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1. My name is June Ann Munford. I am over the age of 18, have personal 

knowledge of the facts set forth herein, and am competent to testify to the 

same. 

 

2. I earned a Master of Library and Information Science (MLIS) from the 

University of Wisconsin-Milwaukee in 2009. I have over ten years of 

experience in the library/information science field. Beginning in 2004, I 

have served in various positions in the public library sector including 

Assistant Librarian, Youth Services Librarian and Library Director. I have 

attached my Curriculum Vitae as Appendix CV. 

 

3. During my career in the library profession, I have been responsible for 

materials acquisition for multiple libraries. In that position, I have cataloged, 

purchased and processed incoming library works. That includes purchasing 

materials directly from vendors, recording publishing data from the material 

in question, creating detailed material records for library catalogs and 

physically preparing that material for circulation. In addition to my 

experience in acquisitions, I was also responsible for analyzing large 

collections of library materials, tailoring library records for optimal catalog 
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search performance and creating lending agreements between libraries 

during my time as a Library Director.  

 

4. I am fully familiar with the catalog record creation process in the library 

sector. In preparing a material for public availability, a library catalog record 

describing that material would be created. These records are typically 

written in Machine Readable Catalog (herein referred to as �MARC�) code 

and contain information such as a physical description of the material, 

metadata from the material�s publisher, and date of library acquisition. In 

particular, the 008 field of the MARC record is reserved for denoting the 

date of creation of the library record itself. As this typically occurs during 

the process of preparing materials for public access, it is my experience that 

an item�s MARC record indicates the date of an item�s public availability. 

 

5. Typically, in creating a MARC record, a librarian would gather various bits 

of metadata such as book title, publisher and subject headings among others 

and assign each value to a relevant numerical field. For example, a book�s 

physical description is tracked in field 300 while title/attribution is tracked in 

field 245. The 008 field of the MARC record is reserved for denoting the 

creation of the library record itself. As this is the only date reflecting the 

inclusion of said materials within the library�s collection, it is my experience 
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that an item�s 008 field accurately indicates the date of an item�s public 

availability. 

 

6. I have reviewed Exhibit CI-1006, �He Mows Grass in Air-Conditioned 

Comfort� as published in Farm Show, May-June 2003.  

 

7. Attached hereto as Appendix MHS01 is a true and correct copy of the 

MARC record for Farm Show as held by the Minnesota Historical Society. I 

secured this record myself from the library�s public catalog. The MARC 

record contained within Appendix MHS01 accurately describes the title, 

author, publisher, and ISSN number of Farm Show. The �Location Items� 

field of this record visible on page 2 indicates this collection includes the 

May-June 2003 edition of Farm Show containing �He Mows Grass in Air-

Conditioned Comfort�.  

 

8. Attached hereto as Appendix MHS02 is a true and correct copy of �He 

Mows Grass in Air-Conditioned Comfort� as published in Farm Show as 

held by the Minnesota Historical Society. These scans were secured from the 

library�s collection. In comparing Exhibit CI-1006 to Appendix MHS02, it is 

my determination that Exhibit CI-1006 is a true and correct copy of �He 
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Mows Grass in Air-Conditioned Comfort� as published in Farm Show May-

June 2003.  

 

9. The 008 field of the MARC record in Appendix MHS01 indicates the date of 

record creation. The 008 field of Appendix MHS01 indicates the Minnesota 

Historical Society first acquired this journal as of February 20, 1990 and 

held new issues of the journal in perpetuity until 2005. Considering this 

information, it is my determination that Farm Show May-June 2003 and 

therefore �He Mows Grass in Air-Conditioned Comfort� was made available 

to the public by the Minnesota Historical Society shortly after its initial 

release in May-June 2003. 

 

10. I am familiar with the Internet Archive, a digital library formally certified by 

the State of California as a public library. Among other services that the 

Internet Archive makes available to the general public is the Wayback 

Machine, an online archive. The Internet Archive�s Wayback Machine 

service archives webpages as of a certain capture date to track changes in the 

web over time. The Internet Archive has been in operation as a nonprofit 

library since 1996 and has hosted the Wayback Machine service since its 

inception in 2001. During my time as a librarian, I frequently used the 

Internet Archive�s Wayback Machine for research and instruction purposes. 
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This includes teaching instructional classes on using the Wayback Machine 

to library patrons and using the Wayback Machine to research reference 

inquiries that require hard-to-find online resources. I consider the Internet 

Archive�s recordskeeping to be as rigorous and detailed as other formal 

library recordskeeping practices such as MARC records, OCLC records and 

Dublin Core. 

 

11. Attached hereto as Appendix IA01 are screen captures of the Internet 

Archive Wayback Machine record for 

http://www.farmshow.com/view_issue.php?i_id=67&vol=27&number=3&y

ear=2003. I secured these screen captures myself from 

https://web.archive.org/web/20111121195914/http://www.farmshow.com/vi

ew_issue.php?i_id=67&vol=27&number=3&year=2003. 

 

12. Appendix IA01 is a screen capture of a web page entitled �Farm Show � 

Volume 27, Issue 3, 2003 � Instant Download Available� as hosted on the 

Farm Show website. This page was captured as of November 21, 2011. This 

page advertises the May-June 2003 issue of Farm Show as being available 

for purchase as a PDF. 
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13. Attached hereto as Appendix IA02 are screen captures of the Internet 

Archive Wayback Machine record for 

http://www.farmshow.com/a_issue.php?volume=27&issue=3. I secured 

these captures myself from 

https://web.archive.org/web/20130501000000*/http://www.farmshow.com/a

_issue.php?volume=27&issue=3. 

 

14. Appendix IA02 is a screen capture of a web page entitled �Farm Show � 

Volume 27, Issue 3, 2003 � All Stories in this Issue� as hosted on the Farm 

Show website. This page was captured as of September 19, 2013. This page 

includes a full table of contents for the May-June 2003 issue of Farm Show 

and clearly includes �He Mows Grass in Air-Conditioned Comfort� within 

this table of contents. This page also advertises the May-June 2003 issue of 

Farm Show as being available for purchase as a PDF. 

 

15. I have reviewed Exhibit CI-1005, a document entitled Service Manual: 

Groundsmaster 5900 & 5910 as published by Toro. 

 

16. Attached hereto as Appendix IA03 are screen captures of the Internet 

Archive Wayback Machine record for 

http://toro.com/customercare/commercial/education/pdf/08159sl.pdf. I 
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secured these screen captures myself from 

https://web.archive.org/web/20100203203155/http://toro.com/customercare/

commercial/education/pdf/08159sl.pdf.  

 

17. Appendix IA03 is a PDF copy of Service Manual: Groundsmaster 5900 & 

5910 as published on the Toro website as of February 3, 2010. In comparing 

Service Manual: Groundsmaster 5900 & 5910 to Exhibit CI-1005, it is my 

determination that Exhibit CI-1005 is a true and correct copy of Service 

Manual: Groundsmaster 5900 & 5910. As the Internet Archive first 

captured Service Manual: Groundsmaster 5900 & 5910 as of February 3, 

2010 it is my determination that Service Manual: Groundsmaster 5900 & 

5910 was first made available to the public as of February 3, 2010 if not 

earlier via the original Toro website. 

 

18. I have been retained on behalf of the Petitioner to provide assistance in the 

above-illustrated matter in establishing the authenticity and public 

availability of the documents discussed in this declaration. I am being 

compensated for my services in this matter at the rate of $200.00 per hour 

plus reasonable expenses.  My statements are objective, and my 

compensation does not depend on the outcome of this matter. 
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19. I declare under penalty of perjury that the foregoing is true and correct. I 

hereby declare that all statements made herein of my 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 the knowledge that 

willful false statements and the like so made are punishable by fine or 

imprisonment, or both, under Section 1001 of Title 18 of the United States 

Code. 

 

 

Dated: 6/27/2024 

 

 

 

June Ann Munford 
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Part No. 08159SL

Service Manual

GroundsmasterR 5900 & 5910

Preface

The purpose of this publication is to provide the service
technician with information for troubleshooting, testing,
and repair of major systems and components on the
Groundsmaster 5900 and 5910.

REFER TO THE OPERATOR’S MANUALS FOR OP-
ERATING, MAINTENANCE AND ADJUSTMENT
INSTRUCTIONS. For reference, insert a copy of the
Operator’s Manual and Parts Catalog for your machine
into Chapter 2 of this service manual. Additional copies
of the Operator’s Manual and Parts Catalog are avail-
able on the internet at www.Toro.com.

The Toro Company reserves the right to change product
specifications or this publication without notice.

This safety symbol means DANGER, WARNING,
or CAUTION, PERSONAL SAFETY INSTRUC-
TION. When you see this symbol, carefully read
the instructions that follow. Failure to obey the
instructions may result in personal injury.

NOTE: A NOTE will give general information about the
correct operation, maintenance, service, testing or re-
pair of the machine.

IMPORTANT: The IMPORTANT notice will give im-
portant instructions which must be followed to pre-
vent damage to systems or components on the
machine.

E The Toro Company -- 2009
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General Safety Instructions

The Groundsmaster 5900 and 5910 are tested and cer-
tified by Toro for compliance with existing safety stan-
dards and specifications. Although hazard control and
accident prevention partially are dependent upon the

design and configuration of the machine, these factors
are also dependent upon the awareness, concern and
proper training of the personnel involved in the opera-
tion, transport, maintenance and storage of the ma-

chine. Improper use or maintenance of the machine can
result in injury or death. To reduce the potential for injury
or death, comply with the following safety instructions.

WARNING

To reduce the potential for injury or death,

comply with the following safety instructions.

Before Operating

1. Review and understand the contents of the Opera-
tor’s Manual and Operator’s DVD before starting and
operating the machine. Become familiar with the con-
trols and know how to stop the machine and engine

quickly. Additional copies of the Operator’s Manual are
available on the internet at www.Toro.com.

