottle, 73 ... Pressure sensor, 74 ... Kill 
switch, 75 ... Main switch, 80 ... Heating device, 89 ... 
ECU, C ... Case, Fa ... Fuel supply system. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


[0040] Preferred embodiments of the present invention 
will be described with reference to FIGS. 1 to 10. 


[0041] FIGS. 1 to 7 show a first embodiment of the present 
invention. Referring to FIG. 1, a portable engine generator 
1 to which the present invention is applied can be connected 
to an external fuel system Fb. 


[0042] Referring to FIGS. 2 and 3, the engine generator 1 
includes a box-shaped case C in the form of a rectangular 
body, a pair of carrying handles 16 and 17 combined with the 
case C, a combustion engine 30, such as a gas engine, a fuel 
supply system Fa for supplying a fuel gas to the engine 30, 
an electric generator 40, namely, a working machine, to be 
driven for operation by the engine 30, a power control unit 
41 for controlling power generated by the generator 40, and 
an electronic control unit (ECU) 89 for controlling the 
engine 30 and the fuel supply system Fa. The engine 30, the 
fuel supply system Fa, the generator 40, the power control 
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unit 41 and the ECU 89 are housed in the case C having an 
internal space 9. The case C is a soundproof structure 
capable of suppressing the leakage of noise generated by the 
engine 30 during operation to the outside the case C. 


[0043] An expression "grip the carrying handles 16 and 
17" used in this specification signifies both gripping the 
carrying handles 16 and 17 and putting hands on the carrying 
handles 16 and 17. 


[0044] Referring to FIGS. 2 to 5, the case Chas a bottom 
cover 3, a top cover 4, a front cover 5, a back cover 6, a left 
side cover 7 and a right side cover 8. The bottom cover 3 and 
the top cover are vertically opposed to each other. The front 
cover 5 and the back cover 6 are longitudinal opposed to 
each other with respect to a first direction. The left side cover 
7 and the right side cover 8 are laterally opposed to each 
other with respect to a second direction. The covers 3 to 8 
are made of a synthetic resin. 


[0045] In this embodiment, the first direction is a longi­
tudinal direction and the second direction is a lateral direc­
tion. Opposite sides with respect to the first direction are 
front and back sides. Opposite sides with respect to the 
second direction are right and left sides. 


[0046] The bottom, the top, the front, the back, the left and 
the right surfaces of the case C are the respective outer 
surfaces of a bottom part C3 namely, the bottom cover 3, a 
top part C4, namely, the top cover 4, a front part CS, namely, 
the front cover 5, a back part C6, namely, the back cover 6, 
a left part C7, namely, the left side cover 7, and a right part 
CS, namely, the right side cover 8, respectively . 


[0047] The front cover 5 and the back cover 6 are fastened 
to reinforcing panels 10 and 11 made of a metal and disposed 
on the inner sides of the front cover 5 and the back cover 6, 
respectively. The reinforcing panels 10 and 11 are connected 
to the bottom cover 3. The left side cover 7 is connected to 
the reinforcing panels 10 and 11. The right side cover 8 can 
be opened. A lower end part Sb of the right cover 8 is 
pivotally connected to the bottom cover 3 so that the right 
cover 8 can be turned. An upper end part Sa of the right 
cover 8 can be fastened to the top cover 4 by fastening 
means, not shown. As shown in FIG. 3, the reinforcing 
panels 10 and 11 are provided with openings, and respective 
inward depressed parts 23 and 24 extend into the interior of 
the case C through the openings of the reinforcing panels 10 
and 11, respectively. Terms "inward" and "outward" are 
used to specify directions into and out of the case C, 
respectively. 


[0048] Referring to FIGS. 3 and 5, arranged on an oper­
ating panel Se formed on the front cover 5 are an output 
receptacle 13, a pipe connector 14 to which a fuel pipe 
connected to an external fuel bottle 71 shown in FIG. 1 is 
connected, and pilot lamps 15a, 15b and 15c. 


[0049] Referring to FIGS. 2 to 5, an upper end part Sa of 
the front cover 5 and the first carrying handle 16 define a 
cooling air passage 18. Fresh air, namely, cooling air, flows 
through the cooling air passage 18 into the internal space 9 
of the case C while the engine 30 is in operation. The back 
cover 6 opposed to the front cover 5 with respect to the 
engine 30 and the power control unit 41 is provided with a 
cooling air outlet 20 and an exhaust opening 21. The cooling 
air used for cooling the engine 30 and the power control unit 
41 is discharged to the outside of the case C through the 
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cooling air outlet 20. Exhaust gas discharged from the 
engine 30 is discharged to the outside through the exhaust 
opening 21. 


[0050] The first carrying handle 16 and the second carry­
ing handle 17 to be gripped by the user to lift up and carry 
the engine generator 1 are combined with the respective 
upper end parts of the front part CS and the back part C6 of 
the case C, respectively. The first carrying handle 16 is 
disposed in front of the top cover 4 at substantially the same 
level as the top cover 4. The second carrying handle 17 is 
disposed behind the top cover 4 at substantially the same 
level as the top cover. The first carrying handle 16 serves 
also as a first comer member on top of the front cover 5. The 
second carrying handle 17 serves also as a second comer 
member on top of the back cover 6. The first and second 
corner members respectively forming the upper front corner 
and the upper back corner of the case C are the first carrying 
handle 16 and the second carrying handle 17, respectively. 


[0051] The first carrying handle 16 and the second carry­
ing handle 17, which are made of a synthetic resin, are 
joined to the top cover 4. Sealing members 22 (FIG. 3) are 
held between the first carrying handle 16 and the top cover 
4 and between the second carrying handle 17 and the top 
cover 4, respectively. The first carrying handle 16 and the 
second carrying handle 17 have top parts 16a and 17 a and 
vertical parts 16b and 17b, respectively. The top parts 16a 
and 17a are the front and back end members of the top part 
C4 of the case C. The vertical parts 16b and 17 b face the 
front cover 5 and the back cover 6, respectively. Hands are 
extended along lower parts 16bl and 17bl, lower end parts 
16b2 and 17 b2 and inner parts 16b3 and 17 b3 of the vertical 
parts 16b and 17b, respectively, to lift up the engine gen­
erator 1. The lower end parts 16b2 and 17 b2 correspond to 
upper end parts Sa and 6a of the front cover 5 and the back 
cover 6, respectively, with respect to vertical and lateral 
directions. In this embodiment, the lower end part 16b2 and 
17 b2 correspond to inward depressed parts 23 and 24, 
respectively, with respect to vertical and lateral directions. 


[0052] The opposite side ends of the first carrying handle 
16 extending to the opposite side ends CSc and CSd of the 
front part CS of the case Care joined to the front cover 5 by 
welding or the like. The opposite side ends of the second 
carrying handle 17 extending to the opposite side ends C6c 
and C6d of the back part C6 of the case C are joined to the 
back cover 6 by welding or the like. The opposite side ends 
CSc and CSd of the front part CS of the case C and the 
opposite side ends C6c and C6d of the back part C6 of the 
case C are parts of the left side cover 7 and the right side 
cover 8 or parts corresponding to the left part C7 and the 
right part CS of the case C with respect to lateral directions, 
respectively. As shown in FIG. 4, the respective widths, 
namely, dimensions with respect to the lateral direction, of 
the first carrying handle 16 and the second carrying handle 
17 are approximately equal to the respective widths of the 
front cover 5 and the back cover 6, respectively, and is 
approximately equal to the lateral distance between the left 
side cover 7 and the right side cover 8. 


[0053] The first carrying handle 16 and the inward 
depressed part 23 formed by bending the upper end part Sa 
of the front cover 5 define the cooling air passage 18. The 
inward depressed part 23 is on the side of the enclosed space 
9 with respect to the first carrying handle 16. The inward 
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depressed part 23 has an inclined part 23a inclined obliquely 
upward toward the enclosed space 9, and a vertical inner part 
23b substantially vertically rising from the inner end of the 
inclined part 23a. The width of the depressed part 23 is 
substantially equal to and slightly shorter than that of the 
first carrying handle 16. 


[0054] The lower end part 16b2 and the inclined part 23a 
define an inlet 18a of the cooling air passage 18. The top part 
16a of the first carrying handle 16 and the upper end of the 
inner part 23b define an outlet 18b of the cooling air passage 
18. The inlet 18a and the outlet 18b are indicated by two-dot 
chain lines in FIG. 3. The inlet 18a opens under the first 
carrying handle 16. The cooling air passage 18 extends in a 
range substantially corresponding to a range between the 
opposite ends CSc and CSd of the front part CS of the case 
C. The width of the cooling air passage 18 is substantially 
equal to the width of the front cover 5 and the lateral distance 
between the left side cover 7 and the right side cover 8. The 
cooling air that has flowed longitudinally through the inlet 
18a into the case C flows upward along the inside surface 
16b3 of the vertical part 16b and the vertical inner part 23b. 
The top part 16a deflects the flow of the cooling air so that 
the cooling air flows longitudinally into the enclosed space 
9. The cooling air flows through the outlet 18b into the 
enclosed space 9 in the case C. The first carrying handle 16 
and the inward depressed part 23 define the labyrinthine 
cooling air passage 18. 


[0055] The first carrying handle 16 projects slightly from 
a right side part Sc and a left side part Sd protruding forward 
from the operating panel Se of the front cover 5. A lower end 
part CSb of the front part CS of the case C is on the side of 
the enclosed space 9 with respect to the side parts Sc and Sd. 


[0056] In this embodiment, a part of the reinforcing panel 
10 lying in the cooling air passage 18 serves as a guide part 
10a for making the cooling air flow smoothly into the 
enclosed space 9 in the case C. 


[0057] The cooling air passage 18 serves also as a first 
hand space 28 into which hand is inserted to grip the first 
carrying handle 16 when the user carries the engine genera­
tor 1. The cooling air passage 18 extends below the first 
carrying handle 16. An inner part 18c of the cooling air 
passage 18 defined mainly by the vertical inner part 23a 
merges into the enclosed space 9 in the case C. Thus a part 
of the hand space 28 extends below the top part C4 of the 
case C in the enclosed space 9 in the case C. 


[0058] The second carrying handle 17 and the inward 
depressed part 24 formed by bending the upper end part 6a 
of the back cover 6 define a second hand space 29. Hands are 
inserted into the first hand space 28 and the second hand 
space 29 to grip the first carrying handle 16 and the second 
carrying handle 17 when the user carries the engine genera­
tor 1. The inward depressed part 24 is on the side of the 
internal space 9 with respect to the second carrying handle 
17. The inward depressed part 24 has an inclined part 24a 
inclined obliquely upward toward the interior 9, and a 
vertical inner part 24b substantially vertically rising from the 
inner end of the inclined part 24a. The opposite side ends of 
the inward depressed part 24 correspond substantially to the 
opposite side ends of the second carrying handle 17, respec­
tively. The width of the depressed part 24 is substantially 
equal to and slightly shorter than that of the first carrying 
handle 16. 
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[0059] A part of the reinforcing panel 11 extending to the 
top cover 4 serves as a closing part llb. The closing part llb 
closes substantially completely the inner end of the second 
hand space 29. Thus, fresh air is practically unable to flow 
through the second hand space 29 into the enclosed space 9 
in the case C. 


[0060] The first carrying handle 16 and the second carry­
ing handle 17 are disposed on the case C symmetrically with 
respect to a plane of symmetry perpendicular to the longi­
tudinal direction. The inward depressed parts 23 and 24, and 
the first hand space 28 and the second hand space 29 are 
substantially symmetrical, respectively, with respect to the 
plane of symmetry. 


[0061] Referring to FIGS. 1 and 3, the engine 30 is a 
single-cylinder four-stroke cycle OHC air-cooled engine. 
The engine 30 has an engine body 30a. The engine body 30a 
includes a cylinder 31, a crankcase 32 joined to the lower 
end of the cylinder 31, a cylinder head 33 formed integrally 
with the cylinder 31 and a head cover 34 joined to the upper 
end of the cylinder head 33. A piston 35 is fitted in the 
cylinder 31 so as to reciprocate in the cylinder 31. The 
cylinder head 32 and the piston define a combustion cham­
ber. The engine body 30a is fastened to the bottom cover 3. 
A crankshaft 36 disposed with its axis longitudinally 
extended is supported for rotation by the cylinder 31 and the 
crankcase 32. The piston 35 drives the crankshaft 36 for 
rotation. 


[0062] Referring to FIGS. 2 and 4, an air intake system 37 
connected to the engine 30 includes a carburetor 37b and an 
intake pipe 37c connected to the cylinder head 33 to carry 
intake air into the combustion chamber. Part of the cooling 
air flowed through the cooling air passage 18 into the 
enclosed space 9 flows through an inlet 37al into an air 
cleaner 37a. The carburetor 37b, namely, an air-fuel mixture 
producing device, mixes air from the air cleaner 37a and the 
fuel gas supplied by the fuel supply system Fa or the external 
fuel system Fb to make an air-fuel mixture. A throttle valve 
37bl included in the carburetor 37b is driven by a stepping 
motor 37d. The stepping motor 37d is controlled by the ECU 
89 including a microcomputer to control the output of the 
engine 30 so that the crankshaft 36 rotates at a predeter­
mined rotational speed. 


[0063] An exhaust system 38 connected to the engine 30 
includes an exhaust pipe 38a connected to the cylinder head 
33 to carry an exhaust gas discharged from the combustion 
chamber, and a muffler 38b connected to the exhaust pipe 
38a. 


[0064] An intake valve 39a is operated by a valve mecha­
nism mounted on the cylinder head 33. The air-fuel mixture 
that has flowed through the intake valve 39a into the 
combustion chamber is ignited by an ignition plug 47 held 
by a holder 43 as shown in FIG. 3. Combustion pressure 
produced by the combustion of the air-fuel mixture in the 
combustion chamber drives the piston 35 to rotate the 
crankshaft 36. The combustion gas produced by the com­
bustion of the air-fuel mixture is discharged from the com­
bustion chamber through an exhaust valve 39b operated by 
the valve mechanism. The exhaust gas flows through the 
exhaust pipe 38a, the muffler 38b and a tail pipe 38c. The 
exhaust gas is discharged into the atmosphere from the tail 
pipe 38c opening into an exhaust opening 21 formed in the 
back cover 6. The muffler 38b deadens the exhaust noise. 
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[0065] Referring to FIGS. 1 and 3, the generator 40 
rotatively driven by the engine 30 has a rotor 40a, and a 
stator provided with coils, disposed diametrically inside the 
rotor 40a and fastened to the crankcase 32. The rotor 40a is 
provided with magnets and is fixedly mounted on the 
crankshaft 36, namely, the output shaft of the engine 30. A 
capacitor is charged with the power generated by the gen­
erator 40. An ignition system including the ignition plug 42 
is provided with an ignition coil 44 (FIG. 6) provided with 
a primary winding connected to the capacitor. The ignition 
coil 44 raises an input voltage up to a high voltage and 
applies a high-voltage pulse to the ignition plug 42 in 
response to an ignition signal provided at a specific crank­
shaft position. 


[0066] A cooling fan 45 rotatively driven by the crankshaft 
36 is combined with the rotor 40a and rotates together with 
the rotor 40a to take cooling air, namely, fresh air, through 
the cooling air passage 18 into the case C while the engine 
30 is in operation. The engine 30 is started by operating a 
recoil starter 46. The recoil starter 46 is connected to the 
cooling fan 45 and is provided with a rope 46a. A knob 
connected to the rope 46a is pulled to rotate the crankshaft 
36. 


[0067] Referring to FIGS. 2 to 4, the engine body 30a and 
the exhaust pipe 38a are covered with a shroud 47 for 
improved noise suppressing effect and for the improvement 
of the cooling effect of the cooling air. The shroud 47 defines 
a cooling air guide passage around the engine body 30a and 
the exhaust pipe 38a. The shroud 47 is made of a synthetic 
resin and is fixed to the engine body 30a. A bracket 47a 
formed integrally with the shroud 47 is fastened to the top 
cover 4. A fan cover 48 made of a synthetic resin and 
connected to the front end of the shroud 47 covers the 
cooling fan 45. A starter cover 49 connected to the front end 
of the fan cover 48 covers the recoil starter 48. The cooling 
fan 45 takes air into a space covered with the shroud 47 from 
the enclosed space 9 through an inlet 50 formed in the starter 
cover 49 and an inlet 51 defined by the starter cover 49 and 
the fan cover 48 to send 


[0068] A power control unit 41 for controlling the power 
generated by the generator 40 is disposed on the front side 
of the cooling fan 45 and the recoil starter 46. The power 
control unit 41 includes an inverter 41a (FIG. 6) for con­
trolling voltage and frequency, and a heat-radiating fins 41b, 
namely, heatsink, for dissipating heat generated by electric 
devices including the inverter 41a. 


[0069] The power control unit 41, the recoil starter 46, the 
cooling fan 45, the generator 40, the engine body 30a and 
the muffler 38b are arranged in that order in a straight 
arrangement on the axis of the crankshaft 36 in the flowing 
direction of the cooling air from the cooling air passage 18 
toward the cooling air outlet 20 in the internal space 9 in the 
case C. 


[0070] Referring to FIG. 1, a fuel system F for supplying 
the fuel gas to the engine 30 has the fuel supply system Fa, 
namely, an internal fuel system, and the external fuel system 
Fb disposed outside the case C. The fuel supply system Fa 
is included in the engine generator 1 and is disposed on the 
case C or in the enclosed space 9 of the case C. 


[0071] Referring to FIGS. 1 to 4, the fuel supply system Fa 
is provided with one or a plurality of fuel bottles 61, namely, 
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first fuel sources, internal fuel sources or first fuel contain­
ers. The fuel bottle 61 or the fuel bottles 61 are contained in 
a fuel storage structure 60. In this embodiment, the fuel 
supply system Fa is provided with the two fuel bottles 61. 
The fuel supply system Fa includes a fuel pressure regulator 
62, a heating device 80, a fuel system selector valve 12, 
namely, a fuel selecting means, fuel pipes, a connector 14, 
and a fuel cutoff valve 63. The fuel pressure regulator 62 
reduces the pressure of the fuel gas supplied from the two 
fuel bottles 61 and the external fuel bottle 71 and regulates 
the pressure of the fuel gas so that the fuel gas may be 
supplied to the carburetor 18b at fuel supply rate varying in 
proportion to load on the engine 30. The heating device 80 
heats the fuel bottles 61 and the fuel pressure regulator 62. 
The fuel system selector valve 12 is placed on the operating 
panel Se and is operated to select a fuel supply line. The fuel 
pipes interconnect the fuel bottles 61, the fuel pressure 
regulator 62 and the carburetor 18b. The fuel cutoff valve 63 
stops the flow of the fuel gas from the fuel system F to the 
engine 30. 


[0072] The fuel bottles 61 contain the fuel gas having 
comparatively high boiling point, such as liquefied butane 
gas. The fuel bottles 61 are detachably held in the fuel 
storage structure 60 with the fuel supply devices thereof 
connected to connectors 64 (FIG. 2) attached to the fuel 
storage structure 60. 


[0073] The external fuel system Fb includes the external 
fuel bottle 71, namely, a second fuel source or an external 
fuel source, a pipe AS and a pressure reducing device 72. 
The external fuel bottle 71 is disposed outside the engine 
generator 1. The pipe AS connects the external fuel bottle 71 
to the connector 14. The external fuel bottle 71 has a storage 
capacity greater than that of the fuel bottles 61; that is, the 
quantity of the fuel gas contained in the external fuel bottle 
71 is greater than that of the fuel gas contained in the fuel 
bottles 61. The external fuel bottle 71 contains a second fuel 
gas having a boiling point lower than that of the first fuel 
gas. The second fuel gas is, for example, liquefied propane 
gas. The external fuel bottle 71 is, for example, a propane 
gas cylinder for home use. 


[0074] The fuel storage structure 60 has a case 66 defining 
a fuel storage chamber 65 for holding the fuel bottles 61. The 
case 66 has a first side wall 66a made of a metal having a 
high thermal conductivity, such as aluminum, a second side 
wall 66b, which is a part of the right cover 8, and a bottom 
wall 66d. The upper end of the storage chamber 66 opens 
into the internal space 9. The fuel bottles 61 and the fuel 
storage structure 60 overlap the power control unit 41, the 
fuel pressure regulator 62 and the inlets 50 and 51 with 
respect to the longitudinal direction. The fuel bottles 61 and 
the fuel storage structure 60 are disposed near the right cover 
8. The first side wall 66a separates the fuel bottles 61 from 
the power control unit 41 and the fuel pressure regulator 62. 
The first side wall 66a is disposed such that an upper part 
thereof lies below the outlet 18b of the cooling air passage 
18 with respect to the flowing direction of the cooling air and 
lies under the exit 18b. The upper end of the first side wall 
66a lies substantially at the upper end of the internal space 
9. The fuel bottles 61, the first side wall 66a, the fuel 
pressure regulator 62 and the power control unit 41 coincide 
with the outlet 18b with respect to the lateral direction. 