2. Keep all shields, safety devices and decals in place.
If a shield, safety device or decal is defective, illegible or

damaged, repair or replace it before operating the ma-
chine. Also tighten any loose nuts, bolts or screws to en-
sure machine is in safe operating condition.

3. Assure interlock switches are adjusted correctly so

engine cannot be started unless traction pedal is in
NEUTRAL and PTO switch is OFF (disengaged).

4. Since diesel fuel is flammable, handle it carefully:

A. Use an approved fuel container.

B. Do not remove fuel tank cap while engine is hot or
running.

C. Do not smoke while handling fuel.

D. Fill fuel tank outdoors and only to within an inch of
the top of the tank, not the filler neck. Do not overfill
fuel tank.

E. Wipe up any spilled fuel.
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While Operating

1. Sit on the seat when starting and operating the ma-
chine.

2. Before starting the engine:

A. Engage the parking brake.

B. Make sure the traction pedal is in the neutral posi-
tion and the PTO switch is OFF (disengaged).

C. After engine is started, release parking brake and
keep foot off traction pedal. Machine must not move.

If movement is evident, the traction pedal is adjusted
incorrectly; therefore, shut engine off and adjust trac-
tion system until machine does not move when trac-
tion pedal is released.

3. Do not run engine in a confined area without ade-
quate ventilation. Exhaust fumes are hazardous and
could possibly be deadly.

4. Do not touch engine, radiator or exhaust system

while engine is running or soon after it is stopped. These
areas could be hot enough to cause burns.

5. Before getting off the seat:

A. Ensure that traction pedal is in the neutral posi-
tion.

B. Apply parking brake.

C. Lower the cutting decks fully to the ground. This
relieves pressure from the lift circuit and eliminates
the risk of the cutting decks accidentally lowering to
the ground.

D. Disengage cutting decks and wait for cutting
blades to stop completely.

E. Allow engine to run at low idle speed for at least
five (5) minutes after full load operation to allow the

turbocharger to cool.

F. Stop engine and remove key from switch. Wait for
all machine movement to stop.

6. Do not park machine on slopes unless wheels are

chocked or blocked.

S
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ty
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Maintenance and Service

1. Before servicing or making machine adjustments,
lower cutting decks, stop engine, apply parking brake
and remove key from the ignition switch.

2. Make sure machine is in safe operating condition by

keeping all nuts, bolts and screws tight.

3. Shut engine off before checking or adding oil to the
engine crankcase.

4. To reduce potential fire hazard, keep engine area

free of excessive grease, grass, leaves and dirt. Clean
protective screen on machine frequently.

5. Never store the machine or fuel container inside
where there is an open flame, such as near a water heat-

er or furnace.

6. Do not overspeed the engine by changing governor
setting. To assure safety and accuracy, check maximum
engine speed.

7. Disconnect batteries before servicing the machine.
Disconnect negative battery cables first and positive
cables last. If battery voltage is required for trouble-
shooting or test procedures, temporarily connect the

batteries. Reconnect positive battery cables first and
negative cables last.

8. Battery acid is poisonous and can cause burns.
Avoid contact with skin, eyes and clothing. Protect your

face, eyes and clothing when working with a battery.

9. Battery gases can explode. Keep cigarettes, sparks
and flames away from the battery.

10.When changing attachments, tires or performing

other service that requires the machine to be raised, use
correct jacks, hoists and supports. Make sure machine
is parked on a solid level surface such as a concrete
floor. Prior to raising the machine, remove any attach-

ments that may interfere with the safe and proper raising
of the machine. Always chock or block wheels. Use suit-
able jack stands to support the raised machine. If the
machine is not properly supported by jack stands, the

machine may move or fall, which may result in personal
injury (see Jacking Instructions in this chapter).

11. Make sure all hydraulic line connectors are tight, and
all hydraulic hoses and lines are in good condition be-

fore applying pressure to the system.

12.Keep body and hands away from pin hole leaks in hy-
draulic lines that eject high pressure hydraulic fluid. Use
cardboard or paper to find hydraulic leaks. Hydraulic
fluid escaping under pressure can penetrate skin and

cause injury. Fluid accidentally injected into the skin
must be surgically removed within a few hours by a doc-
tor familiar with this form of injury or gangrene may re-
sult.

13.Before disconnecting or performing any work on the
hydraulic system, all pressure in system must be re-
lieved by stopping engine and lowering the cutting
decks to the ground.

14.Make sure all engine fuel system connectors and
components are correctly installed, and all fuel hoses
are in good condition before starting engine.

15.Keep body and hands away from leaks in engine fuel

injection lines. Use cardboard or paper to find high pres-
sure fuel leaks if they may exist. Leaking fuel under pres-
sure can penetrate skin and cause injury.

16.If engine must be running to perform maintenance or

an adjustment, keep hands, feet, clothing and other
parts of the body away from cutting decks and other
moving parts. Keep bystanders away.

17.At the time of manufacture, the machine conformed

to the safety standards for riding mowers. To assure op-
timum performance and continued safety certification of
the machine, use genuine Toro replacement parts and
accessories. Replacement parts and accessories made

by other manufacturers may result in non-conformance
with the safety standards, and the warranty may be
voided.

18.When welding on machine, disconnect all battery

cables to prevent damage to machine electronic equip-
ment. Disconnect negative battery cable first and posi-
tive cable last. Disconnect and remove engine
electronic control module (ECM) from engine before

welding on the machine. Also, attach welder ground
cable no more than two (2) feet (0.61 meters) from the
welding location.

19.If major repairs are ever needed or assistance is de-

sired, contact an Authorized Toro Distributor.
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Jacking Instructions

CAUTION

When changing attachments, tires or perform-

ing other service that requires the machine to be

raised, use correct jacks, hoists and supports to

raise and support the machine. Make sure ma-

chine is parked on a solid level surface such as a

concrete floor. Prior to raising machine, remove

any attachments that may interfere with the safe

and proper raising of the machine. Always

chock or block wheels. Use appropriate jack

stands to support the raised machine. If the ma-

chine is not properly supported by jack stands,

the machine may move or fall, which may result

in personal injury.

Jacking the Front End (Fig. 1)

1. Chock both rear tires to prevent the machine from
moving.

2. Position jack securely under the frame, just to the in-

side of the front tire. Make sure that jack does not con-
tact hydraulic lift cylinder.

3. Position appropriate jack stands under the frame as
close to the front wheel as possible to support the ma-

chine.

Jacking the Rear End (Fig. 2)

1. Apply parking brake and chock both front tires to pre-
vent the machine from moving.

2. Place jack securely under the center of rear axle.
Jack rear of machine off the ground.

3. Use appropriate jack stands under the rear axle to

support the machine.

1. Frame jacking point 2. Front tire

Figure 1

1

2

1. Rear axle jacking point 2. Rear tire

Figure 2

1
2 2
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Safety and Instruction Decals

Numerous safety and instruction decals are affixed to
your Groundsmaster. If any decal becomes illegible or
damaged, install a new decal. Decal part numbers are
listed in your Parts Catalog.
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Chapter 2

Product Records and Maintenance

Table of Contents

PRODUCT RECORDS 1. . . . . . . . . . . . . . . . . . . . . . . . .
MAINTENANCE 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
EQUIVALENTS AND CONVERSIONS 2. . . . . . . . . . .

Decimal and Millimeter Equivalents 2. . . . . . . . . . . .

U.S. to Metric Conversions 2. . . . . . . . . . . . . . . . . . .
TORQUE SPECIFICATIONS 3. . . . . . . . . . . . . . . . . . . .

Fastener Identification 3. . . . . . . . . . . . . . . . . . . . . . .

Standard Torque for Dry, Zinc Plated, and
Steel Fasteners (Inch Series) 4. . . . . . . . . . . . . . .

Standard Torque for Dry, Zinc Plated, and
Steel Fasteners (Metric) 5. . . . . . . . . . . . . . . . . . . .

Other Torque Specifications 6. . . . . . . . . . . . . . . . . .
Conversion Factors 6. . . . . . . . . . . . . . . . . . . . . . . . . .

Product Records

Insert Operator’s Manuals and Parts Catalogs for your
Groundsmaster at the end of this chapter. Additionally,
if any optional equipment or accessories have been
installed to your machine, insert the Installation Instruc-

tions, Operator’s Manuals and Parts Catalogs for those
options at the end of this chapter.

Maintenance

Maintenance procedures and recommended service in-
tervals for your Groundsmaster are covered in the Oper-
ator’s Manuals. Refer to this publication when
performing regular equipment maintenance.
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Equivalents and Conversions
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Torque Specifications

Recommended fastener torque values are listed in the
following tables. For critical applications, as determined
by Toro, either the recommended torque or a torque that
is unique to the application is clearly identified and spe-

cified in this Service Manual.

These Torque Specifications for the installation and
tightening of fasteners shall apply to all fasteners which
do not have a specific requirement identified in this Ser-

vice Manual. The following factors shall be considered
when applying torque: cleanliness of the fastener, use
of a thread sealant (e.g. Loctite), degree of lubrication
on the fastener, presence of a prevailing torque feature

(e.g. Nylock nut), hardness of the surface underneath
the fastener’s head or similar condition which affects the
installation.

As noted in the following tables, torque values should be
reduced by 25% for lubricated fasteners to achieve
the similar stress as a dry fastener. Torque values may
also have to be reduced when the fastener is threaded

into aluminum or brass. The specific torque value
should be determined based on the aluminum or brass
material strength, fastener size, length of thread en-
gagement, etc.

The standard method of verifying torque shall be per-
formed by marking a line on the fastener (head or nut)
and mating part, then back off fastener 1/4 of a turn.
Measure the torque required to tighten the fastener until

the lines match up.

Fastener Identification

Figure 1

Grade 1 Grade 5 Grade 8

Inch Series Bolts and Screws

Figure 2

Class 8.8 Class 10.9

Metric Bolts and Screws
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Standard Torque for Dry, Zinc Plated and Steel Fasteners (Inch Series)

Thread Size

Grade 1, 5 &

8 with Thin

Height Nuts

SAE Grade 1 Bolts, Screws, Studs &

Sems with Regular Height Nuts

(SAE J995 Grade 2 or Stronger Nuts)

SAE Grade 5 Bolts, Screws, Studs &

Sems with Regular Height Nuts

(SAE J995 Grade 2 or Stronger Nuts)

SAE Grade 8 Bolts, Screws, Studs &

Sems with Regular Height Nuts

(SAE J995 Grade 5 or Stronger Nuts)

in--lb in--lb N--cm in--lb N--cm in--lb N--cm

# 6 -- 32 UNC
10 + 2 13 + 2 147 + 23

15 + 2 169 + 23 23 + 3 262 + 34

# 6 -- 40 UNF

10 + 2 13 + 2 147 + 23

17 + 2 192 + 23 25 + 3 282 + 34

# 8 -- 32 UNC
13 + 2 25 + 5 282 + 56

29 + 3 328 + 34 41 + 5 463 + 56

# 8 -- 36 UNF

13 + 2 25 + 5 282 + 56

31 + 4 350 + 45 43 + 5 486 + 56

# 10 -- 24 UNC
18 + 2 30 + 5 339 + 56

42 + 5 475 + 56 60 + 6 678 + 68

# 10 -- 32 UNF

18 + 2 30 + 5 339 + 56

48 + 5 542 + 56 68 + 7 768 + 79

1/4 -- 20 UNC 48 + 7 53 + 7 599 + 79 100 + 10 1130 + 113 140 + 15 1582 + 169

1/4 -- 28 UNF 53 + 7 65 + 10 734 + 113 115 + 12 1299 + 136 160 + 17 1808 + 192

5/16 -- 18 UNC 115 + 15 105 + 15 1186 + 169 200 + 25 2260 + 282 300 + 30 3390 + 339

5/16 -- 24 UNF 138 + 17 128 + 17 1446 + 192 225 + 25 2542 + 282 325 + 33 3672 + 373

ft--lb ft--lb N--m ft--lb N--m ft--lb N--m

3/8 -- 16 UNC 16 + 2 16 + 2 22 + 3 30 + 3 41 + 4 43 + 5 58 + 7

3/8 -- 24 UNF 17 + 2 18 + 2 24 + 3 35 + 4 47 + 5 50 + 6 68 + 8

7/16 -- 14 UNC 27 + 3 27 + 3 37 + 4 50 + 5 68 + 7 70 + 7 95 + 9

7/16 -- 20 UNF 29 + 3 29 + 3 39 + 4 55 + 6 75 + 8 77 + 8 104 + 11

1/2 -- 13 UNC 30 + 3 48 + 7 65 + 9 75 + 8 102 + 11 105 + 11 142 + 15

1/2 -- 20 UNF 32 + 4 53 + 7 72 + 9 85 + 9 115 + 12 120 + 12 163 + 16

5/8 -- 11 UNC 65 + 10 88 + 12 119 + 16 150 + 15 203 + 20 210 + 21 285 + 28

5/8 -- 18 UNF 75 + 10 95 + 15 129 + 20 170 + 18 230 + 24 240 + 24 325 + 33

3/4 -- 10 UNC 93 + 12 140 + 20 190 + 27 265 + 27 359 + 37 375 + 38 508 + 52

3/4 -- 16 UNF 115 + 15 165 + 25 224 + 34 300 + 30 407 + 41 420 + 43 569 + 58

7/8 -- 9 UNC 140 + 20 225 + 25 305 + 34 430 + 45 583 + 61 600 + 60 813 + 81

7/8 -- 14 UNF 155 + 25 260 + 30 353 + 41 475 + 48 644 + 65 667 + 66 904 + 89

NOTE: Reduce torque values listed in the table above
by 25% for lubricated fasteners. Lubricated fasteners
are defined as threads coated with a lubricant such as
engine oil or thread sealant such as Loctite.

NOTE: Torque values may have to be reduced when
installing fasteners into threaded aluminum or brass.
The specific torque value should be determined based
on the fastener size, the aluminum or base material

strength, length of thread engagement, etc.

NOTE: The nominal torque values listed above for
Grade 5 and 8 fasteners are based on 75% of the mini-
mum proof load specified in SAE J429. The tolerance is
approximately + 10% of the nominal torque value. Thin

height nuts include jam nuts.
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Standard Torque for Dry, Zinc Plated and Steel Fasteners (Metric Series)

Thread Size
Class 8.8 Bolts, Screws and Studs with

Regular Height Nuts
Class 10.9 Bolts, Screws and Studs with

Regular Height NutsThread Size Regular Height Nuts
(Class 8 or Stronger Nuts)

Regular Height Nuts
(Class 10 or Stronger Nuts)

M5 X 0.8 57 + 6 in--lb 644 + 68 N--cm 78 + 8 in--lb 881 + 90 N--cm

M6 X 1.0 96 + 10 in--lb 1085 + 113 N--cm 133 + 14 in--lb 1503 + 158 N--cm

M8 X 1.25 19 + 2 ft--lb 26 + 3 N--m 28 + 3 ft--lb 38 + 4 N--m

M10 X 1.5 38 + 4 ft--lb 52 + 5 N--m 54 + 6 ft--lb 73 + 8 N--m

M12 X 1.75 66 + 7 ft--lb 90 + 10 N--m 93 + 10 ft--lb 126 + 14 N--m

M16 X 2.0 166 + 17 ft--lb 225 + 23 N--m 229 + 23 ft--lb 310 + 31 N--m

M20 X 2.5 325 + 33 ft--lb 440 + 45 N--m 450 + 46 ft--lb 610 + 62 N--m

NOTE: Reduce torque values listed in the table above
by 25% for lubricated fasteners. Lubricated fasteners
are defined as threads coated with a lubricant such as
engine oil or thread sealant such as Loctite.

NOTE: Torque values may have to be reduced when
installing fasteners into threaded aluminum or brass.
The specific torque value should be determined based
on the fastener size, the aluminum or base material

strength, length of thread engagement, etc.

NOTE: The nominal torque values listed above are
based on 75% of the minimum proof load specified in
SAE J1199. The tolerance is approximately + 10% of the
nominal torque value.
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Other Torque Specifications

SAE Grade 8 Steel Set Screws

Thread Size
Recommended Torque

Thread Size
Square Head Hex Socket

1/4 -- 20 UNC 140 + 20 in--lb 73 + 12 in--lb

5/16 -- 18 UNC 215 + 35 in--lb 145 + 20 in--lb

3/8 -- 16 UNC 35 + 10 ft--lb 18 + 3 ft--lb

1/2 -- 13 UNC 75 + 15 ft--lb 50 + 10 ft--lb

Thread Cutting Screws
(Zinc Plated Steel)

Type 1, Type 23 or Type F

Thread Size Baseline Torque*

No. 6 -- 32 UNC 20 + 5 in--lb

No. 8 -- 32 UNC 30 + 5 in--lb

No. 10 -- 24 UNC 38 + 7 in--lb

1/4 -- 20 UNC 85 + 15 in--lb

5/16 -- 18 UNC 110 + 20 in--lb

3/8 -- 16 UNC 200 + 100 in--lb

Wheel Bolts and Lug Nuts

Thread Size Recommended Torque**

7/16 -- 20 UNF
Grade 5

65 + 10 ft--lb 88 + 14 N--m

1/2 -- 20 UNF
Grade 5

80 + 10 ft--lb 108 + 14 N--m

M12 X 1.25
Class 8.8

80 + 10 ft--lb 108 + 14 N--m

M12 X 1.5
Class 8.8

80 + 10 ft--lb 108 + 14 N--m

** For steel wheels and non--lubricated fasteners.

Thread Cutting Screws
(Zinc Plated Steel)

Thread
Size

Threads per Inch
Baseline Torque*Size

Type A Type B
Baseline Torque*

No. 6 18 20 20 + 5 in--lb

No. 8 15 18 30 + 5 in--lb

No. 10 12 16 38 + 7 in--lb

No. 12 11 14 85 + 15 in--lb

* Hole size, material strength, material thickness and fin-
ish must be considered when determining specific

torque values. All torque values are based on non--lubri-
cated fasteners.

Conversion Factors

in--lb X 11.2985 = N--cm N--cm X 0.08851 = in--lb

ft--lb X 1.3558 = N--m N--m X 0.7376 = ft--lb
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Chapter 3

Diesel Engine
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General Information

This Chapter gives information about specifications of
the Cummins B3.3 diesel engine used in the Ground-
smaster 5900 and 5910. Additionally, some engine re-
pair procedures are described in this manual. Described

adjustments and repairs require tools which are com-
monly available in many service shops.

Some service and repair parts for the engine in your
Groundsmaster are supplied through your Authorized

Toro Distributor. Be prepared to provide your distributor
with the Toro model and serial number of your machine
to obtain parts.

Detailed information on engine troubleshooting, testing,
disassembly and reassembly is identified in the Cum-
mins Service Manual that is available from Cummins.
The use of some specialized tools and test equipment

is explained in the Cummins Service Manual. However,
the specialized nature of some engine repairs may dic-
tate that the work be done at an engine repair facility.

Operator’s Manual

The Operator’s Manual provides information regarding
the operation, general maintenance and maintenance
intervals for your Groundsmaster machine. Refer to the
Operator’s Manual for additional information when ser-

vicing the machine.