[0075] A vibration proof holder 67 made of an elastic 
material is attached to the first side wall 66a and the second 
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side wall 66b in contact with the fuel bottles 61. The holder 
67 serves as a vibration isolator for preventing the fuel 
bottles 61 from being vibrated by vibrations generated by 
the operating engine 30. 


[0076] The fuel storage structure 60 is provided with fuel 
bottle detectors 68 to detect the fuel bottles 61 held in the 
fuel storage structure 60. The fuel bottle detectors 68 are 
attached to a support member 69 disposed outside the fuel 
storage chamber 65. The fuel bottle detectors 68 penetrate 
the first side wall 66a and protrude into the fuel storage 
chamber 65. Each of the fuel bottle detectors 68 is, for 
example, a microswitch provided with an actuator 68a. The 
actuators 68 are pushed by the fuel bottles 61 when the fuel 
bottles 61 are placed correctly in the fuel storage chamber 65 
and thereby the fuel bottles 61 correctly placed in the fuel 
storage chamber 65 are detected. 


[0077] The fuel bottles 61 are disposed near the power 
control unit 41 so that the fuel bottles 61 and the power 
control unit 41 are able to exchange heat. More specifically, 
the fuel bottles 61 are thermally connected to the first side 
wall 66a by heat transfer members 70 made of a metal 
having a high heat conductivity, such as aluminum. The heat 
transfer members 70 are columnar members each having one 
end in contact with the fuel bottle 61 and the other end in 
contact with the first side wall 66a. The first side wall 66a 
is disposed close to the power control unit 41 so that the 
cooling air flowing through the internal space 9 is able to 
transfer heat efficiently from the power control unit 41 to the 
first side wall 66a. Thus heat generated by the power control 
unit 41 is transferred to the fuel bottles 61 through the first 
side wall 66a to which the fuel bottles 61 are thermally 
connected by the heat transfer members 70. 


[0078] The fuel bottle 61 supplies the first fuel gas in 
liquid phase to the fuel pressure regulator 62. The external 
fuel bottle 71 supplies the second fuel gas in gas phase to the 
fuel gas pressure regulator 62. The fuel gas pressure regu­
lator 62 is disposed directly above the inlets 50 and 51 so as 
to overlap the fuel bottles 61, the first side wall 66a of the 
fuel storage structure 60, the power control unit 41 and the 
inlets 50 and 51 with respect to the longitudinal direction. 
The fuel pressure regulator 62 is disposed near the power 
control unit 41 to enable the cooling air flowing through the 
internal space 9 to transfer heat from the power control unit 
41 to the fuel pressure regulator 62. In FIG. 4, the fuel 
pressure regulator 62 is indicated by two-dot chain lines. 
The fuel pressure regulator 62 functions as a vaporizer for 
vaporizing the first fuel gas supplied thereto in liquid phase. 


[0079] Referring to FIG. 1, in the fuel supply system Fa, 
a first fuel system for supplying the first fuel gas from the 
fuel bottles 61 to the engine 30 is constituted by the fuel 
bottles 61, a pipe Al connecting the fuel bottles 61 to the 
fuel system selector valve 12, a pipe A2 connecting the fuel 
system selector valve 12 to the fuel pressure regulator 62, 
the fuel pressure regulator 62, a pipe connecting the fuel 
pressure regulator 62 to the carburetor 18b, and the fuel 
cut-off valve 63 placed in the pipe A3. A second fuel system 
for supplying the second fuel gas from the external fuel 
bottle 71 to the engine 30 is constituted by a pipe A4 
connecting the connector 14 to the fuel cutoff valve 12, the 
pipe A2 connecting the fuel system selector valve 12 to the 
fuel pressure regulator 62, the fuel pressure regulator, the 
pipe A3 connecting the fuel pressure regulator 62 to the 
carburetor 18b, and the fuel cutoff valve 63. 
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[0080] The pipes Al to A4 extended in the case C form 
fuel lines. The fuel pressure regulator 62, the pipe A3 and the 
fuel cutoff valve 63 form a common fuel system for the first 
and the second fuel system. 


[0081] The fuel cutoff valve 63, namely, a fuel cutoff 
means, is, for example, a normally-open solenoid valve 
which closes when energized. The ECU 89 controls the fuel 
cutoff valve 63 on the basis of the pressure of the first fuel 
gas. More specifically, the fuel pressure regulator 62 is 
provided with a pressure sensor 73 for measuring the 
pressure of the first fuel gas flowing from the fuel bottle 61 
to the fuel pressure regulator 62. When the pressure of the 
first fuel gas measured by the pressure sensor 73 is higher 
than an upper limit pressure Pl, the ECU 89 closes the fuel 
cutoff valve 63 to disconnect the common fuel system from 
the fuel bottle 61. The upper limit pressure Pl is determined 
beforehand to ensure the safe operation of the engine 
generator 1 by avoiding the operation of the engine 30 while 
the pressure of the first fuel gas in the fuel bottles 61 is 
excessively high due to the excessive heating of the fuel 
bottles 61. 


[0082] The fuel system selector valve 12 connects either 
the first fuel system that supplies the first fuel gas to the 
engine 30 or the second fuel system that supplies the second 
gas to the engine 30 selectively to the fuel pressure regulator 
62. The fuel system selector valve 12 can be set in a first 
position, where the knob of the fuel system selector valve 12 
is at a first position marked with "Internal fuel" and indi­
cated by chain lines in FIG. 5, to connect the first fuel system 
to the engine 30 to supply the first fuel gas to the engine 30, 
in a second position, where the knob of the fuel system 
selector valve 12 is at a second position marked with 
"External fuel" and indicated by two-dot chain lines in FIG. 
5, to connect the second fuel system to the engine 30 to 
supply the second fuel gas to the engine 30, and in a cutoff 
position, where the knob of the fuel system selector valve 12 
is at a cutoff position, where the knob of the fuel system 
selector valve 12 is at a neutral position marked with "Off'' 
and indicated by continuous lines in FIG. 5, to stop supply­
ing fuel gas to the engine 30 by disconnecting both the first 
and the second fuel system from the engine 30. The fuel 
system selector valve 12 is changed from the first to the 
second position and from the second to the first position via 
the neutral position. 


[0083] Referring to FIG. 6, the fuel system selector valve 
12 functions, in addition to functioning as means for sup­
plying the first or the second fuel gas selectively to the 
engine 30, as switches for starting and stopping the engine 
30 and controlling the ignition system and the heating device 
80. A kill switch 74 for controlling the operation of the 
ignition system is opened and closed and a main switch 75 
for controlling the operation of the heating device 80 is 
opened and closed according to the operating position of the 
fuel system selector valve 12. 


[0084] The heating device 80 includes electric heaters 81a 
and 81b, namely, heating means, placed in combination with 
the fuel bottles 61 in the fuel storage structure 60, an electric 
heater 82, namely, a heating means, combined with the fuel 
pressure regulator 62, temperature sensors 83a, 83b and 84 
for measuring the respective temperatures of the fuel bottles 
61 and the fuel pressure regulator 62, temperature sensors 
85a, 85b and 86 for measuring the respective temperatures 
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of the electric heaters 81a, 81b and 82, relays 87a, 87b and 
88 for opening and closing heater circuits for supplying 
power to the electric heaters 81a, 881b and 82 in response 
to control signals given thereto by the ECU 89, and pilot 
lamps 15a and 15b (FIG. 5) for indicating impartment of 
energy to the electric heaters 81a and 81b. 


[0085] The electric heaters 81a, 81b and 82 heat the two 
fuel bottles 61 and the fuel pressure regulator 62, respec­
tively, to promote the vaporization of the first fuel gas in a 
liquid phase. Heating the two fuel bottles 61 and the fuel 
pressure regulator 62 by the heaters 81a, 81b and 82 
prevents the excessive drop of the respective temperatures of 
the fuel bottles 61 and the fuel pressure regulator 62 due to 
the vaporization of the first fuel gas and the resultant 
excessive drop of the pressure of the first fuel gas. Thus, the 
first fuel gas can be stably supplied to the engine 30. 


[0086] Referring to FIG. 7 as well, when the fuel system 
selector valve 12 is set in the first (the second position), the 
first fuel gas (the second fuel gas) can be supplied to the 
engine 30 and the kill switch 84 is opened. Consequently, the 
ignition system is operative and hence the engine 30 is able 
to operate. When the fuel system selector valve 12 is set in 
the cutoff position, supply of the first fuel gas or the second 
fuel gas to the engine 30 is stopped and, consequently, the 
engine 30 stops. Thus, the fuel system selector valve 12 
serves as an engine switch that is opened when the fuel 
system selector valve 12 is set in the cutoff position. 


[0087] The main switch 75 is closed only when the fuel 
system selector valve 12 is set in the first position to make 
the heating device 80 operative. Consequently, the electric 
heaters 81a, 81b and 82 heat the fuel bottles 61 and the fuel 
pressure regulator 62, respectively. The heating operations 
of the electric heaters 81a, 81b and 82 are controlled on the 
basis of the respective temperatures of the fuel bottles 61 and 
the fuel pressure regulator 62, respectively. When the fuel 
system selector valve 12 is set in the second position or the 
cutoff position, the first fuel gas is not supplied to the engine 
30, the main switch 75 opens, the heating device 80 becomes 
inoperative and the fuel bottles 61 and the fuel pressure 
regulator 62 are not heated. 


[0088] The Operation and Effect of the Engine Generator 
1 will be Described. 


[0089] The fuel system selector valve 12 is changed from 
the cutoff position to the first position to supply the first fuel 
gas to the engine 30 and the recoil starter 46 is operated to 
start the engine 30. The engine 30 continues running. The 
power control unit 41 controls the power generated by the 
generator 40 driven by the engine 30. The power thus 
generated is supplied to an electric device connected to the 
output receptacle 13. The cooling fan 45 driven by the 
engine 30 sucks air in the enclosed space 9 through the inlets 
50 and 51. Then, fresh air, namely, cooling air, is caused to 
flow through the cooling air passage 18 into the internal 
space 9 by the suction of the cooling fan 45. 


[0090] The cooling air flows through the cooling air 
passage 18 and the top part of the internal space 9 into the 
internal space 9. Part of the cooling air flows downward to 
cool the heat-radiating fins 41b of the power control unit 41 
after transferring heat to the first side wall 66a and the fuel 
pressure regulator 62, transfers heat to the fuel pressure 
regulator 62 and is sucked through the inlets 50 and 51 into 
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the space inside the shroud 47 by the cooling fan 45. The 
cooling air flowing inside the shroud 47 cools the engine 
body 30a, the exhaust pipe 38a and the muffler 38. Then, the 
cooling air flows to the outside through the cooling air outlet 
20. 


[0091] When the first fuel gas is consumed by the engine 
30 and only a very small quantity of the first fuel gas is left 
in the fuel bottles 61, the first fuel gas needs to be cutoff and 
the second fuel gas needs to be supplied. Then, the fuel 
system selector valve 12 is set in the cutoff position to stop 
the engine 30. At the same time, the kill switch 74 is closed 
and the engine 30 can be immediately stopped. Subse­
quently, the fuel system selector valve 12 is set in the second 
position to supply the second fuel gas to the engine 30 and 
the recoil starter 46 is operated to start the engine 30. 


[0092] The inward depressed part 23 is formed in the front 
cover 5 of the engine generator 1 on the side of the internal 
space 9 with respect to the first carrying handle 16, the first 
carrying handle 16 and the inward depressed part 23 define 
the cooling air passage 18, the first hand space 28 is formed 
in the cooling air passage 18, the inward depressed part 24 
is formed in the back cover 6 of the engine generator 1 on 
the side of the internal space 9 with respect to the second 
carrying handle 17, and the second carrying handle 17 and 
the inward depressed part 24 define the second hand space 
29. 


[0093] The cooling air passage 18 serves also as the first 
hand space 28 and is formed in the front cover 5 of the case 
C defining the internal space 9, the inward depressed parts 
23 and 24 are components defining the first hand space 28 
and the second hand space 29 an protrude into the internal 
space 9 of the case C, and the hand spaces 28 and 29 do not 
extend outside the case C of the engine generator 1. There­
fore, protrusion of the first carrying handle 16 and the 
second carrying handle 17 respectively from the front cover 
5 and the back cover 6 of the case C is prevented or limited 
to a small extent and the first carrying handle 16 and the 
second carrying handle 17 do not occupy a large space. 
Consequently, the engine generator 1 has a small size and 
needs a small space for storage. Since the first carrying 
handle 16 and the second carrying handle 17 are not promi­
nent, the first carrying handle 16 and the second carrying 
handle 17 scarcely spoil the aesthetic appearance of the 
engine generator 1 and the engine generator 1 has a good 
appearance. Since the cooling air passage 18 contains the 
first hand space 28, the cooling air passage 18 and the first 
hand space 28 do not need to be formed separately, which 
reduces restrictions on the design of the appearance of the 
case C. The first hand space 28 and the second hand space 
29 defined by the front cover 5 and the back cover 6, 
respectively, facilitate carrying the engine generator 1. 


[0094] The first carrying handle 16 is cooled by the 
cooling air flowing through the cooling air passage 18 while 
the engine 30 is in operation. Therefore, the first carrying 
handle 16 and the second carrying handle 17 are not exces­
sively heated and can be gripped to carry the engine gen­
erator 1 while the engine generator 1 is in operation. 


[0095] The first carrying handle 16 and the second carry­
ing handle 17 have the vertical parts 16b and 17 b having the 
lower parts 16bl and 17bl, lower end parts 16b2 and 17b2 
and inner parts 16b3 and 17b3, respectively. Therefore, the 
first carrying handle 16 and the second carrying handle 17 
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can be easily gripped by putting hands respectively to the 
vertical parts 16b and 17 b, which facilitates carrying the 
engine generator 1. 


[0096] The labyrinthine cooling air passage 18 can be 
easily formed by the first carrying handle 16 having the 
vertical part 16b, and the inward depressed part 23 without 
requiring any complex structure. Since the internal space 9 
communicates with the outside space by means of the 
labyrinthine cooling air passage 18, outward propagation of 
noise generated by the operating engine generator 1 through 
the cooling air passage 18 can be effectively suppressed. 
Consequently, the leakage of the noise generated by the 
operating engine generator 1 from the case C through the 
cooling air passage 18 can be suppressed without increasing 
the cost of the engine generator 1. 


[0097] The first carrying handle 16 is disposed in the front 
part CS of the case C, the inlet 18a of the cooling air passage 
18 is formed below the first carrying handle 16, and the first 
carrying handle 16 and the cooling air passage 18 extend 
laterally over the entire width of the front part CS of the case 
C. Therefore, hands can be put on an optional part, suitable 
for carrying the engine generator 1, of the first carrying 
handle 16 extending in a wide lateral range to grip the first 
carrying handle 16, which facilitates carrying the engine 
generator 1. The inlet of the cooling air passage 18 can be 
formed in a large area without spoiling the aesthetic appear­
ance of the engine generator 1, the cooling air flowing 
through the laterally wide cooling air passage into the case 
suppresses the stagnation of air in the case and, conse­
quently, the engine 30, the generator 40 and the power 
control unit 41 can be efficiently cooled. 


[0098] Since the cooling air passage 18 is formed in an 
upper part of the front cover 5, hot air heated by the engine 
30, the generator 40 and the power control unit 41 in the 
state of hot soak immediately after the stop of the engine 30 
and rising upward by convection can easily flow to the 
outside through the cooling air passage 18. Thus the natural 
ventilation of the internal space 9 in the case C is promoted 
and the cooling of the engine 30, the generator 40 and the 
power control unit 41 immediately after the stop of the 
engine 30 is promoted. 


[0099] The first carrying handle 16 projects slightly from 
the right side part Sc and the left side part Sd protruding 
forward from the operating panel Se of the front cover 5. The 
lower part CSb of the front part CS of the case C is on the 
side of the internal space 9 with respect to the side parts Sc 
and Sd. Even if the engine generator 1 is installed with the 
front cover 5 in contact with an external structure, such as 
a wall, a space between the side parts Sc and Sd opens 
downward and the vertical part 16b of the first carrying 
handle 16 protrudes forward beyond the side parts Sc and Sd. 
Consequently, fresh air, namely, cooling air, can be suffi­
ciently taken through the space between the side parts Sc and 
Sd of the case and the external structure into the cooling air 
passage 18. 


[0100] The fuel bottles 61 and the fuel pressure regulator 
62 are disposed close to the power control unit 41 so that 
heat can be transferred from the power control unit 41 to the 
fuel bottles 61 and the fuel pressure regulator 62. Therefore, 
the cooling air is able to transfer heat generated by the power 
control unit 41 to the fuel bottles 61 and the fuel pressure 
regulator 62, which are cooled at low temperatures during 
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the operation of the engine generator 1 by the endothermic 
vaporization of the fuel gas. Therefore, heat generated by the 
power control unit 41 can be efficiently dissipated. In other 
words, the fuel bottles 61 and the fuel pressure regulator 62 
promote cooling of the power control unit 41. Consequently, 
the rise of the temperature of the power control unit 41 can 
be suppressed, the fuel bottles 61 and the fuel pressure 
regulator 62 can be heated by the heat generated by the 
power control unit 41 and, consequently, the drop of the 
temperatures of the fuel bottles 61 and the fuel pressure 
regulator 62 can be suppressed. Thus the rise of the tem­
perature of the power control unit 41 can be suppressed and 
hence the heat-radiating fins 41b of the power control unit 41 
may be small. Since the drop of the temperatures of the fuel 
bottles 61 and the fuel pressure regulator 62 can be sup­
pressed, the thermal output of the heating device 80 can be 
reduced and the power consumption of the electric heaters 
8la, 8lb and 82, namely, heat sources, can be reduced. 


[0101] The fuel bottles 61 is thermally connected to the 
first side wall 66a defining the fuel storage chamber 65 by 
the heat transfer member 70, and the power control unit 41 
is disposed near the first side wall 66a so that heat can be 
easily transferred from the power control unit 41 to the first 
side wall 66a. Consequently, heating the fuel bottles 61 by 
heat from the power control unit 41 and dissipating heat 
generated by the power control unit 41 are achieved by heat 
transfer through the first side wall 66a to the fuel bottles 61. 
Therefore, there are only a few restrictions on the arrange­
ment of the fuel bottles 61 and the power control unit 41 to 
enable heat exchange between the fuel bottles 61 and the 
power control unit 41. The rate of heat transfer from the 
power control unit 41 to the fuel bottles 61 can be increased 
by properly designing the shape and disposition of the first 
side wall 66a, such as increasing the size of the first side wall 
66a and disposing the first side wall 66a closer to the power 
control unit 41. Thus the utilization of heat by the fuel 
bottles 61 and the power control unit 41 can be increased. 
Consequently, the first side wall 66a enables the effective 
use of heat generated by the power control unit 41 by the fuel 
bottles 61 and the efficient dissipation of the heat generated 
by the power control unit 41, the degree of freedom of 
arranging the fuel bottles 61 and the power control unit 41 
increases, the utilization of heat by the fuel bottles 61 and the 
dissipation of heat generated by the power control unit 41 
can be enhanced, the power control unit 41 can be efficiently 
cooled by the fuel bottles 61 and the fuel bottles can be 
efficiently heated by the power control unit 41. 


[0102] At least part of the cooling air that has flowed 
through the cooling air passage 18 into the internal space 9 
flows past the first side wall 66a contiguous with the fuel 
bottles 61, the fuel pressure regulator 62, the power control 
unit 41, the generator 40 and the engine 30 in that order. 
Consequently, the cooling air that has flowed into the 
internal space 9 is cooled by the fuel bottles 61 and the fuel 
pressure regulator 62 and the temperature of the cooling air 
drops to a lower temperature. Thus the generator 40 and the 
engine 30 can be effectively cooled by the cooling air thus 
cooled by the fuel bottles 61 and the fuel pressure regulator 
62. Consequently, the thus cooled cooling air exercises a 
high cooling effect on the generator 40 and the engine 30. 


[0103] The inverter 41a causing a large switching loss and 
generating a large amount of heat is heated at high tempera­
tures. The fuel bottle 61 and the fuel pressure regulator 62 
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cool the hot inverter 41a effectively to suppress the rise of 
the temperature of the inverter 41a. On the other hand, the 
hot inverter 41 heats the fuel bottles 61 and the fuel pressure 
regulator 62 effectively to suppress the drop of the tempera­
tures of the fuel bottles 61 and the fuel pressure regulator 62. 
Consequently, the inverter 41a that generates heat at high 
rate is effectively cooled and the fuel bottles 61 and the fuel 
pressure regulator 62 are heated effectively by the inverter 
41a. 