Engine Identification

The engine dataplate located near the starter motor in-
cludes the engine serial number and control parts list
number. The fuel injection dataplate is located on the
fuel injection pump. The ECM dataplate is on the elec-

tronic control module attached to the flywheel end of the
engine. These engine identification tags will assist in
identifying the correct parts and service information for
the Cummins engine in your Groundsmaster.

Engine Electronic Control Module (ECM)

The Cummins engine that is used in the Groundsmaster
5900 and 5910 uses an electronic control module
(ECM) for engine management and also to communi-
cate with the TEC controllers and the operator Info Cen-

ter on the machine. All engine ECM electrical
connectors should be plugged into the controller before
the machine ignition switch is moved from the OFF posi-
tion to either the ON or START position. If the engine

ECM is to be disconnected for any reason, make sure
that the ignition switch is in the OFF position with the key
removed before disconnecting the ECM. Also, to pre-
vent possible module damage when welding on the ma-

chine, disconnect and remove the engine ECM from the
engine before welding.
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Stopping the Engine

IMPORTANT: Before stopping the engine after
mowing or full load operation, allow the engine to
run at low idle speed for five (5) minutes. This will al-
low the turbocharger and internal engine compo-

nents to adequately cool down. Failure to allow this
cool down period may lead to premature turbochar-
ger and engine failure.

Fuel Injection System

The engine fuel injection system operates at high pres-
sures during engine operation. Do not loosen any fuel
system components, fittings or hoses while the engine
is running.

Keep body and hands away from leaks in engine fuel in-
jection lines. Use cardboard or paper to find high pres-
sure fuel leaks if they may exist. Leaking fuel under
pressure can penetrate skin and cause injury.
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Engine Specifications

Item Description

Make / Designation Cummins, 4--Cycle, 4 Cylinder,
Liquid Cooled, Turbocharged, Diesel Engine

Bore 3.74 in (95.0 mm)

Stroke 4.53 in (115 mm)

Total Displacement 201 in3 (3300 cc)

Firing Order 1 (Closest to Engine Pulley) -- 2 -- 4 -- 3

Direction of Rotation Clockwise (Viewed from Engine Pulley)

Compression Ratio 17:1

Valve Clearance
Intake 0.014” (0.35 mm)
Exhaust 0.020” (0.50 mm)

Fuel Diesel or Biodiesel (up to B20) with Low/Ultra Low Sulfur Content

Fuel Tank Capacity 35 U.S. gallons (132 liters)

Fuel Injection Pump Zexel Rotary Type VE Pump

Injection Nozzle Closed Nozzle, Hole Type

Governor Electronic

Low Idle (no load) 1350 RPM

High Idle (no load) 2750 RPM

Oil Pump Geroter Type

Engine Oil API CH--4 or CI--4 (see Operator’s Manual for Viscosity)

Crankcase Oil Capacity 8.5 U.S. quarts (8.0 liters) with Filter

Starter 12 VDC, 2.2 kW

Alternator/Regulator 12 VDC, 120 AMP

Coolant Capacity
GM 5900 (without cab) 13.5 U.S. quarts (12.8 liters)
GM 5910 (with cab) 18 U.S. quarts (17 liters)

Engine Dry Weight 606 U.S. pounds (275 kg)
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Engine Fastener Torque Specifications

Item Description

Alternator Adjusting Cap Screw 23 ft--lb (31 N--m)

Alternator Mounting Bracket Cap Screw (2 used) 23 ft--lb (31 N--m)

Alternator Mounting Cap Screw 49 ft--lb (66 N--m)

Crankshaft Pulley Bolt 274 ft--lb (372 N--m)

Exhaust Manifold Flange Head Screw (8 used) 33 ft--lb (45 N--m)

Front Cover Flange Head Screw (16 used) 14 ft--lb (19 N--m)

Oil Drain Plug 38 ft--lb (51 N--m)

Oil Pan Flange Head Screw (24 used) 24 to 38 ft--lb (32 to 51 N--m)

Oil Suction Tube Flange Head Screw (2 used) 14 ft--lb (19 N--m)

Starter Mounting Flange Head Screw (2 used) 32 ft--lb (43 N--m)

Thermostat Housing Flange Head Screw (2 used) 14 ft--lb (19 N--m)

Turbocharger Mounting Nut (4 used) 22 ft--lb (30 N--m)

Turbocharger Oil Drain Line Cap Screw (2 used) 18 ft--lb (24 N--m)

Turbocharger Oil Supply Line Banjo Bolt 18 ft--lb (24 N--m)

Valve Adjustment Nut (rocker arm) 29 to 36 ft--lb (39 to 49 N--m)

Valve Cover Nut (3 used) 80 in--lb (9 N--m)

Water Pump Pulley Flange Head Screw (4 used) 23 ft--lb (31 N--m)
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Adjustments

Valve Clearance

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Raise and support hood.

3. Remove valve cover from engine (see Valve Cover
Removal in the Service and Repairs section of this chap-
ter).

4. Position engine crankshaft so cylinder #1 is at top

dead center (TDC) at the end of the compression stroke:

A. While watching the movement of the cylinder #4
intake valve, rotate engine crankshaft in normal rota-
tion direction (clockwise). When the cylinder #4 in-

take valve starts to open, cylinder #1 is approaching
TDC at the end of the compression stroke.

B. Continue rotating the crankshaft in the normal
rotation direction (clockwise) until the cutout in the

tone wheel attached to the back of the crankshaft
pulley aligns with “1.4 TOP” cast in engine front cover
(Fig. 1).

5. In this crankshaft position, adjust valve clearance for

intake valves for cylinders #1 and #3 and exhaust valves
for cylinders #1 and #2 (Fig. 2 and 3).

A. Loosen the lock nut on the rocker arm adjustment
screw.

B. Insert correct feeler gauge between the valve
stem and the rocker arm. Intake valve clearance
specification is 0.014” (0.35 mm). Exhaust valve
clearance specification is 0.020” (0.50 mm).

C. Adjust screw until a slight drag is felt on the feeler
gauge.

D. Hold adjustment screw in position and tighten
lock nut to secure valve clearance adjustment.

Torque lock nut from 29 to 36 ft--lb (39 to 49 N--m).

E. After tightening lock nut, re--check valve clear-
ance.

6. Rotate crankshaft in the normal rotation direction

(clockwise) one complete revolution. The tone wheel
cutout should again be aligned with “1.4 TOP”.

7. In this crankshaft position, adjust valve clearance for
intake valves for cylinders #2 and #4 and exhaust valves

for cylinders #3 and #4. Follow procedure under step 5
above.

8. Install valve cover to engine (see Valve Cover Instal-
lation in the Service and Repairs section of this chapter).

9. Lower and secure hood.

Figure 1

1. Crankshaft pulley
2. Tone wheel cutout

3. TDC indicator

1

2

3

Figure 2

1. Lock nut
2. Adjustment screw

3. Rocker arm
4. Valve clearance

1
2 3

4

Figure 3
1. #1 intake
2. #1 exhaust
3. #2 intake
4. #2 exhaust

5. #3 intake
6. #3 exhaust
7. #4 intake
8. #4 exhaust

6

1

2

3

4

7 5

8
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Service and Repairs

Air Filter System

Figure 4
1. Clamp
2. Air hose
3. Flange head screw (6 used)
4. Air cleaner mount
5. Flange nut (8 used)
6. Air cleaner mounting band (2 used)
7. Air cleaner assembly
8. Adapter
9. Service indicator

10. Worm clamp
11. Intake tube
12. U--bolt
13. Cap screw
14. Mount plate
15. Tube clamp
16. Flat washer
17. Flange nut (3 used)
18. Carriage screw (4 used)

19. Hose clamp (8 used)
20. Tube
21. Air intake tube (4 used)
22. Tube
23. Radiator assembly
24. Airbox
25. Spacer plate (as needed)
26. Carriage screw (2 used)

FRONT
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45 to 55 in--lb

(5.1 to 6.2 N--m)

45 to 55 in--lb

(5.1 to 6.2 N--m)

50 to 70 in--lb

(5.7 to 7.9 N--m)
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Removal (Fig. 4)

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Raise and support hood to allow access to engine.

3. Remove air cleaner components as needed using
Figure 4 as a guide.

4. Inspect all tubes and clamps for evidence of wear or

damage. Replace components as needed.

NOTE: If charge air cooler in radiator assembly needs
to be serviced (Fig. 5), refer to Radiator Removal and
Installation in this section.

Installation (Fig. 4)

IMPORTANT: Any leaks in the air filter system will
cause serious engine damage. Make sure that all air
cleaner components are in good condition and are

properly secured during installation.

1. Assemble air cleaner system using Figure 4 as a
guide.

A. Verify that tabs in air cleaner mounting bands

mesh fully with slots in air cleaner body.

B. Position hose clamps (item 1) so that there is no
interference with hood foam when hood is closed.

C. Torque hose clamps (items 1 and 10) from 45 to

55 in--lb (5.1 to 6.2 N--m).

D. Torque hose clamps (item 19) from 50 to 70 in--lb
(5.7 to 7.9 N--m).

E. Make sure that air cleaner vacuator valve is

pointed down after assembly (Fig. 6).

F. If service indicator (item 8) and adapter (item 9)
were removed from air cleaner housing, apply thread
sealant to adapter threads before installing adapter

and indicator to housing. Install adapter so that
grooves in adapter hex and adapter filter element are
installed toward service indicator (Fig. 7). Torque in-
dicator from 12 to 15 in--lb (1.4 to 1.6 N--m).

2. Apply chalk on airbox lip, lower hood and check that
hood makes a continuous seal around airbox (item 24).
If necessary, use shim(s) (item 25) to adjust location of
airbox for proper sealing with hood.

3. Lower and secure hood.

Figure 5

1. Radiator
2. LH cooler bracket
3. Charge air cooler

4. Pin clip (8 used)
5. Pin (8 used)
6. RH cooler bracket
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1

3

4

6

5

Figure 6

1. Air cleaner housing
2. Safety filter
3. Filter element

4. Cover
5. Vacuator valve

21

3

4

5

VACUATOR

DIRECTION
VALVE

Figure 7

1. Adapter
2. Service indicator

3. Adapter filter element
4. Adapter grooves
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Exhaust System

Figure 8
1. Exhaust clamp
2. Exhaust tube
3. Muffler clamp (2 used)

4. Muffler
5. Tailpipe

6. Flange head screw (4 used)
7. Heat shield

FRONT

RIGHT

50 to 70 in--lb
(5.7 to 7.9 N--m)
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1

3

4
7

6

5
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Removal (Fig. 8)

CAUTION

The engine and exhaust system may be hot. To
avoid possible burns, allow the engine and ex-
haust system to cool before working on the ex-
haust system.

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Raise and support hood to allow access to exhaust
system.

3. Remove side panel from right side of frame to allow
easier access to exhaust system components.

4. Remove muffler and/or exhaust tube from the engine
as necessary using Figure 8 as a guide.

5. If necessary, remove exhaust manifold from engine
(Fig. 9):

A. Remove turbocharger from exhaust manifold
(see Turbocharger Removal in this section).

B. Support exhaust manifold to prevent it from fal-
ling.

C. Remove eight (8) flange head screws that secure
exhaust manifold to cylinder head. Remove manifold
from engine.

D. Remove and discard manifold gasket. Clean

mating surfaces of cylinder head and manifold.

6. If exhaust openings are to be left open for any length
of time, cover openings to prevent any material from fal-
ling into openings.

Installation (Fig. 8)

NOTE: Make sure all exhaust system sealing surfaces
are free of debris or damage that may prevent a tight
seal.

1. Remove all covers and plugs that were placed during
removal to prevent contamination entry.

2. Install exhaust manifold to engine if removed (Fig. 9):

A. Apply antiseize lubricant to threads of flange

head screws used to secure exhaust manifold.

B. Position new manifold gasket and exhaust man-
ifold to cylinder head and secure with eight (8) flange
head screws. Tighten the screws in the sequence
shown in Figure 10. Torque screws 33 ft--lb (45

N--m).

C. Secure turbocharger to exhaust manifold (see
Turbocharger Installation in this section).

3. Install muffler and/or exhaust tube to the engine us-

ing Figure 8 as a guide. Torque exhaust clamp (item 1)
from 50 to 70 in--lb (5.7 to 7.9 N--m).

4. After exhaust system assembly, check that tailpipe
is approximately parallel to the ground. Loosen clamp

and adjust tailpipe if necessary.

5. Install and secure side panel to right side of frame.

6. Lower and secure hood.

Figure 9

1. Exhaust manifold
2. Manifold gasket

3. Engine
4. Flange screw (8 used)

2

1

3

4

33 ft--lb
(45 N--m)

Antiseize
lubricant

Figure 10
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Turbocharger

Figure 11
1. Turbocharger assembly
2. Flange nut (4 used)
3. Banjo bolt
4. Sealing washer
5. Oil supply tube
6. Exhaust manifold

7. Banjo bolt
8. Sealing washer
9. Coupling
10. O--ring
11. Exhaust manifold gasket
12. Gasket

13. Flange head screw (2 used)
14. Flange head screw (8 used)
15. Oil drain tube
16. Flange head screw (2 used)
17. Gasket
18. Turbocharger gasket
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22 ft--lb
(30 N--m)

33 ft--lb
(45 N--m)

18 ft--lb
(24 N--m)

18 ft--lb
(24 N--m)

18 ft--lb
(24 N--m)
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Removal (Fig. 11)

CAUTION

The engine and exhaust system may be hot. To
avoid possible burns, allow the engine and ex-
haust system to cool before working on the
turbocharger.

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Raise and support hood to allow access to engine.

3. Thoroughly clean turbocharger area to prevent con-
taminants from entering engine.

4. Loosen clamps that secure exhaust tube to turbo-

charger outlet and muffler inlet. Remove exhaust tube.

5. Loosen clamps that secure air intake tube to turbo-
charger inlet and air cleaner outlet. Remove air intake
tube.

6. Remove two (2) cap screws that secure oil drain line
to turbocharger. Separate oil drain line from turbochar-
ger.

7. Remove banjo bolt that secures oil supply line to

turbocharger. Separate oil supply line from turbochar-
ger.

8. Remove four (4) nuts that secure turbocharger to ex-
haust manifold.

9. Carefully lift turbocharger from exhaust manifold.

10.Cover engine, air cleaner and turbocharger open-
ings to prevent any material from falling into openings.
Also, plug openings in oil supply and drain lines.

Installation (Fig. 11)

NOTE: Make sure muffler flange and exhaust manifold
sealing surfaces are free of debris or damage that may
prevent a tight seal.

1. Install new gaskets if original gasket was damaged.

2. Remove all covers and plugs that were placed to pre-
vent contamination entry.

3. Position turbocharger to exhaust manifold and se-

cure with four (4) nuts. Torque nuts 22 ft--lb (30 N--m).

4. Position oil drain line to turbocharger and secure with
two (2) cap screws. Torque screws 18 ft--lb (24 N--m).

5. Pour clean engine oil into oil supply line port to en-

sure turbocharger lubrication on start--up.

6. Position oil supply line to turbocharger and secure
with banjo bolt. Torque banjo bolt 18 ft--lb (24 N--m).

7. Fit air intake tube to turbocharger inlet and air clean-

er outlet. Secure intake tube with clamps.

8. Fit exhaust tube to turbocharger outlet and muffler
inlet. Secure exhaust tube with clamps.

9. Lower and secure hood.
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Fuel Tank

Figure 12
1. Fitting cover
2. Screw (3 used)
3. Fuel supply standpipe
4. Fuel return standpipe
5. Bushing (2 used)
6. Elbow fitting
7. Bushing
8. Fuel tank

9. Fuel hose (2 used)
10. Flange nut (2 used)
11. Tank hold down
12. Flange head screw (2 used)
13. Clamp (2 used)
14. Cap
15. Plug (4 used)

16. Gasket
17. Fuel sender
18. Lock washer (5 used)
19. Screw (5 used)
20. Fuel hose
21. Worm clamp (3 used)
22. Fuel hose
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RIGHT
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DANGER

Because diesel fuel is highly flammable, use cau-
tion when storing or handling it. Do not smoke
while filling the fuel tank. Do not fill fuel tank
while engine is running, hot or when machine is
in an enclosed area. Always fill fuel tank outside
and wipe up any spilled diesel fuel before start-
ing the engine. Store fuel in a clean, safety--ap-
proved container and keep cap in place. Use die-
sel fuel as an engine fuel only; not for any other
purpose.

Check Fuel Lines and Connections

Check fuel lines and connections periodically as recom-
mended in the Operator’s Manual. Check lines for dete-
rioration, damage, leaks or loose connections. Replace

hoses, clamps and connections as necessary.

Drain and Clean Fuel Tank

Drain and clean the fuel tank periodically as recom-
mended in the Operator’s Manual. Also, drain and clean

the fuel tank if the fuel system becomes contaminated
or if the machine is to be stored for an extended period.

To clean fuel tank, flush tank out with clean diesel fuel.
Make sure tank is free of contaminates and debris.
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Fuel Tank Removal (Fig. 12)

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Chock rear wheels and jack up front of machine.
Support machine on jack stands. Remove front, left
wheel to allow fuel tank removal.

3. Use a fuel transfer pump to remove fuel from the fuel

tank and into a suitable container.

4. Remove three (3) socket head screws that secure fit-
ting cover (item 1) to fuel tank. Remove fitting cover.

5. Disconnect power (blue/red) and ground (black)

wires from the fuel sender on the fuel tank (Fig. 13).

6. Label fuel hoses to assure proper assembly. Discon-
nect fuel hoses from the fuel supply standpipe (item 3),
the return standpipe (item 4) and the vent elbow fitting

(item 6) in top of tank (Fig. 13).

7. Route fuel lines from under clamps (item 13) that
route fuel lines from standpipes. If necessary, remove
plugs and clamps from top of tank.

8. Remove two (2) flange head screws and lock nuts
that secure tank hold down (item 11) to frame. Remove
tank hold down.

9. Slide fuel tank from left side of machine to remove

tank.

10.If necessary, remove standpipes, elbow bushings
and fuel sender from fuel tank.

Fuel Tank Installation (Fig. 12)

1. If removed, install standpipes, elbow bushings and
fuel sender into fuel tank.

2. Install fuel tank from left side of machine.

3. Position tank hold down (item 11) to fuel tank and

machine frame. Secure hold down with two (2) flange
head screws and lock nuts.

4. Route fuel supply and return hoses under clamps in
top of tank.

5. Using labels placed during tank removal, correctly
connect fuel hoses to the fuel supply standpipe, the re-
turn standpipe and the vent elbow fitting. Secure hoses
with hose clamps.

6. Connect electrical wiring to the fuel sender.

A. Connect blue/red wire to the center terminal and
black wire to any of the screws that secure the fuel
sender to the fuel tank.

B. Apply skin--over grease (Toro Part No. 505--165)
to the wire terminal connections.

7. Position fitting cover to fuel tank and secure with
three (3) socket head screws.

Failure to maintain proper torque could result in
failure or loss of wheel and may result in person-
al injury.

WARNING

8. Install front, left wheel assembly.

9. Lower machine to ground. Torque wheel lug nuts in
a crossing pattern from 70 to 90 ft--lb (95 to 122 N--m).

10.Fill fuel tank.