[0104] The fuel pressure regulator 62 is disposed directly 
above the power control unit 41 so as to correspond longi­
tudinally and laterally to the cooling air passage 18. The fuel 
pressure regulator 62 deflects the cooling air that has flowed 
through the cooling air passage 18 into the internal space 9 
toward the power control unit 41. Thus the power control 
unit 41 can be efficiently cooled by the cooling air flowing 
in the internal space 9 immediately after passing the cooling 
air passage 18. 


[0105] Since the inlets 50 and 51 are positioned so as to 
overlap the first side wall 66a and the fuel pressure regulator 
62 with respect to a longitudinal direction, the cooling air 
cooled by the first side wall 66a and the fuel pressure 
regulator 62 flows through the inlets 50 and 51. Conse­
quently, the engine body 30a and the muffler 18b are cooled 
efficiently. 


[0106] An engine generator 1 in a second embodiment of 
the present invention will be described with reference to 
FIGS. 8 and 9, in which parts like or corresponding to those 
of the engine generator 1 in the first embodiment are denoted 
by the same reference characters and the description thereof 
will be omitted for simplicity. The engine generator 1 in the 
second embodiment differs from the engine generator 1 in 
the first embodiment in that the engine generator 1 in the 
second embodiment is has a second carrying handle 17 
defining a cooling air passage. 


[0107] The second carrying handle 17 and an inward 
depressed part 24 define a second cooling air passage 19. A 
lower end part 17b2 of a vertical part 17b of the second 
carrying handle 17 and an inclined part 24a define an inlet 
19a of the cooling air passage 19. The inlet 19a opens 
backward. A top part 17 a of the second carrying handle 17 
and the upper end of an inner part 24b define an outlet 19b 
of the cooling air passage 19. The inlet 19a opens under the 
second carrying handle 17. The cooling air passage 19 
extends in a range substantially corresponding to a range 
between the opposite ends C6c and C6d of the back part C6 
of a case C. The width of the cooling air passage 19 is equal 
to that of a first cooling air passage 18 and is substantially 
equal to the width of a back cover 6. 


[0108] Cooling air that has flowed through the inlet 19a 
into the case C flows longitudinally into the internal space 9, 
flows upward along the inside surface 17b3 of the vertical 
part 17b and the vertical inner part 24b. The top part 17a 
deflects the flow of the cooling air so that the cooling air 
flows longitudinally into the internal space 9. The cooling air 
flows through the outlet 19b into the internal space 9 in the 
case C. The second carrying handle 17 and the inward 
depressed part 24 define the labyrinthine cooling air passage 
19. 
[0109] A part of a reinforcing panel 11 lying in the cooling 
air passage 19 serves as a guide part lla for making the 
cooling air flow smoothly into the internal space 9 in the 
case C. 







Page 21 of 23


US 2007/0137591 Al 


[0110] The cooling air passage 19 serves also as a second 
hand space 29 into which hand is inserted to grip the second 
carrying handle 17 when the user carries the engine genera­
tor 1. The cooling air passage 19 extends below the second 
carrying handle 17. An inner part 19c of the cooling air 
passage 19 defined mainly by the vertical inner part 24a 
merges into the internal space 9 in the case C. Thus a part 
of the second hand space 29 extends below a top part C4 of 
the case C in the internal space 9 in the case C. 


[0111] The engine generator 1 in the second embodiment 
has the following functions and effects in addition to func­
tions and effects similar to those of the engine generator 1 in 
the first embodiment. 


[0112] The first carrying handle 16 and the second carry­
ing handle 17 are combined with a front cover 5 and the back 
cover 6 of the case C on the opposite sides of a generator 40 
and an engine 30, respectively. The first carrying handle 16 
and an inward depressed part 23 formed in the front cover 
5 define the cooling air passage 18. The second carrying 
handle 17 and an inward depressed part 24 formed in the 
back cover 6 define the cooling air passage 19. The cooling 
air flows through the cooling air passages 18 and 19 formed 
on the opposite sides of the engine 30 and the generator 40, 
respectively, into the internal space 9. Thus the temperature 
of the cooling air immediately after the cooling air has 
flowed through the two cooling air passages 18 and 19 into 
the internal space 9 is comparatively low as compared with 
that of the cooling air that flowed through the single cooling 
air passage into the internal space 9. Consequently, the 
engine 30 and the generator 40 are cooled efficiently by the 
cooling air having a comparatively low temperature. When 
the cooling air passages 18 and 19 are thus formed, hot air 
heated by the engine 30 and the generator 40 in the state of 
hot soak immediately after the stop of the engine 30 and 
rising upward by convection can easily flow to the outside 
through the cooling air passages 18 and 19 formed respec­
tively in upper parts CSa and C6a of a front part CS and a 
back part C6 of the case C. Thus the two cooling air passages 
18 and 19 facilitate the flow of the cooling air outside the 
case C, and the natural ventilation of the internal space 9 in 
the case C is promoted. Consequently, the cooling air that 
has flowed through the two cooling air passages 18 and 19 
into the internal space 9 improves the effect of cooling the 
engine 30, the generator 40 and a fuel pressure regulator 41 
and that of cooling the engine 20, the generator 40 and the 
fuel pressure regulator 41 immediately after the stop of the 
engine 30. 


[0113] The cooling air passages 18 and 19 are formed 
opposite to each other with respect to a direction in which 
the power control unit 41, the generator 40 an engine body 
30a and a muffler 38b are arranged linearly. The cooling air 
that has flowed through cooling air passage 18 near the 
power control unit 41 cools the power control unit 41, the 
generator 40, the engine body 30a and the muffler 38b in that 
order. Most part of the cooling air that has flowed through 
the cooling air passage 19 near the engine 30 flows around 
a shroud 47, is sucked through inlets 50 and 51 by a cooling 
fan 45 into a space surrounded by the shroud 47 and cools 
the generator 40, the engine body 30a and the muffler 38b 
in that order. Consequently, the generator 40 and the engine 
30 are cooled by the cooling air that has been scarcely heated 
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by the power control unit 41. Thus the effect of cooling the 
generator 40, the engine body 30a and the muffler 38b can 
be improved. 


[0114] Modifications in the Foregoing Embodiments will 
be Described. 


[0115] A first hand space 93 may be formed instead of the 
first hand space 28. The first hand space 93 does not extend 
only in the cooling air passage 18. As shown in FIG. 10, the 
first hand space 98 extends in part of the internal space 9 and 
a first cooling air passage 92. More specifically, a first 
carrying handle 90 defines the first cooling air passage 92 
together with an inward inclined part 91 of a front cover 5 
and defines the internal space 9 together with the front cover 
5 and other covers including a cover 4. An inner part 90bl 
of a vertical part 90b on which hand is put to grip the first 
carrying handle 90 is one of the members defining the 
internal space 9. A second hand space defined by a second 
carrying handle and a back cover may be closed similarly to 
that of the first embodiment. The second hand space may be 
formed, similarly to the first hand space 93, in part of the 
enclosed space 9 and a second cooling air passage defined by 
the second carrying handle and an inclined part of the back 
cover. As indicated by two-dot chain lines in FIG. 10, the 
front cover 5 and the back cover do not need to be provided 
with inward depressed parts for defining the first and the 
second cooling air passage. 


[0116] When inward depressed parts are not formed in the 
front cover 5 and the back cover, the cooling air passage 92 
serves also as the first hand space 93. The first hand space 
93 is formed in the front cover 5 defining the enclosed space 
9 and a part of the internal space 9 serves as a part of the first 
hand space 93. Since the hand spaces are not formed outside 
the case C, protrusion of the first carrying handle 90 from the 
front cover 5 of the case C is prevented or limited to a small 
extent. Consequently, the engine generator 1 has a small size 
and needs a small space for storage and restrictions on the 
design of the appearance of the case C can be reduced. Thus 
the advantages of this modification are similar to those of the 
first embodiment. 


[0117] Although the case C of each of the foregoing 
embodiments has the six covers, the case C may be made up 
of any suitable number of covers other than six covers. 


[0118] The first carrying handle 16 the cooling air pas­
sages 19 and 92 may be formed in an upper part, a lower part 
or a vertically middle part of the front part CS of the case C 
or in the top part C4 of the case C instead of in the upper end 
part of the front part CS of the case C, and the second 
carrying handle 17 and the cooling air passages 19 may be 
formed in an upper part, a lower part or a vertically middle 
part of the back part C6 of the case C or in the top part C4 
of the case C instead of in the upper end part of the back part 
C6 of the case C. Each of the cooling air passages 18, 19 and 
92 may be divided into a plurality of laterally arranged 
sections, provided that the first hand spaces 28 and 93 and 
the second hand space 29 are formed. 


[0119] Although the first and the second carrying handle 
of the foregoing embodiments are formed entirely of carry­
ing handle forming members, each of the first and the second 
carrying handle may be formed of a carrying handle forming 
member and part of the member of the case C, such as the 
front cover 5, the back cover 6 or the top cover 4 formed 
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integrally with the carrying handle forming member, may be 
formed of a member joined to the member of the case. The 
first and the second carrying hand may be formed in a shape 
such that hands can be put thereon. 


[0120] At least the fuel bottles 61, the case 66 or the fuel 
pressure regulator 62 may be thermally connected through a 
heat-conducting member made of a material having a high 
heat conductivity or may be connected directly to the 
heat-radiating fins 41b of the power control unit 41. Thus 
heat can be transferred from the power control unit 41 to at 
least the fuel bottles 61 or the fuel pressure regulator 62 by 
thermal conduction through the heat-conducting member. 
Consequently, heat generated by the power control unit 41 
can be efficiently used by at least the fuel bottles 61 or the 
fuel pressure regulator 62. Since heat generated by the 
power control unit 41 can be efficiently transferred at least 
the fuel bottles 61 or the fuel pressure regulator 62, The 
effect of at least the fuel bottles 61 or the fuel pressure 
regulator 62 on cooling the power control unit 41 and the 
effect of the power control unit 41 on heating at least the fuel 
bottles 61 or the fuel pressure regulator 62 can be improved. 


[0121] Either the fuel bottles 61 or the fuel pressure 
regulator 62 may be disposed relative to the power control 
unit 41 so that heat can be exchanged between the power 
control unit 41, and the fuel bottles 61 or the fuel pressure 
regulator 62. 


[0122] The fuel bottles 61 does not necessarily placed in 
the fuel storage structure 60 and the case separating the fuel 
bottles 61 from the power control unit 41 may be omitted. 


[0123] The first fuel gas may be supplied in gas phase to 
the fuel pressure regulator 62. The second fuel gas may be 
a gas other than propane gas, such as a town gas. The second 
fuel source may be a gas supply pipe for carrying the second 
fuel gas. 


[0124] The heat source of the heating device 80 may be 
any suitable heating means other than the electric heater, 
such as a heating means using the heat of the exhaust gas 
discharged from the engine, namely, waste heat. Since the 
fuel bottles 61 and the fuel pressure regulator 62 are heated 
by the heat generated by the power control unit 41 to 
suppress the drop of the temperatures of the fuel bottles 61 
and the fuel pressure regulator 62, the heat source may be 
that of a comparatively low temperature and the heat source 
can be chosen from a large variety of heat sources. The 
heating device for heating the fuel bottles 61 or the fuel 
pressure regulator 62 can be omitted. 


1. An engine operated generator comprising a fuel recep­
tacle storing a fuel gas in liquefied state, an engine that 
receives the fuel gas from the fuel receptacle, a fuel pressure 
regulator for regulating pressure of the fuel gas supplied 
from the fuel receptacle to the engine, a generator driven by 
the engine, and a power control unit for controlling power 
generated by the generator, 


wherein at least one of the fuel receptacle and the fuel 
pressure regulator is arranged adjacent to the power 
control unit, for heat exchange with the power control 
unit. 


2. The engine operated generator as claimed in claim 1, 
comprising a fuel storage chamber for storing the fuel 
receptacle, the fuel storage chamber having a side wall and 
a heat transfer device made of a heat conducting material, 
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the fuel receptacle and the side wall being thermally con­
nected via the heat transfer device, said side wall being 
disposed adjacent to the power control unit to enable heat 
exchange with the power control unit. 


3. The engine operated generator as claimed in claim 2, 
wherein said heat transfer device comprises a plurality of 
columnar members provided between the fuel receptacle and 
the side wall of the fuel storage chamber in contact with the 
fuel receptacle and the side wall. 


4. The engine operated generator as claimed in claim 1, 
wherein at least one of the fuel receptacle and the fuel 
pressure regulator is in direct thermal connection with the 
power control unit via a heat transfer device made of a 
material of high heat conductivity. 


5. The engine operated generator as claimed in claim 1, 
wherein the power control unit has an inverter. 


6. The engine operated generator as claimed in claim 1, 
comprising a case forming an internal space for accommo­
dating the fuel receptacle, the engine and the generator; and 
a cooling air passage for conducting cooling air from said 
internal space sequentially past the fuel receptacle, the 
power control unit in this order, to the generator and the 
engine to cool the same. 


7. The engine operated generator as claimed in claim 12, 
wherein the fuel pressure regulator and the power control 
unit are disposed on a side opposite the fuel storage chamber 
with respect to said side wall, and the power control unit is 
disposed below the fuel pressure regulator. 


8. The engine operated generator as claimed in claim 7, 
wherein said case has a side wall having an upper edge along 
which a cooling air inlet passage is provided, and the fuel 
pressure regulator is provided immediately downstream of 
the cooling air inlet passage. 


9. The engine operated generator as claimed in claim 2, 
wherein the power control unit has an inverter. 


10. The engine operated generator as claimed in claim 3, 
wherein the power control unit has an inverter. 


11. The engine operated generator as claimed in claim 4, 
wherein the power control unit has an inverter. 


12. The engine operated generator as claimed in claim 2, 
comprising a case forming an internal space for accommo­
dating the fuel receptacle, the engine and the generator; and 
a cooling air passage for conducting cooling air from said 
internal space sequentially past the fuel receptacle, the 
power control unit in this order, to the generator and the 
engine to cool the same. 


13. The engine operated generator as claimed in claim 3, 
comprising a case forming an internal space for accommo­
dating the fuel receptacle, the engine and the generator; and 
a cooling air passage for conducting cooling air from said 
internal space sequentially past the fuel receptacle, the 
power control unit in this order, to the generator and the 
engine to cool the same. 


14. The engine operated generator as claimed in claim 4, 
comprising a case forming an internal space for accommo­
dating the fuel receptacle, the engine and the generator; and 
a cooling air passage for conducting cooling air from said 
internal space sequentially past the fuel receptacle, the 
power control unit in this order, to the generator and the 
engine to cool the same. 


15. The engine operated generator as claimed in claim 13, 
wherein the fuel pressure regulator and the power control 
unit are disposed on a side opposite the fuel storage chamber 







Page 23 of 23


US 2007/0137591 Al 


with respect to said side wall, and the power control unit is 
disposed below the fuel pressure regulator. 


16. The engine operated generator as claimed in claim 14, 
wherein the fuel pressure regulator and the power control 
unit are disposed on a side opposite the fuel storage chamber 
with respect to said side wall, and the power control unit is 
disposed below the fuel pressure regulator. 


17. The engine operated generator as claimed in claim 15, 
wherein said case has a side wall having an upper edge along 
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which a cooling air inlet passage is provided, and the fuel 
pressure regulator is provided immediately downstream of 
the cooling air inlet passage. 


18. The engine operated generator as claimed in claim 16, 
wherein said case has a side wall having an upper edge along 
which a cooling air inlet passage is provided, and the fuel 
pressure regulator is provided immediately downstream of 
the cooling air inlet passage. 


* * * * * 
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GLOSSARY 


Abbreviation Term
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10,697,398 (Paper 4) 
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I, Dr. William E. Singhose, do hereby declare under penalty of perjury that the 


following statements are made based on my personal knowledge and are true and 


correct: 


I. INTRODUCTION 


A. Scope of Engagement 


1. I have been retained as an expert witness on behalf of Patent Owner 


Champion Power Equipment, Inc. to provide expert analysis and opinions in 


connection with Champion’s Patent Owner Response to IPR2025-01271. 


2. I understand that the Petition involves U.S. Patent No. 10,697,398 (the 


“’398 Patent”). [EX1001.] I have been asked to provide my opinions as to the 


validity of certain claims of the ’398 Patent. 


3. This Declaration sets forth the opinions that I have formed related to 


the ’398 Patent based on my personal knowledge, education, research, personal and 


professional experience, and the information I have reviewed as of the date of this 


Declaration. In connection with my analysis, I have reviewed the Petition in 


IPR2025-01271 and all exhibits cited therein, as well as all exhibits cited in this 


declaration. 


4. Between now and such time that I may be asked to testify, I expect to 


continue my review, evaluation, and analysis of evidence presented during this 


proceeding. I expressly reserve the right to amend or supplement this Declaration, 
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as appropriate. I have personal knowledge of the facts stated in the declaration, and 


I am willing to competently testify to them if and when called to do so. In the event 


that additional relevant information becomes available to me, I also reserve the right 


to review and consider that information in further developing or refining my 


opinions. 


5. I have considered certain issues from the perspective of a person of 


ordinary skill in the art, as described below, as of the effective filing date of the ’398 


Patent, which I have been asked to assume is June 12, 2015. [EX1001, (63).] 


B. Professional Qualifications and Experience 


6. In formulating my opinions, I have relied upon my knowledge, training, 


and experience in the relevant art. My qualifications are stated more fully in my 


curriculum vitae, which has been provided as EX2079. Here, I provide a brief 


summary of my qualifications. 


7. I am a mechanical engineer and professor of mechanical engineering at 


the Georgia Institute of Technology (“Georgia Tech”). I have substantial experience 


in the fields of, among others, product design, machinery, and controls. 


8. I hold B.S. and Ph.D. degrees in mechanical engineering from the 


Massachusetts Institute of Technology (“MIT”), and a M.S. degree in mechanical 


engineering from Stanford University. From 1998 to 2004, I was an Assistant 


Professor of mechanical engineering at Georgia Tech. From 2004 to 2014, I was an 
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Associate Professor at Georgia Tech. From 2014 to the present, I have held my 


current position as Professor of Mechanical Engineering at Georgia Tech. During 


my tenure at Georgia Tech, I have had visiting appointments at MIT, Stanford, the 


Polytechnic University of Madrid, and the Tokyo Institute of Technology. 


9. In my current position at Georgia Tech, I teach courses in mechanical 


design, system dynamics, and controls. I also lead teams of professors, post-docs, 


graduate students, and undergraduate students that conduct research in product 


design, mechanical design, dynamics, controls, automation, robotics, and human-


machine interfaces. I am currently the director of the Center for Crane Safety 


Research. 


10. Based on my work experience, described in my curriculum vitae and in 


more detail below, I am knowledgeable about the subject matter of the ’398 Patent. 


Specifically, my qualifications as an expert in the fields of product design and 


mechanical engineering stem from my prior work experience, as well as my 


experience as a Professor at Georgia Tech performing research, teaching, and 


consulting. 


11. Before starting my teaching career at Georgia Tech, I worked as a 


full-time mechanical engineer for several companies, including Walt Disney World, 


Apple Computers, Inc., and Convolve, Inc. 
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12. In my role at Walt Disney World, I designed and developed a number 


of structures and components for the parks’ rides, including, but not limited to, 


operational control procedures for the Body Wars simulators. These simulators are 


rooms that hold about 40 people at a time. The entire rooms, and the guests seated 


within, are automatically manipulated through a series of preprogrammed motions 


using six large linear hydraulic cylinders. The machines were equipped with 


numerous valves and sensors that enabled accurate feedback control of the power 


drives. 


13. For Convolve, Inc., I analyzed the dynamics of automated robots, 


satellites, and NASA high-altitude balloons. I also developed automated control 


systems for manufacturing machines, large-scale coordinate measuring machines, 


and laser interferometer sensors. One of my Convolve projects required the 


development and installation of a system to control a crane at the Savannah River 


Nuclear facility. The crane was a large overhead bridge structure that moved barrels 


of nuclear waste. The system we developed reduced the unwanted pendulum swing 


of the barrels. 


14. The ’398 Patent includes claim elements directed to components that 


enable multi-fuel use in generators such as carburetors, fuel lines, solenoid valves, 


and switches. I have experience working with all of these elements and combinations 


of these elements. 
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15. For example, I have worked on the control of valves since 1988. My 


first work in this area focused on the on-off control of thrusters used to reposition 


spacecraft. The primary goals of my work in this area were to control the oscillation 


[1–4] of the satellite structures and to control the amount of fuel used [1, 5–7]. In 


addition to working on thruster valve control, I also worked on projects controlling 


hydraulic valves when I worked at Disney World and during my career at Georgia 


Tech [8–10]. Furthermore, I have worked extensively with pneumatic valves [11–


14]. As detailed on my CV, I have received numerous grants to conduct research and 


development on fluid power.1


16. In addition to my research and work experience with valves, I have 


taught the use of pneumatic equipment, including on-off value control and 


quick-disconnect hoses, to my students at Georgia Tech for more than 20 years. 


17. In terms of my experience with generators, I have used portable 


generators in the course of my work for decades. For example, I used portable 


generators in the timeframe from 1987-1990 when I worked in the construction 


industry as a machine operator. I have also designed machines that relied upon 


portable generators. For example, in the 2006-2007 timeframe, I designed and built 


 


1 The references cited in this paragraph are listed at the end of this declaration. 
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a small scale mobile robotic boom crane. The boom crane had a sophisticated control 


system that utilized a Programmable Logic Control (PLC) and numerous sensors. 


These electrical components were driven by electrical power that was provided by 


110VAC. When used indoors, the crane was powered from wall outlets. However, 


when used outdoors, the crane was powered by an electrical generator that rode on 


a wagon towed by the crane. That wagon and generator are shown below.


   
Portable Generator for Robotic Mobile Boom Crane.


18. I have also worked on previous litigation matters wherein control of 


fluid into an engine was a central issue. For example, I worked on a patent case that 


involved control of air supply into an internal combustion engine. I have also worked 


on intellectual property litigation involving engine-powered machinery such as 


cranes, slip-form concrete pavers, road milling machines, as well as water pump 


flow control.  
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19. Although the ’398 Patent does not claim, or even describe, the use of 


vaporizers, the prior art put forth by Petitioner requires the use of vaporizers to 


prepare liquid fuel for use in engines. I have also worked on several previous 


litigation matters wherein vaporizers were central and indispensable components. 


Therefore, I have considerable experience working with devices that heat up liquid 


to generate vapor.  


20. In addition to my engineering experience as a professor and an 


engineer, I have commercialized technology developed in my research group at 


Georgia Tech by founding two companies: CAMotion Cranes and InVekTek. 


CAMotion Cranes designs and installs crane control systems that decrease payload 


swing, automatically avoid obstacles, and improve crane safety. These 


improvements are achieved through sensor systems and control methods that my 


research group developed, patented, and deployed. CAMotion Cranes was acquired 


by PAR Systems in 2013. InVekTek develops and commercializes control systems 


for robotic and industrial material-handling systems. The control systems are 


embedded in motor drives to reduce unwanted machine motion.  


21. Finally, I am a named inventor on the following issued patents in the 


areas of mechanical engineering: U.S. Patent No. 5,638,267; 6,920,378; 7,970,521; 


8,235,229; 8,975,853; and 9,776,838.  
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22. My CV provides further details about my degrees, employment history, 


teaching experience, publication list, scholarly accomplishments, professional 


contributions, grants, honors, and awards. [EX2079.] 


23. Over the last five years, I have testified as an expert at trial or at a 


deposition in the following cases:  


a. K-fee System v. Nespresso, Case No. 2:21-cv-3402-GW-AGRx (C.D. 


CA); 


b. Exotec v. Opex, IPR 2024-00850 (United States Patent and Trademark 


Office); 


c. Champion v. Firman, Civil Action CV-23-2371-PHX-DWL (D. Ariz.); 


d. Gomaco v. Guntert and Zimmerman, IPR2024-00835, PGR2024-


00026 (United States Patent and Trademark Office); 


e. US Conec v. Senko, ITC Inv. No. 33-TA-1399 (International Trade 


Commission); 


f. Juul v. NJOY: IPR2024-00160, IPR2024-00161 (United States Patent 


and Trademark Office); 


g. Lenovo v. Asus: ITC Investigation No. 337-TA-1382 (International 


Trade Commission); 


h. Juul v. NJOY: ITC Investigation No. 337-TA-1368 (International 


Trade Commission); 


i. LightGuide v. Amazon: IPR2023-01423 (United States Patent and 


Trademark Office); 


j. Bissell v. Tineco: ITC Investigation No. 337-TA-1304 (International 


Trade Commission); 
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k. Opex v. HC Robotics: ITC Investigation No. 337-TA-1293 


(International Trade Commission); 


l. Caterpillar Paving Products v. Wirtgen America: IPR2022-01264, 


IPR2022-01277, IPR2022-01278, IPR2022-01310 (International Trade 


Commission); 


m. DJI v. Textron: IPR2022-00162, IPR2022-00163, and IPR2022-00453 


(United States Patent and Trademark Office); 


n. Boyd v. Elliott Equipment: Case No: 1684CV00822 (Superior Court of 


Massachusetts); 


o. iRobot v. SharkNinja: ITC Investigation No. 337-TA-1252 


(International Trade Commission); 


p. Courkamp v. Fisher Price: Case No. CV-19-02689-PHX-GMS (D. 


Ariz.); 


q. Coleman Co. vs. Team Worldwide Corp: Case No. 2:20cv351-RGD-


RJK (E.D. Va.); 


r. Gomaco v. Guntert and Zimmerman: IPR2020-01698, IPR2021-00050, 


IPR2021-00136, IPR2021-00234 (United States Patent and Trademark 


Office); 


s. Unicorn Global v. GoLabs: Case No. 3:20-cv-02023 (N.D. Tex.); 


t. Gamevice v. Nintendo, ITC Investigation No. 337-TA-1197 


(International Trade Commission); 


u. Guntert and Zimmerman v. Gomaco, Case No. 5:20-cv-4007 (N.D. 


Iowa); and 


v. Wong et al. v. Morrow Equipment et al: Case No. 19-2-33286-7 SEA 


(Superior Court of Washington, King County). 
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C. Materials Considered 


24. In connection with my analysis, I have reviewed the Petition in 


IPR2025-01271 and all exhibits cited therein, as well as all exhibits cited in this 


declaration. A complete list of exhibits is included below. 


Ex. Description


1001 U.S. Patent No. 10,697,398


1002 File History for U.S. Patent No. 10,697,398


1003 Declaration of Dr. Timothy Morse 


1004 JPS61283734A (Original) (“Nakafushi”)  


1005 Certified Translation of JPS61283734A (“Nakafushi”)  


1006 
Small Engine Technology, Second Edition, Schuster, William A, (1999) 
(“Schuster”)  


1007 U.S. Patent No. 5,301,644 (“Olmr”)  


1009 U.S. Patent No 1,931,698 (“Holzapfel”)  


1012 Kubota DF972-E2 Workshop Manual (“Workshop Manual”)  


1014 Declaration from Mr. James Strepek re Kubota Manuals  


1015 Declaration from Mr. Scott Schlabach re Kubota Manuals  


1018 U.S. Patent No. 5,809,979 (“Tsuda”)  


1029 U.S. Patent No. 5,161,496 (“Matsushima”)  


1030 U.S. Patent No. 7,549,403 (“Yamamoto”)  


1031 U.S. Patent No. 4,776,988 (“Neal”) 


1032 U.S. Patent No. 6,213,083 (“Winberg”)  
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1033 
Champion’s Infringement Contentions with Respect to Petitioner 
Generac’s Model PM4500DF and GP7500E DF Generators  


1034 Photos of Generac PM7500DF Generator  


1035 Video 1 of Generac PM7500DF Generator  


1036 Video 2 of Generac PM7500DF Generator  


1037 Video 3 of Generac PM7500DF Generator 


1038 
Process Control, Instrument Engineers’ Handbook, Liptak, Bélá G., 
(1995) (“Liptak”)  


1039 U.S. Patent Pub. No. 2007/0137591 (“Sugimoto”)  


2079 Curriculum Vitae of Dr. William Singhose 


2080 US2012/0104008 (“DeNardo”) 


2081 Propane 101 Internet Archive 


2100 U.S. Patent No. 4,372,276 (“Bernhardsson”) 


2101 IPR2025-00805 Declaration of Dr. Timothy Morse 


2126 U.S. Patent Pub. No. 2011/0100335A1 (“Parlatore”) 


2127 Timothy Morse Deposition Transcript


2128 U.S. Patent No. 3,465,740


2129 U.S. Patent No. 5,197,910 


2130 U.S. Patent No. 4,707,017 


2131 U.S. Patent No. 8,631,972 (“Kessler”) 


D. Compensation 


25. I am being compensated at the hourly rate of $875 for my work in this 


proceeding, including studying this matter, preparing this declaration, and providing 
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deposition and trial testimony. Travel time will be billed at a 50% rate. This is my 


standard hourly rate for engagements of this nature. My compensation is not 


contingent upon the outcome of this proceeding or the particular testimony or 


opinions that I express. I am also being reimbursed for expenses incurred as a result 


of activities performed as an expert in this matter. 


26. I have no financial interest in Patent Owner. I similarly have no 


financial interest in the ’398 Patent. 


II. UNDERSTANDING OF APPLICABLE LEGAL PRINCIPLES 


27. I use the legal principles below, which I understand from counsel, as a 


guide in formulating my opinions. 


A. Scope of the Proceedings 


28. I understand that a petition must identify in writing and with 


particularity (1) each claim challenged, (2) the grounds on which the challenge to 


each claim is based, and (3) the evidence that supports the grounds for the challenge 


to each claim. 


29. I further understand that, with respect to IPR proceedings, the scope of 


the proceedings is limited to the grounds recited in the petition. Specifically, I 


understand that the petition is required to include a full statement of the reasons for 


relief requested, including a detailed explanation of the significance of the evidence 


and all material facts. 
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30. I further understand that the expedited nature of IPRs bring with it an 


obligation for a petitioner to make its case in its petition to institute. Rather than 


relying on vague conclusory statements to support unpatentability based on 


obviousness under 35 U.S.C. §103, the petitioner must provide specific reasoning 


supported by evidence.  


31. Specifically, in order to satisfy its burden of proving obviousness, a 


petitioner cannot employ mere conclusory statements. Instead, a petitioner has the 


burden to submit facts to the record that show whether the prior art discloses a claim 


limitation, whether a skilled artisan would have been motivated to modify or 


combine teachings in the prior art, and whether the artisan would have had a 


reasonable expectation of success in doing so. 


32. If the petition does not clearly demonstrate how the cited prior art meets 


each claim element, a petitioner will fail to meet its burden. Failure to prove the 


matter as required means that the party with the burden of persuasion loses on that 


point—thus, if the fact trier of the issue is left uncertain, the party with the burden 


(the petitioner) loses. Consequently, if the petition fails to particularly point out how 


the cited prior art meets each of the claimed elements of at least one claim as 


construed by the petitioner, the petitioner loses. 
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B. Claim Interpretation 


33. My opinions concern what I believe the person having ordinary skill in 


the art would have understood the meaning of certain claim terms to be based on the 


patent documents. 


34. I understand that assessing the validity of a patent claim requires a 


two-step analysis. The first step involves the proper interpretation, or construction, 


of the claim language in order to determine its scope and meaning. The second step 


requires comparing the claim, as properly construed, to the alleged prior art to 


determine whether the limitations of the claim are met by the prior art.  


35. My methodology for determining the meaning of claim terms or 


phrases involved the following steps. My first step was to study the patent carefully. 


In particular, I studied the claims themselves, followed by the background, detailed 


specification, figures, and other patent content. Next, I reviewed the prosecution 


history and looked for any clarifications or limitations that might be attached to 


various claim terms.  


36. I understand that in an inter partes review, claim terms are to be given 


their ordinary and customary meaning as understood by persons having ordinary 


skill in the art in the context of the entire disclosure at the time of the invention. I 


understand that one must be careful not to read a specific embodiment appearing in 


the written description into the claim if the claim language is broader than the 
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embodiment. I further understand that any special definition for a claim term must 


be set forth with reasonable clarity, deliberateness, and precision.  


37. I further understand that a claim construction that gives meaning to all 


the terms of the claim is preferred over one that does not do so, and that a proposed 


construction is disfavored where it would render express claim limitations 


meaningless. 


38. I have been informed that this standard is the same as that used in 


United States district courts, in which claim terms are given their ordinary and 


customary meaning as would be understood by persons having ordinary skill in the 


art at the time of the invention having taken into consideration the language of the 


claims, the specification, and the prosecution history of record under the Phillips 


claim construction standard. Phillips v. AWH Corp., 415 F.3d 1303 (Fed. Cir. 2005). 


C. Prior Art 


39. I understand that information that satisfies one of the categories of prior 


art set forth in 35 U.S.C. § 102 may be used in an invalidity analysis under §§ 102 


or 103. If information is not properly classified as prior art under one of the 


subsections of § 102 of the Patent Code, then it may not form the basis of an 


anticipation or obviousness determination. It is also my understanding that, for inter 


partes review, applicable prior art is limited to patents and printed publications. 
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D. Anticipation 


40. I understand that a patent claim is invalid due to anticipation under 35 


U.S.C. § 102 if each and every element of the patent claim is disclosed in a single 


asserted prior art reference and that such disclosure may be either explicit or 


inherent. I also understand that a disclosure of an asserted prior art reference can be 


“inherent” if the missing element is necessarily present or is the inevitable outcome 


of the process and/or thing that is explicitly described in the asserted prior art 


reference. 


41. I also understand that in order to anticipate the claimed invention, a 


prior art reference must disclose all elements of the claim within the four corners of 


the document, and it must disclose those elements arranged as in the claim. However, 


a reference can anticipate a claim even if it does not expressly spell out all the 


limitations arranged or combined as in the claim, if a person of skill in the art, 


reading the reference, would at once envisage the claimed arrangement or 


combination. 


E. Obviousness 


42. I also understand that a patent claim is invalid under 35 U.S.C. § 103 if 


the differences between the invention and the prior art are such that the subject 


matter as a whole would have been obvious at the time of the invention to persons 


having ordinary skill in the art to which the subject matter pertains. Obviousness, as 
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I understand, is determined based on the scope and content of the prior art; the level 


of ordinary skill in the art at the time of the alleged invention; differences between 


the alleged invention and the prior art; and objective evidence of non-obviousness.  


43. I further understand that a party seeking to invalidate a patent on 


obviousness grounds must demonstrate by a preponderance of the evidence that a 


skilled artisan would have been motivated to combine the teachings of the prior art 


references to achieve the claimed invention, and that the skilled artisan would have 


had a reasonable expectation of success in doing so. 


44. I understand that the pertinence of the prior art reference as a source of 


solution to the inventor’s problem must be recognizable with the foresight of a 


person of ordinary skill, not with the hindsight of the inventor’s successful 


achievement, and that a factfinder should be aware, of course, of the distortion 


caused by hindsight bias and must be cautious of arguments reliant upon ex post 


reasoning. 


III. PETITIONER’S INVALIDITY CHALLENGES 


45. I understand that Petitioner challenges various claims of the ’398 Patent 


based on the following Grounds: 


Ground Claims Basis Primary Reference 
Secondary 


Reference(s) 
1 1, 3, 22, 57 102 Workshop Manual - 


2 
2, 4-14, 19-21, 
23, 32-42, 58  


103 Workshop Manual 
Matsushima, 


Yamamoto, and Olmr 
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3 1, 3, 22, 57 102 Nakafushi - 


4 
2, 4-14, 19-21, 
23, 32-42, 58 


103 Nakafushi 
Matsushima, 


Yamamoto, and Olmr
5 1, 15-16, 43-44 102 Holzapfel - 
6 43-46, 56 102 Neal -


7
43-46, 53-54, 


56 
102 Winberg -


8 17, 23-26 103 Holzapfel Neal, Yamamoto
9 17, 23-26 103 Holzapfel Winberg, Yamamoto


IV. SUMMARY OF OPINIONS 


46. It is my opinion that Claims 1-17, 19-22, and 57-58 of the ’398 Patent 


are not anticipated or otherwise rendered obvious by the combination of prior art 


suggested by Petitioners. I have not formed any opinions regarding the validity of 


any other claims of the ’398 Patent. 


V. Background 


47. Liquified petroleum gas is commonly referred to as “LPG” or 


“propane.” [EX1001, 1:44-47.] Propane “is derived from the refining of oil and gas 


and is compressible to a liquid form for storage.” [Id., see also EX2080 (U.S. Patent 


Pub. No. 2012/0104008), ¶[0003].] 


48. Like virtually all forms of matter, LPG can exist in various different 


states that have very different properties. The terms “liquid propane” or “liquid 


LPG” are commonly used to describe LPG when present in a liquid state.  
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49. In my experience, the terms “propane vapor” and “gaseous LPG” are 


commonly used to describe LPG in a gaseous state.  


50. Prior to the priority date of the ’398 Patent, the distinctions between 


gaseous and liquid LPG were well known in the art. For example, I have reviewed 


archives of the “Propane 101” website which pre-date the ’398 Patent. True and 


correct copies of excerpts of the Propane 101 website as they existed in February, 


2015 are filed with this declaration as Exhibit 2081, including the following web 


pages: 


EX2081.A: http://www.propane101.com, dated February 9, 2015; 


EX2081.B: http://www.propane101.com/propaneliquidandvapor.htm, dated 


February 4, 2015; 


EX2081.C: https://www.propane101.com/understandingpropanetanks.htm, dated 


February 6, 2015; 


EX2081.D: http://propane101.com/propanecylinders.htm, dated February 6, 2015; 


EX2081.E: http://www.propane101.com/industrialpropanecylinders.htm, dated 


February 11, 2015; and 


EX2081.F: http://www.propane101.com/propanecylinderusage.htm, dated 


February 14, 2015. 


Champion - EX2133, Page 25 of 111 
Generac Power Systems, Inc. v. Champion Power Equip., Inc. 


IPR2025-01271







Case No. IPR2025-01271
U.S. Patent No. 10,697,398 


26


51. I have reviewed the information presented on these webpages, and 


concluded that it is both accurate, and consistent with my understanding of liquid 


petroleum gas as of June 12, 2015.  


52. The “Propane Liquid and Propane Vapor” webpage states that:  


Before propane is used, it exists in one of two forms, liquid or vapor. 


Both liquid propane and vapor are usable but cannot be used 


interchangeably. In other words, a propane system designed to use 


vapor can’t utilize propane in its liquid form and vice-versa. 


Additionally, the characteristics of propane liquid and propane vapor 


are so different that the primary properties we are concerned with are 


as different as night and day. 


[EX2081.B.] Specifically, I agree that a propane system designed to use vapor 


cannot utilize propane in its liquid form and vice-versa. This is also true for 


component parts of a system that utilizes liquid propane in some parts of the system 


and propane vapor in other parts. 


53. LPG “exists in a gaseous state at normal temperature and pressure but 


can be conveniently stored under pressure in a liquid state.” [EX1001, 1:44-47.] A 


POSITA would have understood that the propane storage disclosed by the ’398 


Patent can be accomplished in large on-site tanks, or in portable cylinders. This is 


confirmed by reference to the “Propane 101” website referenced above. [EX2081.C; 


EX2081.D.] 
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54. Petitioner’s expert, Dr. Morse, stated that “even though LPG is 


conveniently stored in a liquid state under high pressure, LPG exists as a gas at 


normal temperatures and pressures.” [EX1003, ¶82.] According to Dr. Morse, “LPG 


supplied in this way will typically leave the storage tank as a liquid and gas mixture 


in equilibrium until there is a change in temperature and/or pressure. For example, 


when the LPG exiting the tank travels to a first regulator that reduces the pressure, 


the LPG will be vaporized to gaseous form as it passes through the regulator. 


Vaporizers/regulators that have the dual function of vaporizing fuel and regulating 


its pressure were well known in the art.” [Id.]  


55. Confusingly, Dr. Morse’s assertion that LPG “will typically leave the 


storage tank as a liquid and gas mixture in equilibrium” is not consistent with his 


earlier declarations regarding related patents. For example, Dr. Morse submitted a 


declaration in connection with IPR2025-00805, regarding Champion’s U.S. Patent 


No. 10,393,034, which is a child of the ’398 Patent at issue here. There, Dr. Morse 


stated that LPG tanks supply “liquid propane to a vaporizer” and the “vaporizer 


converts the liquid LPG into gaseous fuel and supplies the gaseous fuel to the dual-


fuel carburetor.” [EX2101, ¶70.] Tellingly, Dr. Morse’s analysis in earlier IPRs 


made no reference LPG tanks simultaneously supplying both liquid and gaseous 


LPG. I strongly disagree with Dr. Morse’s current position. An LPG system 
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designed to draw liquid LPG from a source will draw only liquid LPG from the 


source. 


56. While Dr. Morse correctly stated that LPG is typically stored as a liquid 


and enters the engine as a gas, his categorical assertion that “a fuel that is delivered 


to the carburetor in a gaseous state [is] a ‘gaseous fuel’” in all contexts is incorrect, 


as indicated by the very same references that Petitioner cites in its grounds. [Id. ¶84; 


see also Ex. 1012, 65 (separately identifying both a “Liquid Propane Line” and a 


“Gaseous Propane Line”).]  


57. In my experience, the vast majority of fuel sources (including liquid 


gasoline, which both Petitioner and Patent Owner agree is a liquid fuel) are 


vaporized prior to combustion.  


58. In fact, many LPG applications are optimized to run on either liquid or 


gaseous LPG. As such, categorically referring to any LPG source as a gaseous fuel 


source completely discounts numerous liquid LPG applications, and incorrectly 


characterizes the knowledge of a POSITA. 