Figure 13

1. Sender power wire
2. Sender ground wire
3. Fuel sender

4. Fuel supply hose
5. Return fuel hose
6. Vent hose
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Radiator

Figure 14

1. Radiator assembly
2. Flange nut (4 used)
3. Support plate (2 used)
4. Flange nut (4 used)
5. Rubber pad (4 used)
6. Hose clamp (3 used)
7. Upper radiator hose
8. Overflow hose
9. Hose clamp
10. Worm clamp (5 used)
11. Barb fitting
12. Drain cock fitting
13. Fan shroud
14. Air intake tube (4 used)

15. Hose clamp (8 used)
16. Tube
17. Coolant reservoir
18. Grommet (2 used)
19. Lock nut (2 used)
20. Hose
21. Cap screw (4 used)
22. Hose
23. Radiator cap
24. Support rod
25. Flat washer (10 used)
26. Flange nut (4 used)
27. Hose sleeve

28. Cap screw (2 used)
29. Tube
30. Washer (4 used)
31. Flange nut (14 used)
32. Clamp (2 used)
33. Carriage screw (14 used)
34. Lower radiator hose
35. Fan motor bracket
36. Fitting
37. Coolant level sensor
38. Cap screw (2 used)
39. Reservoir cap
40. Flat washer (2 used)
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50 to 70 in--lb
(5.7 to 7.9 N--m)

50 to 70 in--lb
(5.7 to 7.9 N--m)

15

Thread Sealant

Removal (Fig. 14)

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Raise and support hood to allow access to radiator.

3. Rotate clamps that secure oil cooler to radiator
frame. Tilt oil cooler toward rear of machine.

4. Loosen hose clamps and disconnect air intake tubes
(item14) from the charge air cooler.

5. Disconnect wire harness connector from coolant lev-
el sensor on right side of radiator.
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CAUTION

Do not open radiator cap or drain coolant if the
radiator or engine is hot. Pressurized, hot cool-
ant can escape and cause burns.

Ethylene--glycol antifreeze is poisonous. Dis-
pose of coolant properly, or store it in a properly
labeled container away from children and pets.

6. Drain radiator into a suitable container using the ra-
diator drain. The radiator drain is located near the hy-
draulic 4WD manifold (Fig. 15).

7. Loosen hose clamps and disconnect upper and low-

er coolant hoses (item 6) from the radiator.

8. Loosen hose clamp that secures coolant drain hose
to fitting (item 36) on bottom of radiator. Remove coolant
drain hose assembly from radiator.

9. Disconnect reservoir hose (item 22) from the radiator
vent tube.

10.Detach radiator from the fan shroud and support by
removing two (2) carriage screws (item 33), flat washers

and flange nuts.

11. Tilt radiator and charge air cooler assembly toward
rear of machine and carefully lift assembly from the ma-
chine.

12.Plug all radiator and hose openings to prevent con-
tamination.

13.Inspect rubber pads (item 5) at bottom of radiator.
Replace pads if worn or damaged.

14.Disassemble radiator and charge air cooler assem-
bly as needed using Figure 16 as a guide.

Installation (Fig. 14)

1. Assemble radiator and charge air cooler assembly

as needed using Figure 14 as a guide. Apply thread
sealant to coolant level sensor if it was removed.

2. Remove plugs from radiator and hoses placed dur-
ing the removal procedure.

3. Carefully lower radiator and charge air cooler as-
sembly into the machine.

4. Attach radiator to the fan shroud and support with
two (2) carriage screws, flat washers and flange nuts.

5. Connect upper and lower coolant hoses (item 6) to
the radiator. Secure hoses with hose clamps.

6. Connect air intake tubes (item14) to the charge air
cooler and secure with hose clamps. Torque clamps
from 50 to 70 in--lb (5.7 to 7.9 N--m).

7. Connect wire harness connector to coolant level

sensor on right side of radiator.

8. Install coolant drain hose assembly to radiator fitting
and secure with hose clamp.

9. Connect reservoir hose (item 22) to the radiator vent

tube and secure with hose clamp.

10.Make sure radiator drain is closed. Fill radiator with
coolant.

11. Secure oil cooler to radiator frame.

12.Run engine and check for any coolant leaks.

13.Lower and secure hood.

Figure 15

1. Radiator hose
2. Radiator drain

3. Air intake tube
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2

3

Figure 16

1. Radiator
2. LH cooler bracket
3. Charge air cooler

4. Pin clip (8 used)
5. Pin (8 used)
6. RH cooler bracket
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Alternator

Figure 17

1. Alternator
2. Front cover
3. Belt
4. Bevel washer (2 used)
5. Flange head screw

6. Flat washer
7. Hex nut
8. Flange head screw (2 used)
9. Alternator bracket

10. Cap screw
11. Water pump
12. Adjusting bracket
13. Alternator bracket

49 ft--lb
(66 N--m)

9

61

2

7

11

10

3

4

5

8

23 ft--lb
(31 N--m)

12

FRONT

RIGHT

4
13

76



Groundsmaster 5900/5910 Page 3 -- 19 Diesel Engine

Removal (Fig. 17)

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Raise and support hood to allow access to engine.

3. Remove battery access panel. Disconnect negative
battery cable first and then positive battery cable (see
Battery Removal in the Service and Repairs section of

Chapter 5 -- Electrical System).

4. Loosen flange head screw (item 5) that secures al-
ternator to adjusting bracket. Rotate alternator toward
engine to loosen drive belt. Remove belt from alternator

pulley.

5. Inspect drive belt for glazing or damage. Replace
belt if necessary.

6. For assembly purposes, label all wires that connect

to alternator. Disconnect wires from alternator terminals
and position wires away from alternator.

7. Support alternator to prevent it from shifting or fal-
ling.

8. Remove flange head screw and flat washer that se-
cure alternator to adjusting bracket (item 12). Remove
cap screw, two (2) bevel washers and hex nut that se-
cure alternator to mounting brackets (items 9 and 13).

9. Carefully remove alternator from engine and ma-
chine.

Installation (Fig. 17)

1. Position alternator to engine brackets.

2. Secure alternator to mounting brackets and adjust-
ing bracket with removed fasteners and washers. Do not

fully tighten fasteners.

3. Place drive belt on alternator pulley. Rotate alterna-
tor away from engine to properly tension drive belt.

4. Tighten screws to secure alternator. Torque cap

screw at mounting bracket (item 10) to 49 ft--lb (66
N--m). Torque flange head screw at adjusting bracket
(item 5) to 23 ft--lb (31 N--m).

5. Using labels placed during alternator removal, cor-

rectly connect all wires to alternator terminals.

6. Connect positive battery cable to positive battery ter-
minal. Then, connect negative battery cable to negative
battery terminal (see Battery Installation in the Service

and Repairs section of Chapter 5 -- Electrical System).
Install battery access panel.

7. Lower and secure hood.
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Starter Motor

Figure 18

1. Engine 2. Starter motor 3. Flange head screw (2 used)
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1

3

32 ft--lb
(43 N--m)
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RIGHT
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Removal (Fig. 18)

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Raise and support hood to allow access to engine.

3. Remove battery access panel. Disconnect negative
battery cable first and then positive battery cable (see
Battery Removal in the Service and Repairs section of

Chapter 5 -- Electrical System).

4. Label all wires that connect to starter for assembly
purposes. Disconnect wires from starter terminals. and
position away from starter (Fig. 19).

A. Remove nut and lock washer that secure cable to
starter stud. Remove cable from starter stud.

B. Loosen screw used to secure harness blue wire
to starter solenoid. Unplug wire from starter.

5. Support starter to prevent it from shifting or falling.

6. Remove two (2) flange head screws that secure
starter to engine.

7. Carefully remove starter from engine and machine.

Installation (Fig. 18)

1. Position starter to engine housing.

2. Secure starter to engine with two (2) flange head
screws. Torque screws 32 ft--lb (43 N--m).

3. Using labels placed during removal, correctly con-
nect and secure removed wires to starter terminals.

4. Connect positive battery cable to positive battery ter-
minal. Then, connect negative battery cable to negative

battery terminal (see Battery Installation in the Service
and Repairs section of Chapter 5 -- Electrical System).
Install battery access panel.

5. Lower and secure hood.

Figure 19

1. Starter stud
2. Starter solenoid

3. Screw
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Valve Cover

Figure 20

1. Engine
2. Valve cover
3. Lock nut (3 used)

4. Flat washer (3 used)
5. Isolation washer (3 used)

6. Oil fill cap
7. Valve cover gasket
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Removal (Fig. 20)

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Raise and support hood to allow access to engine.

3. Thoroughly clean valve cover and cylinder head to
prevent contaminant entry into engine.

4. Remove crankcase breather tube from valve cover

(see Engine Breather Removal in this section).

5. Remove three (3) lock nuts, flat washers and isolator
washers.

6. Remove valve cover from cylinder head. Remove

and discard valve cover gasket.

Installation (Fig. 20)

1. Position new gasket and valve cover to cylinder
head.

2. Secure valve cover to cylinder head with three (3)

isolator washers, flat washers and lock nuts. Torque lock
nuts 80 in--lb (9 N--m).

3. Connect crankcase breather tube to valve cover and
secure with hose clamp (see Engine Breather Installa-

tion in this section).

4. Check engine oil level and add oil if necessary.

5. Lower and secure hood.
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Engine Breather System

Figure 21

1. Hose
2. Hose clamp
3. Spacer
4. Breather mount plate
5. Cap screw (2 used)
6. Breather

7. Breather outlet hose
8. Latch plate
9. Hose clamp
10. Breather inlet hose
11. Hose clamp
12. Hose clamp

13. Breather hose
14. Hose barb
15. Hose
16. Check valve
17. Worm clamp
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Removal (Fig. 21)

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Raise and support hood to allow access to engine.

3. Clean breather components before removal to pre-
vent contaminant entry into breather system.

4. Remove breather components as necessary using

Figure 21 as a guide.