A. Gaseous LPG Systems 


59. The fuel source containers of LPG are often called “cylinders.” LPG 


cylinders have a wide variety of possible configurations. For example, consumer-


focused cylinders are designed to supply gaseous LPG and are used to fuel gas grills, 


fire pits, and generators. [EX2081.D.] 


Champion - EX2133, Page 28 of 111 
Generac Power Systems, Inc. v. Champion Power Equip., Inc. 


IPR2025-01271







Case No. IPR2025-01271
U.S. Patent No. 10,697,398 


29


60. As another example, U.S. Patent Pub. No. 2011/0100335A1 


(“Parlatore”), (cited by Petitioner in related proceedings) describes a system 


configured to operate using gaseous LPG. [EX2126, ¶[0014] (“In one exemplary 


embodiment and as shown in the exemplary diagram in FIG. 1, a gas, such [as] 


liquefied petroleum gas or propane, may be supplied to an engine as fuel. The gas 


may be stored in a bottle or tank, such as LPG tank 102. . . . An exemplary fuel 


system may use liquefied petroleum gas (LPG or propane) which may be stored in a 


vapor gaseous state in LPG tank 102. . . .”).] 


61. Parlatore explicitly recognizes the benefits of propane vapor, stating 


that the LPG applications described therein “may be accomplished through the use 


of vapor fuel delivery rather than the delivery of liquid propane gas.” [Id., ¶[0025].] 


Moreover, using propane vapor supplied directly from the source, rather than 


converting liquid propane to propane vapor, allows the system to avoid “issues 


pertaining to cooling and freezing, such as those known to affect the conversion of 


propane from liquid to gas.” [Id., ¶[0025].] 


B. Liquid LPG Systems 


62. Conversely, it is my understanding that commercial or industrial 


cylinders are optimized to supply liquid LPG to motorized commercial equipment 


such as forklifts. Again, this is consistent with my experience and confirmed by 


reference to the “Propane 101” website referenced above. [EX2081.D-E.] 
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63. For example, “[p]ropane powered forklifts primarily use 33 pound [sic] 


cylinders as their fuel source and are equipped for liquid service. Because the 


cylinders are designed for liquid service, they have to be placed properly on the lift 


truck to operate correctly. Improper cylinder installation can result in loss of power 


and eventually complete loss of engine functionality.” [EX2081.E.] 


64. Petitioner’s Bernhardsson reference, which was cited in a related 


proceeding, provides another example of a system configured to operate using liquid 


LPG. [EX2100, 2:58-68 (“The system 4 for supplying a gaseous fuel, e.g. LPG 


(Liquefied Petroleum Gas) or natural gas, includes a container 40 in which the gas 


assumes liquid form under pressure. . . . The container 40 is connected to a vaporizer 


43 via a solenoid valve 42 and a pipe 41 . . . and gas supplied in liquid form to the 


vaporizer 43 is successively transformed into gas.”) (emphasis added).] Notably, 


Bernhardsson does not teach that its system is operable on gaseous LPG, and using 


gaseous LPG in the system disclosed by Bernhardsson would render Bernhardsson’s 


vaporizer 43 superfluous.  


65. Other references provide examples of LPG vaporizers for use with 


liquid LPG. For example, the Kubota Workshop manual describes a vaporizer which 


includes both primary and secondary chambers. [EX1012, 69.] The primary and 


secondary chambers—acting together—vaporize liquid LPG into a gaseous state 


before the fuel enters the carburetor. [Id., 70-71.]  
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66. Perhaps most critically, Petitioner’s Holzapfel reference discloses “an 


additional fuel supply system employing a normally gaseous fuel” but explicitly 


teaches that the system should be configured “so as to draw off the liquid and not 


gas.” [EX1009, 2:8-15.]


C. LPG Storage and Distribution


67. Regardless of whether a LPG tank or cylinder is designed to supply 


liquid or gaseous LPG, the storage device contains LPG in both a liquid and gaseous 


state.2 Liquid propane is more dense than gaseous propane, and therefore sinks to 


the bottom of the tank, as depicted below:


2 This is also true with respect to gasoline tanks, which contain liquid gasoline and 


gasoline vapor.
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Schematic Representation of an LPG Tank with Both Gaseous and Liquid 
Propane. 


68. When the valve at the top of the LPG cylinder is opened, it causes the 


pressure within the cylinder to drop, which (1) causes the liquid LPG to boil and 


evaporate into a gas, and (2) releases the gaseous propane located near the valve.  


69. The different LPG use cases and storage configurations would have 


been known to a POSITA. For example, such differences are discussed on the 


Propane 101 Website: “The proper use of a propane cylinder involves the 


appliance(s) being serviced. Propane appliances and equipment that utilize cylinders 


. . . are not to be used as a replacement for an empty bulk propane tank. . . . Also, 


bottles that are used in vapor service such as a barbeque grill or fish fryer cannot be 


replaced by a forklift propane cylinder, as LP Gas forklift cylinders use liquid 


propane for their specific engine fuel applications. . . LP Gas cylinders are not 


interchangeable with ASME bulk propane tanks or with other types of cylinders that 


are approved for specific LP Gas applications.” [EX2081.F.] 


70. Of key importance to the understanding of the ’398 Patent’s claims, 


“[p]ropane vapor service and propane liquid service are completely different from 


one another.” [EX2081.B.] The vast majority of propane applications—such as 


water heaters, furnaces, gas grills, and the generators at issue in the co-pending 


disputes between Patent Owner and Petitioner—utilize propane vapor. [EX2081.B.] 
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These applications are not configured to operate on liquid LPG. If liquid propane 


were injected into these systems it could result in fire or similar danger, which is 


why consumer propane cylinders should always be positioned upright with their 


valves at the top of the storage vessels.


VI. OVERVIEW OF THE ’398 PATENT 


71. The ’398 Patent was filed as U.S. Patent Application No. 14/925,441 


on October 28, 2015. EX1001, (21), (22). The ’398 Patent is one of thirteen members 


of a patent family directed to multi-fuel engine technology, which are collectively 


referred to as the “2015 Family.” The 2015 Family is depicted below: 


Champion - EX2133, Page 33 of 111 
Generac Power Systems, Inc. v. Champion Power Equip., Inc. 


IPR2025-01271







Case No. IPR2025-01271
U.S. Patent No. 10,697,398 


34


 


A. Summary  


72. As the specification of the ’398 Patent explains, the patent describes “A 


dual fuel engine includes an engine operable on a gaseous fuel and a liquid fuel and 


a switch to change operation of the engine between gaseous fuel and liquid fuel.” 


[EX1001, Abstract.] The technology requires a carburetor that can mix air and fuel 


14/738,060


Jun. 12, 2015


10,221,780


Continuation-in-Part
14/925,441


Oct. 28, 2015


10,697,398


Continuation-in-Part


15/285,215


Oct. 4, 2016


10,393,034


Continuation


16/358,822


Mar. 20, 2019


10,697,379


Continuation


16/946,439


Jun. 22, 2020


11,143,120


Continuation


16/946,438


Jun. 22, 2020


11,143,145


Continuation-in-Part


15/332,264


Oct. 24, 2016


10,167,789


Continuation
16/191,503


Nov. 15, 2018


11,530,654


Continuation


16/783,455


Feb. 6, 2020


11,492,985


Continuation


17/937,046


Sept. 30, 2022


11,840,970


Continuation


18/183,734


Mar. 14, 2023


11,905,895


Continuation


18/443,487


Feb. 16, 2024


2024/0183319


Continuation


19/026,996


Jan. 17, 2025


2025/0154911


Champion - EX2133, Page 34 of 111 
Generac Power Systems, Inc. v. Champion Power Equip., Inc. 


IPR2025-01271







Case No. IPR2025-01271
U.S. Patent No. 10,697,398 


35


and connect to both a gaseous fuel source and a liquid fuel source.  The invention is 


directed at using such dual-fuel engines in portable electric generators.   


73. Figure 1 of the ’398 Patent, reproduced below for convenience, shows 


an example embodiment of the technology.  The patent teaches “mechanical fuel 


lockout switch 38 provides gasoline flow from gasoline tank 32 to the engine while 


preventing connection of an LPG supply line to fuel inlet 59 of the second fuel line.”  


[EX1001, 5:40-45.] The patent distinguishes the types of fuel used as either liquid 


or gaseous.  For example, when describing “an exemplary embodiment of the 


invention, first fuel source 28 is a liquid fuel and second fuel source 30 is a gaseous 


fuel. The liquid fuel may be gasoline and the gaseous fuel may be liquid petroleum 


gas (LPG).”  [EX1001, 4:7-10.] 
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[EX1001, Fig. 1.]


74. Note that the second fuel source 30 shown in Figure 1 is an LPG tank 


with the fuel outlet (service valve 40) located at the top of the tank.  Such an 


embodiment would use a gaseous fuel flowing out from the second fuel source 30.  


The liquid in the LPG tank settles to the bottom of tank and cannot exit from the fuel 


source tank because the outlet is at the top of the tank.  There are other types of 


applications that use LPG as a fuel source in liquid form. In those applications, the 


liquid LPG is drawn from the bottom of an LPG tank.  This is not the configuration 


or use case taught by Figure 1 of the ’398 Patent. 


75. The ’398 Patent explains that there are advantages to being able to use 


different types of fuel to generate electricity when, for example, “power outages in 
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the utility grid result from severe weather.” [EX1001, 1:31-33.] However, the patent 


warns that “a common problem with such configurations that couple two fuel 


sources to a single engine is that the engine can experience overly rich air-fuel ratio 


when both fuels are simultaneously engaged during cross-over switching between 


the fuel sources.” [EX1001, 1:57-62.] An associated problem is that “a float bowl in 


the carburetor that must first fill or empty prior to changeover causes delay in cross-


over switching between the fuel sources.” [EX1001, 1:67-67.] 


76. Given the benefits of a dual-fuel generator, as well as the associated 


drawbacks described in the Background of the Invention section, the ’398 Patent sets 


forth technology that retains the benefits, while minimizing the drawbacks. The 


technology achieves such a balance by using both gaseous and liquid fuels.  The use 


of the two fuel types is achieved with various switches, valves, solenoids, 


microcontrollers, and carburetors that can accept both gaseous and liquid fuel 


sources.   


77. An exemplary configuration of the invention is displayed in Figure 4B 


of the patent, which has been reproduced below for convenience.  The invention 


routes both gasoline and propane from their storage tanks, through valves, into the 


carburetor, and on to the engine. 
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[’398 Patent, Figure 4B.]


78. One embodiment of the dual-fuel carburetor 62 is shown in cross 


sectional form in Figure 6, which has been reproduced below for convenience.


Gasoline flows into the carburetor through liquid fuel line 66, while propane flows 


into the carburetor through gaseous fuel line 70.
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[’398 Patent, Fig. 6 Showing a Cross-Sectional View of a Carburetor 
Embodiment.]


B. Independent Claims of the ’398 Patent


79. Claim 1 of the ’398 Patent is an independent claim reciting:


’398 Patent, Claim 1
Element Claim language
[1.0] A dual fuel engine comprising:
[1.1] an engine operable on a gaseous fuel and a liquid fuel;
[1.2] a switch to change operation of the engine between gaseous 


fuel and liquid fuel;
[1.3] a carburetor attached to an intake of the engine to mix air 


and fuel and connect to a gaseous fuel source and a liquid 
fuel source;


[1.4] a liquid fuel valve positioned along a liquid fuel line 
coupling the liquid fuel source to the carburetor;
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’398 Patent, Claim 1 
Element Claim language
[1.5] a gaseous fuel valve positioned along a gaseous fuel line 


coupling the gaseous fuel source to the carburetor; and
[1.6] a liquid fuel cut-off incorporated into the carburetor to 


interrupt liquid fuel upon actuation of the switch from liquid 
fuel to gaseous fuel.


80. Claim 57 of the ’398 Patent requires the following limitations: 


’398 Patent, Claim 57
Element Claim language
[57.0] A method of assembling a dual fuel engine comprising:
[57.1] providing an engine operable on a gaseous fuel and a liquid 


fuel; 
[57.2] attaching a carburetor to an intake of the engine, the 


carburetor comprising: 
[57.3] a throat to mix gaseous fuel with air and liquid fuel with 


air, 
[57.4] a float bowl, and 
[57.5] a fuel passage extending from the float bowl to the throat to 


provide liquid fuel;
[57.6] coupling a switch to the engine to change operation of the 


engine between gaseous fuel and liquid fuel; and 
[57.7] attaching a liquid fuel cut-off to the carburetor to close the 


fuel passage upon actuation of the switch from liquid fuel to 
gaseous fuel. 


C. Prosecution History of the ’398 Patent 


81. During prosecution of the ’398 Patent, the examiner asserted that U.S. 


Patent Pub. No. 2007/0137591 (“Sugimoto”) teaches “the engine operable on a 


gaseous fuel and a liquid fuel (paragraphs 0085 – 0086 describes a first fuel in liquid 


phase to gas, and a second gas fuel).” [EX1002, 180.] 


82. In response, Patent Owner stated that: 
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Sugimoto actually discloses “[t]he external fuel bottle 71 supplies the 


second fuel gas in gas phase to the fuel gas pressure regulator 62” and 


“[t]he fuel pressure regulator 62 functions as a vaporizer for vaporizing 


the first fuel gas suppled thereto in liquid phase.” Sugimoto, ¶ [0078]. 


Since the first fuel gas is vaporized by the fuel pressure regulator 62, 


the first fuel gas and the second fuel gas are provided in a gaseous form 


to the carburetor 18b. See Id. at ¶ [0071]. As such, the Examiner has 


not shown that Sugimoto discloses an engine operable on a gaseous fuel 


and a liquid fuel.  


[EX1002, 225.] 


VII. OVERVIEW OF THE PRIOR ART 


A. Kubota DF972-E2 Workshop Manual (“Workshop Manual”) 


83. The Workshop Manual describes the Kubota DF972-E2 engine, which 


is an “off road engine” that can run on two different types of fuel.  [EX1012, 10.]  


More specifically, the DF972-E2 engine is a “Vertical, water cooled, 4-cycle Dual 


Fuel (Gasoline/LPG) engine.]  [EX1012, 8.]   


84. The Workshop Manual explains that the engine is supplied by two 


different liquid fuel sources: gasoline and liquid LPG.  The Workshop Manual 


teaches, “[f]or LPG fuel, the liquid fuel stored in the LPG tank (14) is sent to 


vaporizer (10) by pressure in the gaseous phase in the tank” and “[t]he liquid fuel is 


evaporated in [the] vaporizer.” [EX1012, 65.] The Workshop Manual explains that 


a “[v]aporizer is a device which converts the liquid fuel into the gaseous fuel” [id., 
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69] and that, “[w]hen evaporating by primary chamber of vaporizer[,] liquid LPG 


needs the evaporation heat.” [Id., 64.] “The coolant of the engine is made to circulate 


as a heat source to evaporate the LPG.” [Id., 69.]  


85. As described in detail below, liquid propane is transported to the 


vaporizer (10) via a liquid propane line (c). [Id., 65.] The Workshop Manual 


summarizes the purpose of the vaporizer on page 64: “This vaporizer installs the 


water jacket, throws the coolant of engine, heats primary chamber, promotes 


evaporation, and prevents valves being frozen.” From these teachings, a POSITA 


would have understood that the Workshop Manual discloses that LPG tank (14) 


supplies liquid LPG, which is converted to a gaseous state only after passing through 


the vaporizer.   


86. The Workshop Manual’s fuel system is illustrated with the following 


diagram: 
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Fuel System Diagram and Index. [EX1012, 65.]


87. In an attempt to argue that the Workshop Manual teaches a gaseous fuel 


supply, the Petition annotates this diagram in the following manner:
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Petition-Annotated Diagram of the Fuel System. [Pet., 14.]


88. What is important to note in the above diagram is that the fuel in the 


LPG tank flows out of the tank in liquid form, passes through LPG manual valve 


(13) in liquid form, continues to flow in liquid form through the LPG filter (12), as 


well as through the LPG shut off solenoid valve (11).  Through this process, the 


liquid fuel flows through a fuel line identified as the “Liquid Propane Line” (c) 


before entering the Vaporizer (10). 


89. To better understand how the Workshop Manual teaches the use of two 


liquid fuel sources, I have annotated the Fuel System diagram below with clear 


indications of when the fuels are in liquid form (blue) and when they are in a gaseous 


state (red).  
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Fuel System Diagram Annotated to Show Liquid and Gaseous Fuel States.
[Workshop Manual, pg. 65.]


90. As shown above, the Workshop Manual discloses gasoline and LPG 


that are supplied from liquid fuel sources, travel through several components of the 


fuel system in liquid form, and are ultimately converted to a gaseous state for 


combustion.  


91. The process of using two liquid fuels in the Workshop Manual can be 


represented by the process timeline below, depicting liquid fuel in blue and gaseous 
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fuel in red. A POSITA would have recognized that both the gasoline and LPG are 


liquid fuels that get converted to a gaseous state prior to combustion in the engine.


Fuel System Process.


B. JPS61283734A (“Nakafushi”)


92. The Petition states that “Nakafushi discloses an engine configured to 


selectively use gasoline or LPG.” [Pet., 10 (citing EX1005, ¶[0001]).] Nakafushi 


discloses “LPG bomb 16” which a POSITA would have understood comprises an 


on-site LPG tank. [EX1005, ¶[0012].]3


3 Nakafushi refers to numeral 16 as both an “LPG cylinder” and an “LPG bomb.” 


EX1005, ¶[0012] (“LPG bomb 16 as an LPG supplying means by an LPG supplying 


passage 13 via a vaporizer 14 for vaporizing LPG”); ¶[0013] (“LPG supplying 


means (LPG bomb) 16 is operated to switch so as to supply LPG”); see also 


¶¶[0016], [0021]. 
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93. Much like the Workshop Manual, Nakafushi’s LPG cylinder 16 is a 


source of liquid fuel that is subsequently vaporized by a vaporizer. Thus, at various 


points in the Nakafushi system, the LPG is either liquid or gaseous.


94. In order to argue that Nakafushi uses a gaseous fuel, the Petition 


annotates Nakafushi’s fuel system diagram in Figure 1, but does not distinguish 


between the liquid and gaseous LPG, as shown below.


[Pet., 16 (citing EX1005, Fig. 1).]


95. In the diagram above, the Petitioner has shown the liquid LPG fuel in 


the same color as the gaseous LPG.  In order to clearly show the system’s use of 
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liquid fuel, I have annotated the liquid fuel sections in a common blue color in the 


figure below. Additionally, when the LPG is converted to its gaseous state by the 


vaporizer, I have indicated that phase change by showing the outflow in red. 


[EX1005, Fig. 1. Annotated to Show Liquid and Gaseous Fuel States.]


96. A POSITA would have understood that LPG bomb 16 supplies liquid


LPG to filter 15, through LPG cut valve 18, and into vaporizer 14, which then 


converts the LPG into gaseous form. [EX1005, ¶[0012] (“LPG bomb 16 as an LPG 


supplying means by an LPG supplying passage 13 via a vaporizer 14 for vaporizing 


LPG”).] The function of the vaporizer is to convert the liquid LPG into a gaseous 
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state so it may be properly combusted by the engine. The vaporizer 14 is designed 


to receive the liquid LPG and heat the liquid to its boiling point. 


97. The process of using two liquid fuels in Nakafushi can be represented 


by the process timeline below, depicting liquid fuel in blue and gaseous fuel in red. 


A POSITA would have recognized that both the gasoline and LPG are liquid fuels 


that get converted to a gaseous state prior to combustion in the engine.


Fuel System Process.


98. Nakafushi also discloses numerous additional components such as LPG 


mixer 7, gasoline cut valve 17, LPG cut valve 18, filters 10 and 15, pump 9, and fuel 


switching switch 19.  These teachings demonstrate that Nakafushi discloses a 


combustion engine which is less compact, heavier, and more complex than a typical 


internal combustion engine used in portable electric generators. [EX1005, Fig. 1; 


¶¶[0011]-[0013].]
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C. U.S. Patent No 1,931,698 (“Holzapfel”)  


99. Holzapfel was filed March 30, 1931, and discloses a fuel system for 


internal combustion engines that can operate on traditional gasoline, as well as a 


“low boiling point fuel.” [Holzapfel, 2:139-140.] Holzapfel is directed at 


applications where an “engine is employed for the purpose of driving a motor 


vehicle.” [Holzapfel, 1:23-24.]  Holzapfel claims its invention is advantageous 


because “on a cold morning, or with a cold motor, it would be preferable to use the 


low boiling point fuel in tank 16 to start the motor.” [Holzapfel, 1:130-133.]  


100. More specifically, Holzapfel “relates to fuel systems for internal 


combustion engines, and has particular reference to a fuel system embodying the 


supplying of liquid fuel and gaseous fuel to an engine in alternation at will.” 