Installation (Fig. 21)

1. Install removed breather components using Figure
21 as a guide. If removed, make sure that check valve

(item 16) is installed with black side toward the engine
oil pan (Fig. 22).

2. Lower and secure hood.

Figure 22

1. Base (gray) 2. Cover (black)
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2

TOWARD ENGINE

FROM BREATHER
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Thermostat

Figure 23

1. Water pump
2. Seal

3. Thermostat
4. Gasket

5. Thermostat housing
6. Flange head screw (2 used)

14 ft--lb
(19 N--m)
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1

2

4

5

6

Removal (Fig. 23)

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Raise and support hood to allow access to engine.

CAUTION

Do not open radiator cap or drain coolant if the
radiator or engine is hot. Pressurized, hot cool-
ant can escape and cause burns.

Ethylene--glycol antifreeze is poisonous. Dis-
pose of coolant properly, or store it in a properly
labeled container away from children and pets.

3. Drain coolant from radiator and engine (see Radiator
Removal in this section).

4. Remove upper coolant hose from thermostat hous-

ing.

5. Remove two (2) flange head screws that secure ther-
mostat housing to water pump. Remove thermostat
housing.

6. Remove thermostat and seal from water pump hous-

ing.

7. Clean gasket surfaces of pump and thermostat
housing.

8. Inspect thermostat sealing areas in pump housing.

Thoroughly clean sealing surfaces if any corrosion or
debris buildup is evident.

Thermostat Testing

1. Remove the thermostat (see Water Pump, Hose,

Pipe and Thermostat Removal and Installation).

2. Suspend the thermostat and a thermometer in a con-
tainer of water (Fig. 24). For accurate test results, do not
allow the thermostat or thermometer to contact the con-

tainer.
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3. Slowly heat the water and stir water to allow uniform
water temperature. Note and record the temperature for
the following:

A. The thermostat should start to open at 180oF

(82oC).

B. The thermostat should be fully open (0.315” (8
mm) lift) at 203oF (95oC).

4. If the thermostat fails to open, only partially opens or

sticks, it should be replaced.

Installation (Fig. 23)

1. Install seal and thermostat into water pump housing.

2. Position thermostat gasket and housing to water

pump housing. Secure thermostat housing with two (2)
flange head screws. Torque screws 14 ft--lb (19 N--m).

3. Install upper coolant hose to thermostat housing and
secure with hose clamp.

4. Fill cooling system with coolant.

5. Run engine and check for any coolant leaks.

6. Lower and secure hood.

Figure 24
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Water Pump

Figure 25

1. Flange head screw (4 used)
2. Water pump pulley
3. Belt
4. Flange head screw
5. Flange head screw (2 used)

6. O--ring
7. Gasket
8. Thermostat housing
9. Flange head screw (3 used)
10. Water pump

11. Thermostat
12. Front cover
13. Seal
14. Gasket

11

10

3

8

12

1

2

4

5

6

7

9

14 ft--lb
(19 N--m)

23 ft--lb
(31 N--m)

13

14

FRONT

RIGHT
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Removal (Fig. 25)

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Raise and support hood to allow access to engine.

CAUTION

Do not open radiator cap or drain coolant if the
radiator or engine is hot. Pressurized, hot cool-
ant can escape and cause burns.

Ethylene--glycol antifreeze is poisonous. Dis-
pose of coolant properly, or store it in a properly
labeled container away from children and pets.

3. Drain coolant from radiator and engine (see Radiator
Removal in this section).

4. Disconnect wire harness connector from tempera-

ture sensor on water pump housing (Fig. 26).

5. Remove upper and lower radiator hoses from water
pump.

6. On Groundsmaster 5910 machines:

A. Remove cab heater hoses from water pump.

B. Remove A/C compressor drive belt.

7. Remove alternator and drive belt from engine (see
Alternator Removal in this section).

8. Remove four (4) cap screws that secure water pump
to engine.

9. Carefully remove water pump from engine.

10.Remove and discard O--ring and gasket from be-

tween water pump and engine.

11. If necessary, remove thermostat from water pump
(see Thermostat Removal in this section). Make sure
that gasket surfaces on water pump and thermostat

housing are thoroughly cleaned.

12.If necessary, remove pulley from water pump.

A. Remove four (4) cap screws that secure pulley to
pump shaft.

B. Pull pulley from pump shaft.

Installation (Fig. 25)

1. Make sure that gasket surfaces on engine, water
pump and thermostat housing are thoroughly cleaned.

2. Position new O--ring and gasket to water pump hous-

ing.

3. Secure water pump to engine with four (4) cap
screws.

4. If pulley was removed from water pump shaft, secure

pulley with four (4) cap screws. Torque cap screws 23
ft--lb (31 N--m).

5. If thermostat was removed from water pump, install
thermostat to water pump (see Thermostat Installation

in this section).

6. Install upper and lower radiator hoses to water
pump. Secure hoses with hose clamps.

7. On Groundsmaster 5910 machines:

A. Install and secure cab heater hoses to water
pump.

B. Install and adjust A/C compressor drive belt.

8. Connect wire harness connector to temperature

sensor on water pump (Fig. 26).

9. Install alternator and drive belt to engine (see Alter-
nator Installation in this section). Adjust drive belt.

10.Fill cooling system with coolant.

11. Run engine and check for any coolant leaks.

12.Lower and secure hood.

Figure 26

1. Water pump 2. Temperature sensor

1

2

D
ie

s
e

l
E

n
g

in
e

87



Groundsmaster 5900/5910Page 3 -- 30Diesel Engine

Front Cover

Figure 27

1. Belt
2. Front cover
3. Water pump pulley
4. Bevel washer (2 used)
5. Flange head screw
6. Flat washer
7. Hex nut

8. Flange head screw (2 used)
9. Alternator bracket
10. Water pump assembly
11. Crankshaft pulley with tone wheel
12. Adjusting bracket
13. Alternator bracket

14. Cap screw
15. Alternator
16. Flange head screw
17. Oil pan
18. Mounting plate
19. Cap screw

11

10

3

FRONT

RIGHT

9

6

7

4

5

8

12

4
13

1

14

2

16

15

17

18

19

49 ft--lb
(66 N--m)

23 ft--lb

(31 N--m)

24 ft--lb
(32 N--m)

274 ft--lb
(372 N--m)

88



Groundsmaster 5900/5910 Page 3 -- 31 Diesel Engine

Removal (Fig. 27)

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Raise and support hood to allow access to engine.

3. Loosen screws that secure alternator to mounting
brackets and rotate alternator toward engine to loosen
drive belt. Remove belt from machine.

4. On Groundsmaster 5910 machines, remove A/C
compressor drive belt.

5. Remove electrical components from front cover (Fig.
28):

A. Remove screws that secure electrical harness
clamps to front cover.

B. Remove screws that secure crankshaft and cam-
shaft position sensors to front cover.

C. Carefully pull two (2) sensors from front cover. In-
spect O--rings on sensors and replace if necessary.

D. Position wire harness and sensors away from
front cover.

6. Remove five (5) flange head screws that secure oil
pan to front cover (see Oil Pan Removal in this section).

7. Remove lock nut and thrust washer that secure rear
axle pivot shaft to frame. Slide pivot shaft toward rear of

machine to allow clearance for engine pulley bolt to be
removed (see Rear Axle Removal in the Service and
Repairs section of Chapter 6-- Axles, Planetaries and
Brakes).

8. Remove crankshaft pulley (Fig. 28):

IMPORTANT: When removing crankshaft pulley,
take care to not damage tone wheel that is secured
to back of pulley.

A. Use appropriate holding tool to prevent the pulley
and engine crankshaft from rotating.

B. Loosen and remove cap screw and mounting
plate that secure pulley to crankshaft.

C. Slide pulley from crankshaft. Locate and retrieve
woodruff key from crankshaft.

IMPORTANT: Three (3) different lengths of flange
head screws are used to secure the front cover. To

assist with assembly, note location of screws as
they are removed.

Figure 28

1. Crankshaft sensor
2. Camshaft sensor
3. Tone wheel

4. Harness clamp
5. Crankshaft pulley

1
3

2

4

4

4

5

Figure 29

1. Front cover
2. Flange head screw
3. Flange head screw

4. Oil seal
5. Alternator bracket
6. Flange head screw

2

6 5

4

3

1

14 ft--lb
(19 N--m)

9. Remove sixteen (16) flange head screws that secure
front cover to engine (Fig. 29). Rotate alternator bracket
away from front cover.

10.Carefully remove front cover from engine.

11. Remove seal from front cover taking care to not dam-
age seal bore in cover.

12.Thoroughly clean all removed components. Make

sure that all sealant is removed from front cover sealing
surfaces.

13.Inspect crankshaft surface in oil seal area for any evi-

dence of wear or damage. Repair or replace crankshaft
if necessary.
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Installation (Fig. 27)

1. Make sure that mounting surfaces on engine, front
cover and oil pan are thoroughly cleaned.

2. Fill 50% of the seal lip space with grease. Use Cum-

mins seal installer tool #3164900 (or equivalent) to
install new oil seal into front cover.

3. Apply Cummins sealant #3164067 (or equivalent), to
the front cover mounting surfaces. Make sure to apply

sealant to all engine and oil pan mating surfaces.

4. Carefully install front cover to engine taking care to
not damage the oil seal during assembly.

5. Rotate alternator bracket to front cover.

6. Using notes taken during front cover removal to iden-
tify correct screw location, secure front cover to engine
with sixteen (16) flange head screws. Torque screws 14
ft--lb (19 N--m).

7. Secure oil pan to front cover with five (5) flange head
screws. Torque screws 14 ft--lb (19 N--m).

8. Install crankshaft pulley:

IMPORTANT: When installing crankshaft pulley,

take care to not damage tone wheel that is secured
to back of pulley.