[EX1009, 1:1-5.] With respect to the gaseous fuel system, Holzapfel explains: 


I propose to add an additional fuel supply system employing a normally 


gaseous fuel, this system comprising a fuel supply tank 16 in which 


normally gaseous fuel is compressed and thereby maintained in 


liquified condition. From tank 16 there extends a suitable gaseous fuel 


supply tube 17 extending to the bottom of the tank 16, so as to draw off 


the liquid and not gas. 


[EX1009, 2:8-15 (emphasis added).] 


101. Holzapfel’s “low boiling point fuel” and gasoline fuel paths are 


depicted in the annotated figure, below, wherein the states of the two fuels are 
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colored blue when they are in the liquid state and red when they have been converted 


to a gaseous state.  Note that both the gasoline tank 15 and the tank for the “normally 


gaseous fuel” tank 16 supply liquid fuel into the system.  


[EX1009, Fig. 1 (annotated).]


VIII. PERSON OF ORDINARY SKILL IN THE ART


102. The Petitioner proposed that a person of ordinary skill in the art 


(“POSITA”) at the time of the alleged invention of the ’398 Patent “would have a 


degree in mechanical engineering, physics, materials science, or related fields, and 


three years of work experience in combustion engines.” [Pet., 9.] Petitioner also 


states that “[a]dditional higher graduate education could substitute for work 
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experience, and additional work experience/training could substitute for formal 


education.” [Id.] 


103. I disagree with this proposed definition.  As an initial matter, I note that 


Petitioner has provided virtually no justification for its proposal, which appears to 


rest on its expert’s summary conclusion provided in his declaration. As such, it is 


my understanding that it should be given little consideration.  In contrast, I provide 


a detailed analysis and justification for my proposed definition below.  


104. I understand a POSITA is determined by looking at, among other 


factors, (1) the educational level of the inventor, (2) the type of problems 


encountered in the art, (3) prior art solutions to those problems, (4) the rapidity with 


which innovations are made, (5) the sophistication of the technology, and (6) the 


educational level of active workers in the field. I understand these factors are not 


exhaustive, but are merely a guide to determining the level of ordinary skill in the 


art. For example, the claimed subject matter can be compared to subject matter that 


is typically taught in the relevant engineering curricula to provide guidance as to 


what would constitute appropriate educational requirements for a person of ordinary 


skill in the art. 


105. In light of these considerations, as explained further below, a POSITA 


pertinent to the ’398 Patent would have a four-year degree in mechanical engineering 


or a closely related field and at least one year of experience designing, developing, 
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servicing, or operating fuel-powered machinery. Additional education could 


substitute for professional experience, and significant work experience—such as 


working with, servicing, or operating such machinery in the field—could substitute 


for formal education. 


106. The ’398 Patent describes technology at a level that someone with the 


above education and work experience would understand. A POSITA, as described 


above, would understand the different mechanical components and functionality of 


fuel-powered machinery that are required to practice the claims of the ’398 Patent. 


They would have gained this understanding from either developing the components 


and control systems for such machines, or from servicing and operating such 


machinery in the field, which frequently requires knowledge of the machines to 


perform maintenance and repairs consistent with the requirements of operator 


manuals. Indeed, service manuals for such machinery assume that the reader is 


familiar with the mechanical components and control systems and how they work, 


at least at the level described in the ’398 Patent. 


107. As mentioned above, I often find it useful to compare the claimed 


subject matter to the subjects taught in engineering curricula. This comparison helps 


guide the selection of the formal educational requirements. My requirement of a 


four-year degree in mechanical engineering or a closely related field is based on my 


experience teaching mechanical engineering students for more than 25 years. The 
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material taught to mechanical engineering students covers the subject matter of the 


claims of the ’398 Patent. For example, in the sophomore-level design class at 


Georgia Tech students learn how to use a processor and sensors to control the actions 


of an automated machine that includes pneumatic actuators controlled by electro-


mechanical valves. The ultimate power source for the pneumatics is a pressured air 


tank whose fluid output goes through a regulator. The students utilize quick-connect 


hose couplings to connect the various components of their pneumatic systems. 


108. During their senior year, mechanical engineering students complete a 


capstone design project wherein they usually design, construct, and demonstrate a 


prototype product. Such prototypes often utilize switches, valves, and various 


mechanical assemblies. Therefore, mechanical engineering students would be able 


to practice most of the claimed features, as well as understand how those features 


would be combined and operate. 


109. The ’398 Patent also includes components involving delivery of liquid 


and/or gas to the engines. The detailed components of such systems, like carburetors 


comprising float bowls, are not usually taught at the undergraduate level. Therefore, 


my proposed definition of a POSITA includes the requirement of one year of 


experience designing, developing, servicing, or operating fuel-powered machinery, 


or in the alternative, substantial work experience in the field.  
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110. I am very familiar with the technology described in the ’398 Patent. As 


of the earliest priority date of the ’398 Patent, and well before, I qualified as a 


POSITA under either parties’ proposed definition. My opinions in this declaration 


are not impacted by the use of Petitioner’s proposed definition or Patent Owner’s 


proposed definition of a POSITA.  


IX. CLAIM CONSTRUCTION 


111. I have reviewed the claims, specification, and file history of the ’398 


Patent.  


112. I have been informed that in an IPR proceeding, only terms that are in 


controversy need to be construed and only to the extent necessary to resolve the 


controversy.  In all cases, I have applied the ordinary and customary meaning of 


claim terms, as understood by a POSITA, in my analysis provided herein.  


X. CLAIMS 1-17, 19-22, AND 57-58 OF THE ’398 PATENT ARE NOT 
INVALID 


113. The Petition alleges nine (9) separate grounds in its invalidity 


challenges.  In this section I address the grounds related to Claims 1-17, 19-22, and 


57-58 of the ’398 Patent. 


A. Ground 1: The ’398 Patent is Not Anticipated by the Workshop 
Manual 


114. The Petition alleges that Claims 1, 3, 22, and 57 of the ’398 Patent 


claims are anticipated by the Workshop Manual.  However, this allegation fails for 
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at least the reasons that the Workshop Manual fails to teach: i) a liquid fuel source 


and a gaseous fuel source, ii) a gaseous fuel valve positioned along a gaseous fuel 


line, and iii) attaching a liquid fuel cut-off to the carburetor.  I address the failures 


of the Workshop Manual on a limitation-by-limitation basis below. 


1. Claim 1 


115. Claim 1 of the ’398 Patent recites a “dual fuel engine” separately 


comprising (1) “an engine operable on a gaseous fuel and a liquid fuel,” (2) “a liquid 


fuel valve positioned along a liquid fuel line coupling the liquid fuel source to the 


carburetor,” (3) “a gaseous fuel valve positioned along a gaseous fuel line coupling 


the gaseous fuel source to the carburetor,” and (4) “a carburetor attached to an intake 


of the engine to mix air and fuel and connect to a gaseous fuel source and a liquid 


fuel source.” [EX1001, Cl. 1.] 


116. Thus, a POSITA would have understood Claim 1 distinctly claimed the 


state of the fuel (i.e., gaseous or liquid) at three separate locations: the source of the 


fuel, the fuel line, and the engine.  


117. Specifically, the claims separately recite a gaseous fuel source, a 


gaseous fuel line coupling the gaseous fuel source to the carburetor, and an engine 


operable on gaseous fuel. Figure 4B of the ’398 Patent (reproduced below) depicts 


a gaseous fuel source (Propane Tank 68), a gaseous fuel line (Second Fuel Line 70) 


and an engine operable on gaseous fuel (Engine 60). 
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[EX1001, Fig. 4B]


118. Likewise, the claims separately recite a liquid fuel source, a liquid fuel 


line coupling the liquid fuel source to the carburetor, and an engine operable on 


liquid fuel. Figure 4B of the ’398 Patent (reproduced below) depicts a liquid fuel 


source (Gasoline Tank 32), a liquid fuel line (First Fuel Line 66) and an engine 


operable on liquid fuel (Engine 60).
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[EX1001, Fig. 4A]


119. One of Petitioner’s own exhibits teaches that one of the functions of a 


carburetor is the evaporation of gasoline. [EX1006, 7.] Specifically:


Liquid gasoline will not support rapid combustion without being 


changed to a mist or broken down or atomized into tiny drops. When 


liquid gasoline is introduced to the venturi, it is gasified by its collision 


with the rapidly moving air mass. The atomized fuel then flows to the 


intake manifold where the pressure is low, and any remaining liquid 


gasoline evaporates further. Vaporization is finally completed with the 


heat generated by the compression of the air-fuel mixture in the 


cylinder.


120. In light of this teaching (i.e., that liquid fuel is atomized, and partially 


vaporized in the carburetor, further vaporized in the intake manifold, and completely 


vaporized in the cylinder), a POSITA would have understood that the “operable on” 
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requirement of Element [1.1] would have referred to the state of the fuel when it 


reaches the carburetor/engine. Therefore, a POSITA would have understood that an 


engine is “operable on” liquid fuel as claimed by the ’398 Patent liquid fuel even if 


the fuel is partially vaporized in the carburetor, intake manifold, or cylinder. 


121. This is consistent with the prosecution history of the ’398 Patent. 


122. During prosecution of the ’398 Patent, the examiner asserted that U.S. 


Patent Pub. No. 2007/0137591 (“Sugimoto”) teaches “the engine operable on a 


gaseous fuel and a liquid fuel (paragraphs 0085 – 0086 describes a first fuel in liquid 


phase to gas, and a second gas fuel).” [EX1002, 180.] 


123. In response, Patent Owner stated that: 


Sugimoto actually discloses “[t]he external fuel bottle 71 supplies the 


second fuel gas in gas phase to the fuel gas pressure regulator 62” and 


“[t]he fuel pressure regulator 62 functions as a vaporizer for vaporizing 


the first fuel gas suppled thereto in liquid phase.” Sugimoto, ¶ [0078]. 


Since the first fuel gas is vaporized by the fuel pressure regulator 62, 


the first fuel gas and the second fuel gas are provided in a gaseous form 


to the carburetor 18b. See Id. at ¶ [0071]. As such, the Examiner has 


not shown that Sugimoto discloses an engine operable on a gaseous fuel 


and a liquid fuel.  


[EX1002, 225.] 
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124. However, not only does the ’398 Patent claim the state of the fuel at the 


carburetor/engine—it also claims the state of the fuel (1) at the fuel “source” and (2) 


in an intervening “line.” 


Element [1.3]: “a carburetor attached to an intake of 
the engine to mix air and fuel and connect to a gaseous 
fuel source and a liquid fuel source”


125. The Workshop Manual does not disclose “a carburetor attached to an 


intake of the engine to mix air and fuel and connect to a gaseous fuel source and a 


liquid fuel source.”


126. Specifically, the Workshop Manual does not disclose a “gaseous fuel 


source.”


127. As discussed above, the Workshop Manual describes a dual fuel engine 


that draws fuel from two different liquid sources: Gasoline Tank (6) and LPG Tank 


(14). [See § VII.A, above.]


128. Petitioner explicitly maps the claimed liquid and gaseous fuels sources 


to Gasoline Tank (6) and LPG Tank (14). [Pet., 28 (“The Workshop manual 


discloses that the carburetor connects to a LPG tank (gaseous fuel source) and a 


gasoline tank (liquid fuel source).”).]


129. Petitioner’s annotations to the fuel system described in the Workshop 


Manual are reproduced below.
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[Pet., 31 (annotations in original).]


130. However, the Workshop Manual explicitly teaches that LPG Tank (14) 


is a source of liquid fuel, not gaseous fuel. [EX1012, 65 (“For LPG fuel, the liquid 


fuel stored in the LPG tank (14) is sent to vaporizer (10)”) (emphasis added).]


Contrary to Petitioner’s representations, LPG is liquid fuel when leaving the fuel 


source, and only becomes gaseous fuel after passing through the vaporizer, as 


depicted by the below annotated figure:
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[EX1012, 65 (annotated).]


131. The relative state of the Gasoline and LPG can be appreciated more 


simply by considering the fuel system process timeline below, depicting liquid fuel 


in blue and gaseous fuel in red.  The diagram shows the liquid gasoline being 


supplied to the carburetor, which then atomizes the gasoline and provides it to the 


engine.  The liquid LPG is vaporized into a gaseous state by the vaporizer, and then 


passed through the carburetor to provide it to the engine.  


Champion - EX2133, Page 62 of 111 
Generac Power Systems, Inc. v. Champion Power Equip., Inc. 


IPR2025-01271







Case No. IPR2025-01271
U.S. Patent No. 10,697,398


63


Fuel System Process.


132. As explained in the prosecution history, the fact that the liquid fuel in 


the LPG tank is converted to its gaseous state prior to reaching the carburetor is 


pertinent for addressing Element [1.1] (“an engine operable on a gaseous fuel and a 


liquid fuel”). However, that fact would not have led a POSITA to have understood 


that the LPG tank was a gaseous fuel source. Rather, a POSITA would have viewed


both the Gasoline Tank (6) and LPG Tank (14) as liquid fuel sources which supply 


liquid fuels that get converted into a gaseous state at subsequent points in the process.


133. As further evidence that the Workshop Manual does not disclose a 


gaseous fuel source, the presence of the vaporizer actually precludes LPG Tank (14) 


from being considered a “gaseous fuel source.” For example, if an LPG tank was 


used improperly such that LPG vapor exited the LPG tank and was sent to the 


vaporizer, then the vaporizer could not function properly to generate an 


appropriately-rich fluid flow into the carburetor.  In such a case, the engine would 
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die.  In fact, this is exactly what happens when the LPG tank runs out of liquid LPG.  


Therefore, the Workshop Manual does not disclose Element [1.3].  


134. I note that the Petition attempts to distinguish the liquid propane in the 


LPG tank from the liquid gasoline by stating, “While tank (14) contains LPG in both 


liquid and vapor form, the Workshop Manual explains ‘[t]he liquid fuel is 


evaporated in vaporizer and is sent to the DF [dual fuel] carburetor (8) as a gaseous 


fuel.’” [Pet., 23-24.] However, the mere fact that the liquid fuel is vaporized before 


reaching the carburetor has no impact on its state at the source.  


135. In fact, virtually the same could be said about the gasoline fuel: 


Gasoline tank (6) contains gasoline in both liquid and vapor form, but the gasoline 


is atomized and vaporized prior to combustion.  Therefore, the fact that liquid fuels 


are stored in tanks that are not completely full at all times, (and therefore necessarily 


contain some amount of fuel vapor), is irrelevant to the question of whether or not a 


POSITA would have considered the fuel source to be a gaseous fuel source.   


136. A POSITA would have considered a fuel source to be a gaseous fuel 


source only if it was the source of gaseous fuel. Conversely, LPG Tank (14) is a 


source of liquid fuel, and is therefore not a gaseous fuel source. 
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Element [1.5]: “a gaseous fuel valve positioned along a 
gaseous fuel line coupling the gaseous fuel source to the 
carburetor”


137. The Workshop Manual does not disclose “a gaseous fuel valve 


positioned along a gaseous fuel line coupling the gaseous fuel source to the 


carburetor.”


138. Petitioner identifies “Gaseous Propane Line (b)” as the alleged 


“gaseous fuel line.” [Pet., 30-31.]


139. Petitioner likewise identifies the Workshop Manual’s “LPG Cut Off 


Solenoid” (alternatively identified by numeral “(7)” on p. 65 and “(3)” on p. 68) as 


the alleged “gaseous fuel valve positioned along a gaseous fuel line.” [Pet., 30-31.]


140. Gaseous Propane Line (b) consists of a black fuel line, and is depicted 


attaching to the carburetor (metallic) upstream of the LPG Cut Off Solenoid in the 


annotated figure, below. [EX1012, 115.]
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[EX1012 (Workshop Manual) at p. 115 (annotated).]


141. Petitioner’s annotations identifying the alleged “gaseous fuel line” and 


“gaseous fuel valve” provide further clarity regarding the relationship between 


Gaseous Propane Line (b) and the LPG Cut Off Solenoid, and are reproduced below:
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[Pet., 31 (annotations in original).]


142. Specifically, Petitioner’s annotations make clear that LPG Cut Off 


Solenoid (7) is not located along Gaseous Propane Line (b). Rather, Gaseous 


Propane Line (b) is attached to the hose barb depicted at the top right of the below 


diagram (below, left), and secured with a clip (below, right). Petitioner’s expert (Dr. 


Morse) testified that this was a common way to secure a fuel line. [EX2127 (Morse 


Depo. Tr.) at 109:11-110:8 (“It’s common to have a hose barb on the tank and then 


an elastomeric fuel line that attaches to the barb, and typically with a clip to secure 


it.”).] A “clip” is depicted in silver below, and is immediately adjacent Gaseous 


Propane Line (b) (black). 
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[Pet., 31 (annotations in original) (left); EX1012 (Workshop Manual) at p. 115 
(annotated) (right).]


143. As shown, Petitioner identifies the LPG Cut Off Solenoid as being 


located on the “gaseous fuel path,” which (while true) is irrelevant when analyzing 


specific claim limitations requiring the valve be located along the gaseous fuel line. 


Based on Petitioner’s annotated figure, LPG Cut Off Solenoid (3) is located after 


Gaseous Propane Line (b), with several intervening components that gaseous fuel 


passes through located between LPG Cut Off Solenoid (3) and Gaseous Propane 


Line (b). Those intervening components are highlighted in green, in the annotated 


figure below.
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[EX1012, 68 (annotated).]


144. As further evidence, Petitioner’s analysis of Element [1.4] (requiring “a 


liquid fuel valve positioned along a liquid fuel line”) is instructive.


145. There, Petitioner identified the Workshop Manual’s “Gasoline Cock 


(5)” as the claimed “liquid fuel valve” and “Gasoline Line (a)” as the claimed “liquid 


fuel line.” [Pet., 29.] Petitioner’s annotations are reproduced below:
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[Pet., 30 (annotations in original).]


146. Unlike LPG Cut Off Solenoid (7) (identified with respect to Element 


[1.5]), Gasoline Cock (5) is clearly positioned along the alleged liquid fuel line. For 


example, the alleged fuel line continues both upstream and downstream of the 


alleged fuel valve.


147. A similar configuration is also found with respect to the Workshop 


Manual’s “LPG Shut Off Solenoid Valve (11)” which is positioned along “Liquid 


Propane Line (c).” [EX1012, 65.] As shown above, on the right side of Petitioner’s 


annotated diagram, the liquid propane line again continues both upstream and 


downstream of the alleged fuel valve.
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148. Conversely, LPG Cut Off Solenoid (7) identified with respect to this 


element is located entirely downstream of Gaseous Propane Line (b), with other 


intervening components positioned between Gaseous Propane Line (b) and LPG Cut 


Off Solenoid (7).


149. For at least the reasons set forth above, the Workshop Manual does not 


disclose Element 1.5 (“a gaseous fuel valve positioned along a gaseous fuel line 


coupling the gaseous fuel source to the carburetor.”).


2. Claims 3, 22


150. Claims 3 and 22 depend from Claim 1, and are therefore not invalid for 


the same reasons.


3. Claim 57


Element [57.7]: “attaching a liquid fuel cut-off to the 
carburetor to close the fuel passage upon actuation of 
the switch from liquid fuel to gaseous fuel”


151. The Workshop Manual does not disclose “attaching a liquid fuel cut-


off to the carburetor to close the fuel passage upon actuation of the switch from 


liquid fuel to gaseous fuel.”


152. The Petition’s purported analysis with respect to Element [57.7] merely 


incorporates by reference §VII.A.1.g (referring to Element [1.6] (“a liquid fuel cut-


off incorporated into the carburetor to interrupt liquid fuel upon actuation of the 


switch from liquid fuel to gaseous fuel”)). [Pet., 41.]
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153. Elsewhere, Petitioner argues that “[i]t is inherent that the components 


of the DF972 engine were assembled to form the engine, as their integration into a 


functional system necessitates assembly steps.” [Pet., 35.] 


154. However, Petitioner explicitly argues that the Workshop Manual’s 


“Gasoline Cut Off Solenoid is incorporated into the carburetor.” [Pet., 33.] Neither 


the Petition, Dr. Morse’s declaration, nor the Workshop Manual itself include any 


explicit disclosure of “attaching” the Gasoline Cut Off Solenoid to the carburetor.  


B. Ground 2: The ’398 Patent is Not Obvious Over the Workshop 
Manual in View of Matsushima, Yamamoto, and Olmr 


155. Claims 2, 4-14, and 19-21 depend from Claim 1. Ground 2 does not 


provide any additional analysis with respect to Claim 1. As such, these claims are 


not invalid for the same reasons as Claim 1. 


156. Similarly, Claim 58 depends from Claim 57. Ground 2 does not provide 


any additional analysis with respect to Claim 57. As such, Claim 58 is not invalid 


for the same reasons as Claim 57. 


157. Additional analysis with respect to specific dependent claims is 


addressed below. 
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1. Claim 2: “The dual fuel engine of claim 1, wherein the engine 
is a pull start, batteryless engine.” 


158. The Workshop Manual (alone or in view of Matsushima) does not 


disclose or otherwise render obvious “The dual fuel engine of claim 1, wherein the 


engine is a pull start, batteryless engine.” 


159. Petitioner concedes that the Workshop Manual discloses a DF972 


engine with a battery start (as opposed to a pull start) and argues that a POSITA 


“would have found it obvious to incorporate Matsushima’s recoil-starter 40 with the 


DF972 engine.” [Pet., 41.] Specifically, Petitioner argues for replacing the battery 


start with a pull start. [Pet., 41 (arguing that a POSITA would have found it obvious 


to “incorporate a pull-start to start the DF972 engine in place of the battery.”).] 


160. However, the Petition lacks sufficient motivation to replace the battery 


start with a pull start.  


161. Specifically, Petitioner makes two statements regarding the alleged 


motivation for replacing the Workshop Manual’s pull start with Matsushima’s recoil 


starter. First, Petitioner argues that “[i]ncorporating a pull-start into the Workshop 


Manual’s dual-fuel engine would improve reliability in cold or remote applications 


and reduce costs.” [Pet., 41.] 


162. However, Petitioner’s arguments are conclusory, and there is no 


evidentiary support in either the Petition or Dr. Morse’s declaration that replacing 
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the Workshop Manual’s battery start system with a pull start would improve its 


reliability in cold or remote applications, or otherwise reduce costs. Moreover, given 


that the Workshop Manual relies on powered solenoid valves for many applications, 


it is unclear how removing the battery (which is used to power those valves) would 


reduce costs, much less result in a functional device.  


163. Second, Petitioner argues that “Matsushima provides a blueprint for 


implementing a recoil starter on an engine of similar displacement and layout.” [Pet., 


41.] 


164. However, Petitioner does not provide any support for its implication 


that Matsushima and the Workshop Manual disclose “engine[s] of similar 


displacement and layout.” [Pet., 41.] Matsushima teaches that its “invention relates 


to a fuel injection system for an internal combustion engine for supplying fuel to an 


intake system thereof, and more particularly to an electronically-controlled fuel 


injection system of this kind which is adapted for use in small-sized engines 


equipped with no battery.” [EX1029, 1:6-11 (emphasis added).] U.S. Patent No. 


3,465,740 (cited by Matsushima as an appropriate “known type” of recoil starter) 


provides further guidance, referring “particularly to rewind type pull-rope starters 


for small internal combustions engines such as those commonly employed to power 


lawn mowers, garden tractors, snow blowers and the like.” [EX1029, 4:63-68; see 


also EX2128 (U.S. Patent No. 3,465,740), 1:36-40.] 
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165. The Workshop Manual discloses a 962cc engine. [EX1012, 8.] 


Petitioner’s expert (Dr. Morse) testified that a 962cc engine such as the engine 


disclosed by the Workshop Manual “would be a large engine” “[i]f you use it on a 


lawn mower.” [EX2127 (Morse Depo. Tr.) at 130:9-131:15.] A POSITA would have 


understood that a 962cc engine would have been substantially more difficult to start 


with a pull-starter than the smaller engines contemplated by Matsushima.  


166. For example, a POSITA would have understood that the typical engine 


for a lawn mower, garden tractor, snow blower, or similar device in 1990 


(Matsushima’s priority date) would have been smaller than the Workshop Manual 


by a large factor. [See e.g., EX2130 (U.S. Patent No. 4,707,017) at 5:7-18 (referring 


to motorcycle engines over 170 cubic centimeters as “relatively large”).] 


167. As an additional example, the Workshop Manual discloses a water-


cooled engine. [EX1012, 8.] Therefore, the pull start would have needed to turn the 


water pump in addition to the engine itself, significantly increasing the difficulty of 


pull-starting the DF972 engine. 


168. Petitioner’s conclusory analysis of the purported motivation to combine 


the Workshop Manual and Matsushima is particularly deficient in light of Dr. 


Morse’s deposition testimony. There, Dr. Morse repeatedly emphasized that the 


particular characteristics of an engine are incredibly relevant when analyzing the 


operation of said engine. [EX2127 (Morse Depo. Tr.) at 50:17-51:8 (agreeing that 
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“the decision of how to configure the transfer piping and all the associated equipment 


is dictated by the specific application”); 67:2-9 (“[t]he specific problems that could 


arise [from drawing liquid propane instead of gaseous propane] would depend on 


the specific engine being evaluate and the specific configuration”); 121:6-15 


(increased fuel pressure may or “may not be an advantage in all cases, depending on 


how you’ve configured everything”); 122:15-123:3 (“the particular mass flow rate 


of fuel is dictated by the specific configuration of the engine” and “the fluid 


properties of the fuel and the configuration of the tank where the fuel is stored and 


the configuration of the fuel line from the tank to the engine”); 176:4-13 (“certainly 


the working fluid is something that is taken into account when designing a piping 


system”)].  


169. In light of Dr. Morse’s repeated emphasis on specific engine 


characteristics and applications, his conclusory assertion of a motivation to combine 


based on “similar displacement and layout” is particularly deficient, especially 


where he provided no evidence that the engines in question actually had a “similar 


displacement.” 


170. Finally, Petitioner’s analysis of a reasonable expectation of success is 


deficient, at least because it does not account for the difficulties in adding a pull start 


to a large, water-cooled engine. For example, Petitioner has not introduced any 


evidence to establish that an operator would physically be able to start a 962cc water-
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cooled engine using a pull start. My opinion, based on at least i) my education and 


experience as a POSITA, ii) my understanding of the forces required to force an 


engine revolution and initiate a compression/ignition cycle while manually 


activating a dry water pump, and iii) my many years of pull-starting lawn mowers, 


chainsaws, and the like, is contrary to this suggestion. It would be, at minimum, very 


difficult to pull start the large, water-cooled engine presented in the Workshop 


Manual.  


171. Additionally, pull start engines often require priming the engine with 


fuel and choking the air flow. However, Petitioner’s proposed combination removes 


both the battery and electric start system from the Workshop Manual’s engines, and 


the Workshop Manual does not disclose a manual choke or any mechanism to 


manually prime the engine. As such, a POSITA would not have understood the 


Workshop Manual’s engine to be operable with a pull start. For these reasons, 


Petitioner’s proposed motivation to combine and reasonable expectation of success 


analysis is not sufficient to render Claim 2 obvious.  


2. Claim 4: “The dual fuel engine of claim 1, wherein the engine 
is a pull-start engine having an electrical power generator to 
supply electrical power”  


172. The Workshop Manual (alone or in view of Matsushima) does not 


disclose or otherwise render obvious “The dual fuel engine of claim 1, wherein the 
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engine is a pull-start engine having an electrical power generator to supply electrical 


power.” 


173. Once again, Petitioner argues that a POSITA would have found it 


“obvious to combine Matsushima’s recoil-starter assembly with the [Workshop 


Manual’s] DF972 engine.” [Pet., 43.] However, Petitioner does not identify a 


motivation to combine Matsushima’s recoil-starter assembly with the Workshop 


Manual’s DF972 engine. Instead, Petitioner incorporates its analysis with respect to 


“§VII.B.1” (referring to Claim 2).  


174. However, as discussed above, Petitioner’s analysis with respect to 


Claim 2 refers to replacing the Workshop Manual’s battery start (and battery) with 


Matsushima’s recoil-starter assembly. [See Claim 2 (“wherein the engine is a pull 


start, batteryless engine”); Pet., 41 (arguing that a POSITA would have found it 


obvious to “incorporate a pull-start to start the DF972 engine in place of the 


battery.”).] Therefore, the Petition does not include any analysis of a motivation to 


combine Matsushima’s recoil-starter assembly with the Workshop Manual’s DF972 


engine (rather than install the recoil-starter assembly instead of the Workshop 


Manual’s battery). Likewise, the Petition does not include any analysis of a 


reasonable expectation of success regarding the same. 


175. Moreover, Petitioner’s incorporated motivation to combine analysis is 


deficient for the same reasons as discussed with respect to Claim 2 (i.e., it relies on 
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conclusory statements, lacks evidentiary support, and is contradicted by the record 


evidence). [See §X.B.1, above.] 


176. Finally, there is no expectation of success for the proposed 


combination. In fact, it is my opinion, based on my experience with pull-start 


engines, that at POSITA would have expected failure when attempting the proposed 


combination. 


3. Claims 5-14 


177. Claims 5-14 depend from Claim 4, and are therefore not invalid for the 


same reasons. 


178. Additional analysis with respect to specific dependent claims is 


addressed below. 


4. Claim 8: “The dual fuel engine of claim 6, wherein the 
solenoid valve is normally open to provide liquid fuel to the 
engine when the solenoid valve is unpowered” 


179. The Workshop Manual (alone or in view of Matsushima and/or Olmr) 


does not disclose or otherwise render obvious “The dual fuel engine of claim 6, 


wherein the solenoid valve is normally open to provide liquid fuel to the engine when 


the solenoid valve is unpowered.” 


180. The “solenoid valve” referred to in Claim 8 is the “liquid fuel cut-off.” 


[EX1001, Cl. 6.] 
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181. Petitioner concedes that the “liquid fuel cut-off” allegedly disclosed by 


the Workshop Manual is normally closed. [Pet., 44 (“The Gasoline Cut Off Solenoid 


is normally closed”).] Therefore, the Workshop Manual alone does not disclose this 


limitation. 


182. Instead, Petitioner argues that it “would have been obvious to a POSA 


to use a normally-open solenoid, instead” of the Workshop Manual’s Gasoline Cut 


Off Solenoid. [Pet., 44; see also Pet., 46 (arguing a POSITA “would have been 


motivated to use Olmr’s normally-open solenoid rather than a normally-closed 


solenoid based on the express teachings of Olmr.”).] 


183. According to Petitioner, a normally-open solenoid is preferred because 


(1) “many small engines do not utilize a battery or other source of power for 


starting,” and (2) “should the valve control circuit fail, the spool valve plunger 45 


will fail in the normally open position allowing continued operation of the engine.” 


[Pet., 46 (citing EX1007, 3:43-53).] As discussed above, Petitioner’s motivation to 


combine analysis is deficient at least because it failed to consider specific 


characteristic(s) of the engines in question, which Petitioner’s expert repeatedly 


emphasized is important. [See §X.B.1, above.] 


184. Moreover, as explained in additional detail below, Petitioner’s 


proposed motivations are not applicable to the DF972 engine disclosed by the 


Workshop Manual. Specifically, Petitioner has not established that the DF972 
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engine is a “small” engine, as contemplated by Olmr, and thus, has failed to establish 


that Olmr’s stated motivation is applicable to the DF972 engine. In fact, Olmr 


teaches that it is applicable for “[s]mall internal combustion engines, such as those 


used to power lawn and garden equipment.” [EX1007, 1:10-11.] As discussed above, 


a POSTIA would have understood these types of engines to be much smaller than 


those disclosed in the Workshop Manual. [See §X.B.1, above.] Conversely (and as 


explained above), the Workshop Manual discloses a much larger and more complex 


engine that includes a water cooling system and a vaporizer. [See §X.B.1, above.]  


185. Similarly, the DF972 engine disclosed by the Workshop Manual does 


“utilize a battery or other source of power for starting,” thus explicitly rendering 


Olmr’s stated motivation inapplicable. [EX1012, 8, 76-80 (referring to the 


Workshop Manual’s battery and electrical system).]  


186. Moreover, Olmr does not relate to a dual fuel engine. As Petitioner 


previously acknowledged, the Workshop Manual discloses a fuel select switch (8) 


which determines whether current flows to the gasoline cut off solenoid (6) or the 


LPG cut off solenoid (3):  


With the fuel select switch (8) in the "GASOLINE" position "D" and 


the main switch in the "ON" position, the battery current flows to the 


gasoline cut off solenoid (6). Therefore gasoline fuel in the float 


chamber flows to the mixing chamber.  
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When the fuel select switch (8) is turned to the "LPG" position "E", the 


battery current stops to the gasoline cut off solenoid (6) and flows to 


the LPG cut off solenoid (3) and LPG shut off solenoid valve (9).


…


When the main switch (7) turned to the "OFF" position, the battery 


current stops to the both of solenoids.


[EX1012, 68; see also Pet., 24-25.]


187. Petitioner’s annotations of the pertinent Workshop Manual figures


(which detail which valve(s) are impacted by which position(s) of Fuel Select Switch 


(8)), are reproduced below:


[Pet., 25 (citing EX1012, 68).]


188. Given the overall structure and layout of the Workshop Manual’s 


switching system, replacing the Gasoline Cut Off Solenoid with a normally-open 
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solenoid (as allegedly suggested by Olmr) would render the resulting device 


inoperable.  


189. The Workshop Manual teaches that “[w]hen the main switch (7) turned 


to the ‘OFF’ position, the battery current stops to the both of solenoids.” [EX1012, 


68.] Under Petitioner’s proposed combination, turning the main switch to “off” 


would result in stopping current to the (now) normally-open Gaseous Cut Off 


Solenoid, resulting in the solenoid opening and allowing gasoline to flow into the 


carburetor. This is precisely the opposite of the desired result (i.e., no fuel reaches 


the carburetor when the switch is “off”).  


190. Petitioner does not explicitly address this deficiency. Presumably, 


Petitioner will argue that its conclusory assertion that the proposed combination 


“would have involved a simple substitution and a rewiring of the DF972’s switch” 


is sufficient to resolve this deficiency. However, Petitioner does not explain at any 


point what the proposed “rewiring” entails. In fact, generically asserting that a 


POSITA would have been able to “rewire” the prior art to match the configuration 


disclosed by the challenged patent—without any explicit disclosure of the “rewired” 


configuration—is the very definition of hindsight.  


191. Regardless, the Workshop Manual’s inoperable “Off” switch is not the 


only issue caused by Petitioner’s proposed combination. The Workshop Manual’s 


“Fuel Select Switch” identified by Petitioner as allegedly anticipating Element 1.2 
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(Pet., 24-25) operates by directing current either to the LPG Cut Off Solenoid or the 


Gasoline Cut Off Solenoid, both of which are normally closed in the configuration 


disclosed by the Workshop Manual. [EX1012, 68.] Petitioner’s proposed 


combination suggests replacing the Workshop Manual’s Gasoline Cut Off Solenoid 


with a normally open solenoid. [Pet., 44.] However, this also renders the DF972 


Engine inoperable.


192. Fuel Select Switch (8) functions by providing current either to Gasoline 


Cut Off Solenoid (6) or LPG Cut Off Solenoid (3) (but not both simultaneously). 


Due to the normally-closed configuration disclosed by the Workshop Manual, the 


powered solenoid is the only open solenoid, and turning off main switch (7) removes 


power from both solenoids and prevents any fuel flow into the carburetor. 


Petitioner’s annotations of this configuration are reproduced below:


[Pet., 25 (citing EX1012, 68).]
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193. Under Petitioner’s proposed modification (ostensibly based on the 


teachings of Olmr) the Gaseous Cut Off Solenoid would be normally open, and the 


LPG Cut Off Solenoid would be normally closed. Thus, when the Fuel Select Switch 


(8) is in Position “D” (“Gasoline”) as shown above, on the left, current is provided 


to the normally open Gasoline Cut Off Solenoid (meaning the solenoid is closed). 


However, current is not provided to the normally closed LPG Cut Off Solenoid 


(meaning the solenoid is also closed). 


194. Conversely, when the Fuel Select Switch (8) is in Position “E” 


(“LPG”), current is provided to the normally closed LPG Cut Off Solenoid (meaning 


the solenoid is open). However, current is not provided to the normally open 


Gasoline Cut Off Solenoid (meaning the solenoid is also open). 


195. The impact of Fuel Select Switch (8) on the alleged Gaseous Cut Off 


Solenoid and LPG Cut Off Solenoid under Petitioner’s proposed modification in 


view of Olmr is represented in the table below: 


Powered Solenoid Gasoline Cut 
Off Solenoid 


Position


LPG Cut Off 
Solenoid 
Position


Switch Position “D” 
(“GASOLINE”) 


Gasoline Cut Off 
Solenoid


Closed Closed 


Switch Position “E” 
(“LPG”) 


LPG Cut Off 
Solenoid


Open Open 


196. Simply put, under Petitioner’s proposed configuration, the Workshop 


Manual’s engine either receives both fuels simultaneously when in Switch Position 
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“D” (resulting in problematic engine “flooding”) [(EX1001, 8:29-40)], or receives 


no fuel at all when in Switch Position “E”. Neither outcome is desirable. Once again, 


Petitioner does not provide any explanation regarding how this problem would have 


been resolved.  


197. Finally, Petitioner also makes the conclusory statement that “[a]lthough 


the DF972 engine has a battery, a POSA would have been nonetheless motivated to 


use this configuration to allow engine starting if the engine is modified to operate 


without a battery or if the battery is dead.” [Pet., 46 (emphasis added).] Petitioner’s 


conclusory motivation is improperly grounded in hindsight, and is therefore 


deficient. 


198. Specifically, Petitioner’s proposed motivation is improperly grounded 


in a hypothetical (“if the engine is modified to operate without a battery”) which is 


not true. As discussed above, Petitioner proposed replacing the Workshop Manual’s 


battery with respect to Claim 2, but argued for “combin[ing] Matsushima’s recoil-


starter assembly with the [Workshop Manual’s] DF972 engine” when discussing 


Claim 4. [Pet., 43.] Claim 8 depends from Claim 4 (not from Claim 2). 


5. Claim 9 


199. Claim 9 depends from Claim 8, and is therefore not invalid for the same 


reasons. 


Champion - EX2133, Page 86 of 111 
Generac Power Systems, Inc. v. Champion Power Equip., Inc. 


IPR2025-01271







Case No. IPR2025-01271
U.S. Patent No. 10,697,398 


87


6. Claim 20: “The dual fuel engine of claim 1 further 
comprising: a spring pushing the liquid fuel cut-off to 
interrupt liquid fuel; and an actuating magnet coupled to the 
carburetor to selectively pull the liquid fuel cut-off against 
the spring away from a position interrupting liquid fuel” 


200. The Workshop Manual (alone or in view of Matsushima and/or Olmr) 


does not disclose or otherwise render obvious “The dual fuel engine of claim 1 


further comprising: a spring pushing the liquid fuel cut-off to interrupt liquid fuel; 


and an actuating magnet coupled to the carburetor to selectively pull the liquid fuel 


cut-off against the spring away from a position interrupting liquid fuel.” 


201. Specifically, Petitioner concedes the Workshop Manual does not 


disclose a spring. [Pet., 51 (“the Workshop Manual does not depict a spring in the 


Gasoline Cut Off Solenoid”).] Nevertheless, Petitioner contends that a POSITA 


“would understand the Gasoline Cut Off Solenoid has a spring” because “solenoid 


valves (like the Gasoline Cut Off Solenoid) typically consist of a spring-plunger 


design.” [Pet., 50-51.] 


202. However, Petitioner does not provide any support for its statement that 


solenoid valves “typically” consist of a spring-plunger design, such that a POSITA 


would have understood the depicted solenoid to disclose the claimed structure. In 


fact, numerous other configurations of solenoid valves exist, and Petitioner’s expert 


(Dr. Morse) concedes that “you don’t need to have a spring-plunger design to have 


a solenoid valve.” [EX2127 (Morse Depo. Tr.) at 181:15-182:5.]  
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203. For example, U.S. Patent No. 8,631,972 (“Kessler”) teaches that 


“Bistable solenoid or valves are known from the prior art. In order to change between 


valve positions (open/closed), a bistable valve requires a pulse and then remains in 


this position until a counter-pulse is transmitted to the valve.” [EX2131, 13:64-


14:50.] Kessler also discloses that Figure 19 (reproduced below) “is a schematic 


representation of a cross-sectional view through an actuator 18 as a bistable 


solenoid” which does not include springs. [Id., 29:3-13.]


[EX2131 (Kessler), Fig. 19]


204. Petitioner has not established that the mere disclosure of a “solenoid” 


is sufficient to anticipate claim elements directed to a precise configuration of 


solenoid.
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205. Alternatively, Petitioner argues it would have been obvious to replace 


the Gasoline Cut Off Solenoid with either (1) a solenoid structured like “the starter 


solenoid for the DF972 engine” or (2) “Olmr’s cutoff solenoid.” [Pet., 51.] 


206. However, Petitioner does not identify any motivation to replace the 


Gasoline Cut Off Solenoid with either of the proposed replacements. For example, 


Petitioner does not identify any deficiencies in the Gasoline Cut Off Solenoid, or 


any benefits in either of the proposed replacements. Instead, Petitioner’s analysis is 


entirely conclusory and unsupported. 


7. Claim 21 


207. Claim 21 depends from Claim 20, and is therefore not invalid for the 


same reasons. 


C. Ground 3: The ’398 Patent is Not Anticipated by Nakafushi 


208. The Petition alleges that Claims 1, 3, 22, and 57 of the ’398 Patent 


claims are rendered invalid as anticipated by Nakafushi.  However, this allegation 


fails at least because Nakafushi does not teach: i) the use of a liquid fuel source and 


a gaseous fuel source, ii) a gaseous fuel valve positioned along a gaseous fuel line, 


and iii) attaching a liquid fuel cut-off to the carburetor.  I address the failures of 


Nakafushi on a limitation-by-limitation basis below. 
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1. Claim 1


209. As discussed above, a POSITA would have understood Claim 1 


distinctly claimed the state of the fuel (i.e., gaseous or liquid) at three separate 


locations: the source of the fuel, the fuel line, and the engine. [See §X.A.1, above.]


Element [1.3]: “a carburetor attached to an intake of 
the engine to mix air and fuel and connect to a gaseous 
fuel source and a liquid fuel source”


210. Nakafushi does not disclose “a carburetor attached to an intake of the 


engine to mix air and fuel and connect to a gaseous fuel source and a liquid fuel 


source.”


211. Specifically, Nakafushi does not disclose a “gaseous fuel source.”


212. As discussed above, Nakafushi describes a dual fuel engine that draws 


fuel from two different sources of liquid fuel: Gasoline Tank 11 and LPG Cylinder 


16. [See §VII.B, above.]


213. Petitioner explicitly maps the claimed liquid and gaseous fuels sources 


to Gasoline Tank 11 and LPG Cylinder 16. [Pet., 66 (“Nakafushi discloses a 


carburetor 1 attached to the intake of the engine E, and the carburetor connects the 


LPG cylinder and gasoline tank to the intake.”).]


214. Petitioner’s annotations to the fuel system described in the Nakafushi 


reference are reproduced below. Specifically, Petitioner’s annotations are 
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misleading because Petitioner uses the same color to represent both gaseous and 


liquid fuel states.


[Pet., 66 (annotations in original).]


215. Contrary to Petitioner’s representations, LPG is liquid fuel when 


leaving the fuel source, and only becomes gaseous fuel after reaching the vaporizer, 


as depicted by the below annotated figure:
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[EX1005, Fig. 1 (annotated)]


216. The relative state of the Gasoline and LPG at various points in the 


system can be appreciated more simply by considering the fuel system process 


timeline below, depicting liquid fuel in blue and gaseous fuel in red.  


Fuel System Process.
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217. The diagram shows the liquid gasoline being supplied to the carburetor, 


which then vaporizes the gasoline and provides it to the engine.  Meanwhile, the 


liquid LPG is vaporized into a gaseous state by the vaporizer, and then passed 


through the carburetor to provide it to the engine.   


218. As explained in the prosecution history, the mere fact that the liquid 


fuel in the LPG tank is converted to its gaseous state prior to reaching the carburetor 


would not have led a POSITA to believe that the LPG tank was a gaseous fuel source. 


Rather, a POSITA would have viewed both Gasoline Tank 11 and LPG Cylinder 16 


as liquid fuel sources which supply liquid fuels that get converted into a gaseous 


state at subsequent points in the process. 


219. As further evidence that Nakafushi does not disclose a gaseous fuel 


source, the presence of the vaporizer actually precludes LPG Cylinder 16 from being 


considered a “gaseous fuel source.” For example, if an LPG cylinder was used 


improperly such that LPG vapor exited the LPG tank and was sent to the vaporizer, 


then the vaporizer could not function properly to generate an appropriately-rich fluid 


flow into the carburetor.  In such a case, the engine would die.  In fact, this is exactly 


what happens when the LPG cylinder runs out of liquid LPG.  Therefore, Nakafushi 


does not disclose Element [1.3].  
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220. A POSITA would have considered a fuel source to be a gaseous fuel 


source only if it provided gaseous fuel. Conversely, LPG Cylinder 16 provides liquid 


fuel, and is therefore not a gaseous fuel source.


Element [1.5]: “a gaseous fuel valve positioned along a 
gaseous fuel line coupling the gaseous fuel source to the 
carburetor”


221. Nakafushi does not disclose “a gaseous fuel valve positioned along a 


gaseous fuel line coupling the gaseous fuel source to the carburetor.”


222. Petitioner identifies “LPG supplying passage 13” as the alleged 


“gaseous fuel line.” [Pet., 68-69.] Petitioner likewise identifies Nakafushi’s “LPG 


cut valve 18” as the alleged “gaseous fuel valve positioned along a gaseous fuel 


line.” [Pet., 68-69.]


223. Petitioner’s annotations identifying the alleged “gaseous fuel line” and 


“gaseous fuel valve” are reproduced below:
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[Pet., 69 (annotations in original).]


224. Petitioner asserts that “LPG cut valve 18 is positioned on the LPG 


supplying passage 13.” [Pet., 69.] However, contrary to Petitioner’s representations, 


LPG cut valve 18 is not located along a gaseous fuel line coupling the gaseous fuel 


source to the carburetor. As depicted in the annotated figure, below, LPG cut valve 


18 is located between LPG cylinder 16 and vaporizer 14, and is therefore located 


along a liquid fuel line (blue) and not a gaseous fuel line (red).
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[EX1005, Fig. 1 (annotated).]


225. For at least the reasons set forth above, Nakafushi does not disclose 


Element 1.5 (“a gaseous fuel valve positioned along a gaseous fuel line coupling the 


gaseous fuel source to the carburetor.”).


2. Claims 3, 22


226. Claims 3 and 22 depend from Claim 1, and are therefore not invalid for 


the same reasons.
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3. Claim 57


Element [57.7]: “attaching a liquid fuel cut-off to the 
carburetor to close the fuel passage upon actuation of 
the switch from liquid fuel to gaseous fuel”


227. Nakafushi does not disclose “attaching a liquid fuel cut-off to the 


carburetor to close the fuel passage upon actuation of the switch from liquid fuel to 


gaseous fuel.”


228. The Petition’s purported analysis with respect to Element [57.7] merely 


incorporates by reference §VII.C.1.g (referring to Element [1.6] (“a liquid fuel cut-


off incorporated into the carburetor to interrupt liquid fuel upon actuation of the 


switch from liquid fuel to gaseous fuel”)). [Pet., 77.]


229. Elsewhere, Petitioner argues that “[i]t is inherent in Nakafushi that 


these components were assembled to form the dual-fuel engine, as their described 


integration into a functional system necessitates assembly steps.” [Pet., 72.]


230. However, Petitioner explicitly argues that Nakafushi’s control valve 23 


is “incorporated into the carburetor.” [Pet., 70.] Neither the Petition, Dr. Morse’s 


declaration, nor Nakafushi itself include any explicit disclosure of “attaching” 


control valve 23 to the carburetor. 
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D. Ground 4: The ’398 Patent is Not Obvious Over Nakafushi in View 
of Matsushima, Yamamoto, and Olmr 


231. Claims 2, 4-14, and 19-21 depend from Claim 1. Ground 4 does not 


provide any additional analysis with respect to Claim 1. As such, these claims are 


not invalid for the same reasons as Claim 1. 


232. Likewise, Claim 58 depends from Claim 57. Ground 4 does not provide 


any additional analysis with respect to Claim 57. As such, Claim 58 is not invalid 


for the same reasons as Claim 57. 


233. Additional analysis with respect to specific dependent claims is 


addressed below. 


1. Claim 2: “The dual fuel engine of claim 1, wherein the engine 
is a pull start, batteryless engine.” 


234. Nakafushi (alone or in view of Matsushima) does not disclose or 


otherwise render obvious “The dual fuel engine of claim 1, wherein the engine is a 


pull start, batteryless engine.” 


235. Petitioner argues that a POSITA would have found it obvious “to 


incorporate a pull-start and an electrical power generator to supply electrical power 


in place of Nakafushi’s battery.” [Pet., 77 (emphasis added).] 


236. However, the Petition does not articulate a motivation to replace the 


battery start with a pull start or a reasonable expectation of success of the same. 


Instead, Petitioner suggests “the same reasons discussed above with respect to 
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incorporating Matsushima’s pull-start assembly for use with the [Workshop 


Manual’s] DF972 engine.” [Pet., 77 (citing §VII.B.1).] 


237. However, Petitioner’s prior analysis relates to the combination of 


Matsushima and the Workshop Manual, not the combination of Matsushima and 


Nakafushi, and Petitioner has not established that the same analysis is applicable to 


Nakafushi.  


238. In fact, the evidence identified by the Petitioner supports the conclusion 


that Petitioner’s analysis is not equally applicable to the Matsushima/Nakafushi 


combination. First, Petitioner previously argued that “[i]ncorporating a pull-start 


into the Workshop Manual’s dual-fuel engine would improve reliability in cold or 


remote applications and reduce costs.” [Pet., 41.] However, Petitioner concedes that 


Nakafushi does not disclose a use case for its engine at all, and as such, there is no 


evidence that a POSITA would have looked to modify its engine for cold/remote 


applications. [EX2127 (Morse Depo. Tr.) at 74:9-16 (acknowledging that “the 


Nakafushi reference [does not] identif[y] a specific application for the engine it 


discloses”).]  


239. Likewise, Petitioner’s position is that Nakafushi discloses a 


combination schematic diagram/flowchart for engine design, but does not disclose a 


specific engine structure. [EX2127 (Morse Depo. Tr.) at 74:17-75:2 (“I don’t think 


Nakafushi is limited to any specific engine displacement.”).] As such, given that 
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Nakafushi does not disclose a specific structure, it is unclear how relying on 


Matsushima could disclose a less costly structure. 


240. Second, Petitioner previously argued that “Matsushima provides a 


blueprint for implementing a recoil starter on an engine of similar displacement and 


layout [to the Workshop Manual].” [Pet., 41.] But again, Petitioner concedes that 


Nakafushi does not disclose an engine of a specific displacement. [EX2127 (Morse 


Depo. Tr.) at 74:17-75:2 (“I don’t think Nakafushi is limited to any specific engine 


displacement”).] As such, it is unclear how analysis ostensibly comparing 


Matsushima and the Workshop Manual is applicable to Nakafushi. 


241. Finally, Petitioner’s proposed motivation to combine is also deficient 


for the same reasons set forth with respect to the Workshop Manual. [See §X.B.1, 


above.] 


242. Petitioner’s reasonable expectation of success analysis is also deficient. 


Specifically, a POSITA would not have had an expectation of success in modifying 


Nakafushi in the manner suggested because the design of Nakafushi’s fuel control 


valves 17 and 18, fuel switching switch 19, and switching means 22 are connected 


to a battery 21.  Those connections would be unpowered without a battery and would 


not function the same before startup. 
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2. Claim 4: “The dual fuel engine of claim 1, wherein the engine 
is a pull-start engine having an electrical power generator to 
supply electrical power”  


243. Nakafushi (alone or in view of Matsushima) does not disclose or 


otherwise render obvious “The dual fuel engine of claim 1, wherein the engine is a 


pull-start engine having an electrical power generator to supply electrical power.” 


244. Once again, Petitioner argues that a POSITA would have found it 


“obvious to incorporate Matsushima’s recoil-starter assembly and electrical power 


generator with Nakafushi’s engine.” [Pet., 77.] However, Petitioner does not identify 


a motivation to combine Matsushima’s recoil-starter assembly and electrical power 


generator with Nakafushi’s engine. Instead, Petitioner incorporates its analysis with 


respect to a “§VII.D.1” (referring to Claim 2). This is insufficient for several reasons. 


245. First, as discussed above, Petitioner’s Claim 2 analysis merely 


incorporated the motivation to combine and reasonable expectation of success 


analysis with respect to the Workshop Manual (a different reference). But, Petitioner 


did not establish that the Workshop Manual and Nakafushi are sufficiently similar, 


such that the same motivation and expectation of success should apply. [See §X.D.1, 


above.] 


246. Second, Petitioner’s Workshop Manual analysis (which is then 


incorporated into Claim 2, and then again into Claim 4) does not reference 


incorporating Matsushima’s electrical power generator into the Workshop Manual 
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(presumably because Petitioner asserts that the Workshop Manual already has an 


electrical power generator). [Pet., 43 (alleging that “[t]he Workshop Manual 


discloses an electrical power generator, powered by operation of the DF972 


engine”).] As such, Petitioner has not even attempted to identify a motivation to 


combine Matsushima’s alleged electrical power generator with Nakafushi’s engine 


(nor a reasonable expectation of success in accomplishing the same). 


247. Finally, Petitioner’s proposed motivation to combine and reasonable 


expectation of success analysis is also deficient for the same reasons set forth with 


respect to Claim 2 and the Workshop Manual. [See §§X.D.1; X.B.1-2.] 


3. Claims 5-14 


248. Claims 5-14 depend from Claim 4, and are therefore not invalid for the 


same reasons. 


249. Additional analysis with respect to specific dependent claims is 


addressed below. 


4. Claim 8: “The dual fuel engine of claim 6, wherein the 
solenoid valve is normally open to provide liquid fuel to the 
engine when the solenoid valve is unpowered” 


250. Nakafushi (alone or in view of Matsushima and/or Olmr) does not 


disclose or otherwise render obvious “The dual fuel engine of claim 6, wherein the 


solenoid valve is normally open to provide liquid fuel to the engine when the 


solenoid valve is unpowered.” 
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251. Petitioner maps the “solenoid valve” referred to in Claim 8 to 


Nakafushi’s “control valve 23” and concedes that “[t]he control valve 23 of 


Nakafushi is normally closed.” [Pet., 81.] Therefore, Nakafushi alone does not 


disclose this limitation. 


252. Instead, Petitioner argues that it “would have been obvious to a POSA 


to configure it as a normally-open solenoid for the same reasons discussed above 


with respect to the [Workshop Manual’s] DF972 engine.” [Pet., 81-82 (citing 


§VII.B.6).] 


253. However, Petitioner has not established that any alleged motivation to 


combine the Workshop Manual and Olmr is equally applicable to Nakafushi and 


Olmr.  


254. For example, Petitioner does not address the differences between the 


power systems disclosed by the Workshop Manual and Nakafushi. [Compare 


EX2127 (Morse Depo. Tr.) at 104:7-13 (testifying that Nakafushi’s “gasoline cut 


valve 17 and the LPG cut valve 18 are both normally open”) with id. at 143:5-15 


(testifying that the Workshop Manual’s “valve 6” and “valve 3” are normally 


closed”); see also id. at 102:12-103:3 (referring to Nakafushi’s power system as “a 


little trickier than I first thought”).] Notably, Petitioner does not explain how 


Nakafushi’s “normally open” LPG cut valve 18 results in an operable engine, given 


Champion - EX2133, Page 103 of 111 
Generac Power Systems, Inc. v. Champion Power Equip., Inc. 


IPR2025-01271







Case No. IPR2025-01271
U.S. Patent No. 10,697,398 


104


that a normally open valve would allow propane to pass through the system even 


when not powered.  


255. Regardless, Petitioner’s proposed motivation to combine is also 


deficient for the same reasons set forth with respect to the Workshop Manual. [See 


§X.B.4, above.] 


5. Claim 9 


256. Claim 9 depends from Claim 8, and is therefore not invalid for the same 


reasons. 


6. Claim 20: “The dual fuel engine of claim 1 further 
comprising: a spring pushing the liquid fuel cut-off to 
interrupt liquid fuel; and an actuating magnet coupled to the 
carburetor to selectively pull the liquid fuel cut-off against 
the spring away from a position interrupting liquid fuel” 


257. Nakafushi (alone or in view of Matsushima and/or Olmr) does not 


disclose or otherwise render obvious “The dual fuel engine of claim 1 further 


comprising: a spring pushing the liquid fuel cut-off to interrupt liquid fuel; and an 


actuating magnet coupled to the carburetor to selectively pull the liquid fuel cut-off 


against the spring away from a position interrupting liquid fuel.” 


258. First, Petitioner relies on Olmr’s solenoid, but does not identify a 


motivation to replace Nakafushi’s control valve 23 with Olmr’s solenoid, nor a 


reasonable expectation of success with respect to the same. [Pet., 85.] 
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259. Presumably, Petitioner will attempt to rely on the alleged motivation 


discussed with respect to Claim 5. [Pet., 79-80.] However, Claim 20 does not depend 


from Claim 5, and Petitioner did not incorporate its analysis.  


260. Regardless, Petitioner’s Claim 5 does not actually identify a motivation 


to replace Nakafushi’s cut valve 23 with Olmr’s solenoid. For example, Petitioner 


does not identify any deficiencies in cut valve 23, or any benefits in the proposed 


replacement. Instead, Petitioner’s analysis is entirely conclusory and unsupported. 


7. Claim 21 


261. Claim 21 depends from Claim 20, and is therefore not invalid for the 


same reasons. 


E. Ground 5: The ’398 Patent is Not Anticipated by Holzapfel 


262. The Petition alleges that Claims 1 and 15-16 of the ’398 Patent are 


invalid as anticipated by Holzapfel.  However, this allegation fails at least because 


Holzapfel does not teach: i) the use of a liquid fuel source and a gaseous fuel source, 


and ii) a liquid fuel valve positioned along a liquid fuel line.  I address the failures 


of Holzapfel on a limitation-by-limitation basis below. 


1. Claim 1 


263. As discussed above, POSITA would have understood Claim 1 distinctly 


claimed the state of the fuel (i.e., gaseous or liquid) at three separate locations: the 


source of the fuel, the fuel line, and the engine. [See §X.A.1, above.] 
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Element [1.3]: “a carburetor attached to an intake of 
the engine to mix air and fuel and connect to a gaseous 
fuel source and a liquid fuel source”


264. Holzapfel does not disclose “a carburetor attached to an intake of the 


engine to mix air and fuel and connect to a gaseous fuel source and a liquid fuel 


source.”


265. Specifically, Holzapfel does not disclose a “gaseous fuel source.” As 


discussed above, Holzapfel describes a dual fuel engine that draws liquid fuel from 


two different sources: main liquid supply tank 15 and fuel supply tank 16. [See 


§VII.C, above.]. Both of these tanks supply liquid fuel, as illustrated below in an 


annotated version of Holzapfel Figure 1, wherein fuel in the liquid state has been 


highlighted in blue and fuel in a gaseous state has been highlighted in red.
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Holzapfel Fuel System Shown in Fig. 1 (Annotated to Show Liquid and 
Gaseous States of the Two Fuels).]


266. Petitioner explicitly maps the claimed liquid and gaseous fuels sources 


to main liquid supply tank 15 and fuel supply tank 16. [Pet., 95 (“Holzapfel discloses 


carburetor 5 that is attached to intake manifold 3, and that connects gaseous supply 


tank 16 and liquid supply tank 15.”).] However, Holzapfel explicitly teaches that 


“From tank 16 there extends a suitable gaseous fuel supply tube 17 extending to the 


bottom of the tank 16, so as to draw off the liquid and not gas.” [EX1009, 2:12-16 


(emphasis added).] Furthermore, Holzapfel teaches that this fuel remains in the 


liquid state until it “changes to a gas on the release of pressure.” [Holzapfel, 2:125.]  


A POSITA would have known that pressure was not released on this fuel until it 


entered the heat exchanger 20 and the pressure reducing valve 24.  


267. Holzapfel explicitly teaches that fuel supply tank 16 does not supply 


gaseous fuel. A POSITA would have considered a fuel source to be a gaseous fuel 


source only if it provided gaseous fuel. Conversely, fuel supply tank 16 provides 


liquid fuel, and is therefore not a gaseous fuel source. [See §X.A.1, above.]


Element [1.4]: “a liquid fuel valve positioned along a 
liquid fuel line coupling the liquid fuel source to the 
carburetor”


268. Holzapfel does not disclose “a liquid fuel valve positioned along a 


liquid fuel line coupling the liquid fuel source to the carburetor.”
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269. Petitioner identifies “Fuel supply line 12” as the alleged “liquid fuel 


line.” [Pet., 97-98.]


270. Petitioner likewise identifies Holzapfel’s “needle valve 9” as the 


alleged “liquid fuel valve positioned along a liquid fuel line.” [Pet., 97-98.]


271. Petitioner’s annotations identifying the alleged “liquid fuel line” and 


“liquid fuel valve” are reproduced below:


[Pet., 98 (annotations in original).]


272. Petitioner’s annotations make clear that needle valve 9 is not located 


along Fuel supply line 12. Specifically, Holzapfel discloses an intervening inlet 


connection 11 and passage 10 between fuel supply line 12 and needle valve 9.


273. For at least the reasons set forth above, Holzapfel does not disclose 


Element [1.4].
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274. Claims 15-16 depend from Claim 1, and are therefore not invalid for 


the same reasons. 


XI. CLOSING 


275. I declare that all statements made herein ofmy own knowledge are true 


and that all statements made on information and belief are believed to be true; and 


further that these statements were made with the knowledge that willful false 


statements and the like so made are punishable by fine or imprisonment, or both, 


under Section 1101 of Title 18 of the United States Code. 


May 26, 2026 
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