A. Place woodruff key into crankshaft slot.

B. Carefully slide pulley onto crankshaft making

sure to not damage oil seal in front cover. Also, make
sure to align keyslot in pulley with woodruff key in
crankshaft.

C. Install mounting plate (item 18) and cap screw

(item 19) to pulley and crankshaft.

D. Using an appropriate holding tool to prevent the
pulley and engine crankshaft from rotating, torque
cap screw 274 ft--lb (372 N--m).

9. Secure electrical components to front cover (Fig.
28):

A. Position wire harness and sensors to front cover.

B. Apply a light film of clean oil to crankshaft and

camshaft position sensors O--rings. Carefully install
sensors into front cover and secure with screws.

C. Secure electrical harness clamps to front cover.

10.Secure rear axle pivot shaft to frame (see Rear Axle

Removal in the Service and Repairs section of Chapter
6-- Axles, Planetaries and Brakes).

A. Slide axle pivot shaft toward front of machine.
Make sure that that roll pin on pivot shaft is posi-

tioned in frame reliefs.

B. Install thrust washer and lock nut onto pivot shaft.

C. Tighten lock nut to eliminate any axial movement
of rear axle. Make sure that axle can still pivot freely

after lock nut is tightened.

11. Position drive belt to crankshaft, water pump and al-
ternator pulleys. Tension belt and tighten alternator
mounting screws (see Alternator Installation in this sec-

tion).

12.On Groundsmaster 5910 machines, install and ad-
just A/C compressor drive belt.

13.Check engine oil level and adjust if necessary.

14.Start engine and check for any oil leakage.

15.Lower and secure hood.
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Oil Pan

Figure 30

1. O--ring
2. Flat washer
3. Flange head screw (2 used)

4. Flange head screw (24 used)
5. Sealing washer
6. Drain plug

7. Oil pan
8. Oil suction tube

3
8

4

1

2

5

6

7

3

24 ft--lb
(32 N--m)

14 ft--lb
(19 N--m)

38 ft--lb
(51 N--m)

14 ft--lb
(19 N--m)

FRONT

RIGHT
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Removal (Fig. 30)

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. Raise and support hood to allow access to engine.

3. Drain oil from engine.

4. Remove twenty four (24) flange head screws that se-
cure oil pan to engine.

5. Carefully, remove oil pan from engine taking care to
not damage the oil pan or the sealing surface. Remove
oil pan from engine.

6. If necessary, remove two (2) flange head screws that

secure oil suction tube to engine. Remove oil suction
tube.

7. Thoroughly clean sealing surfaces of removed com-
ponents. Inspect parts for cracks or other damage.

Installation (Fig. 30)

1. If oil suction tube was removed, place O--ring on tube
and position tube to engine. Secure with two (2) flange
head screws. Torque screws 14 ft--lb (19 N--m).

2. Using Cummins sealant #3164067 (or equivalent),
apply a 0.039” (1 mm) sealant bead around all oil pan
mounting screw holes. Then, apply a 0.118” (3 mm)
sealant bead to the oil pan mounting surface.

3. Carefully raise oil pan to cleaned engine mounting
surface and secure oil pan to engine with twenty four
(24) flange head screws. Torque screws 24 ft--lb (32
N--m).

4. Make sure that drain plug (item 6) is installed into oil
pan. Torque drain plug 38 ft--lb (51 N--m).

5. Add oil to engine to the proper level.

6. Start engine and check for any oil leakage.

7. Lower and secure hood.
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Engine

Figure 31

1. Engine assembly
2. Traction flush manifold
3. Cap screw (8 used)
4. Cap screw (4 used)
5. Rear engine mount (2 used)
6. Lock washer (4 used per mount)

7. Cap screw (4 used per mount)
8. Engine isolator mount (4 used)
9. Snubbing washer (4 used)
10. Lock nut (4 used)
11. Cap screw (4 used per mount)

12. Lock washer (4 used per mount)
13. Front LH engine mount
14. Front RH engine mount
15. Flange nut (8 used)
16. 4WD control manifold

FRONT

RIGHT

11

2

1

14

3

12

4

7

8
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10

9

13

5

8
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15
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Engine Removal (Fig. 31)

1. Park machine on a level surface, lower cutting
decks, stop engine, engage parking brake and remove
key from the ignition switch.

2. If engine is to be disassembled, drain oil from engine.

3. Remove hood (see Hood Removal in the Service
and Repairs section of Chapter 7 -- Chassis).

4. Remove battery access panel. Disconnect negative

battery cable first and then positive battery cable (see
Battery Removal in the Service and Repairs section of
Chapter 5 -- Electrical System).

CAUTION

Do not open radiator cap or drain coolant if the
radiator or engine is hot. Pressurized, hot cool-
ant can escape and cause burns.

Ethylene--glycol antifreeze is poisonous. Dis-
pose of coolant properly, or store it in a properly
labeled container away from children and pets.

5. Drain coolant from the radiator into a suitable con-
tainer (see Radiator Removal in this section). Discon-
nect coolant hoses from the radiator.
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CAUTION

The muffler and exhaust pipe may be hot. To
avoid possible burns, allow the exhaust system
to cool before working on or near the muffler.

6. Remove exhaust system from engine (see Exhaust
System Removal in this section).

7. Remove air cleaner system from engine (see Air
Cleaner Removal in this section). Also, remove intake

hoses from charge air cooler.

8. Note location of cable ties used to secure electrical
wires. Disconnect wires and/or electrical connections
from the following electrical components:

A. The alternator (Fig 32).

B. The temperature sensor on water pump housing
(Fig. 33).

C. Battery, frame and wire harness ground at the en-

gine block (Fig. 34).

D. The engine electronic control module.

E. The electric starter motor.

F. The air intake heater.

G. The air conditioning compressor (Groundsmas-
ter 5910 machines) (Fig. 35).

9. Disconnect fuel hose from water separator outlet
(Fig. 36). Cap fuel hose and water separator outlet to

prevent contamination.

IMPORTANT: Support hydraulic pump assembly to
prevent it from falling and being damaged.

10.Remove hydraulic pump assembly from engine (see

Pump Assembly Removal in the Service and Repairs
section of Chapter 4 -- Hydraulic System).

11. On Groundsmaster 5910 machines, remove air con-
ditioning compressor from brackets (see Air Condition-

ing Compressor Removal in the Service and Repairs
section of Chapter 10 -- Operator Cab). Position com-
pressor away from engine taking care to not damage
compressor or hoses. Support compressor to make

sure it will not fall during engine removal.

12.Make sure that all cable ties securing the wiring har-
ness, fuel lines and hydraulic hoses to the engine are re-

moved.

Figure 32
1. Alternator
2. Cable

3. Harness connector

1

3

2

Figure 33

1. Water pump 2. Temperature sensor

1

2

Figure 34

1. Positive battery cable
2. Negative battery cable
3. Cap screw
4. Cap screw
5. Internal lock washer

6. Internal lock washer
7. Flange nut
8. Negative battery cable
9. Positive battery cable

1

2

3

6

5

4
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CAUTION

Make sure that hoist or lift used to remove engine
can properly support engine. Engine weighs
approximately 606 pounds (275 kg).

13.Connect suitable hoist or lift to the front and rear lift
tabs on engine.

14.Remove lock nuts, snubbing washers and cap
screws securing the engine brackets to the engine isola-

tor mounts.

CAUTION

One person should operate lift or hoist while the
other person guides the engine out of the ma-
chine.

IMPORTANT: Make sure to not damage the engine,
fuel lines, hydraulic lines, electrical harness or oth-

er machine components while removing the engine.

15.Carefully raise engine from the machine.

16.If necessary, remove engine mount brackets from
the engine.

17.If necessary, remove engine isolator mounts (item 8)
from frame. Note that one of the fasteners for the RH
front motor mount also secures the frame ground cable.

18.Cover or plug all engine openings to prevent contam-

inants from entering engine.

Engine Installation (Fig. 31)

1. If removed, install engine mount brackets to engine
and isolator mounts to frame.

2. Make sure that all parts removed from the engine
during maintenance or rebuilding are correctly installed
to the engine.

3. Remove all covers and plugs from engine openings

that were placed during engine removal.

CAUTION

Make sure that hoist or lift used to install engine
can properly support engine. Engine weighs
approximately 606 pounds (275 kg).

Figure 35

1. AC compressor 2. Connector

1

2

Figure 36
1. Water separator
2. Outlet

3. Fuel hose

1

3

2

4. Connect suitable hoist or lift to the front and rear lift
tabs on engine.

CAUTION

One person should operate lift or hoist while the
other person guides the engine into the machine.

IMPORTANT: Make sure not to damage the engine,
fuel and hydraulic lines, electrical harness or other
parts while installing the engine.

5. Slowly lower engine into the machine.

6. Align engine mount brackets to the engine isolator
mounts and secure with cap screws, snubbing washers
and lock nuts.

7. Connect fuel hose to water separator outlet (Fig. 36).

8. Install hydraulic pump assembly to engine (see
Pump Assembly Installation in the Service and Repairs
section of Chapter 4 -- Hydraulic Systems).

96



Groundsmaster 5900/5910 Page 3 -- 39 Diesel Engine

9. On Groundsmaster 5910 machines, install air condi-
tioning compressor to brackets (see Air Conditioning
Compressor Installation in the Service and Repairs sec-
tion of Chapter 10 -- Operator Cab). Make sure that drive

belt is properly tensioned.

10.Using notes taken during engine removal, connect
wires and/or electrical connections to the following elec-
trical components:

A. The alternator (Fig 32).

B. The temperature sensor on water pump housing
(Fig. 33).

C. Battery, frame and wire harness ground at the en-

gine block (Fig. 34).

IMPORTANT: When connecting wire harness to
engine electronic control module, make sure
that harness connector tab is aligned with corre-

sponding slot in control module.

D. The engine electronic control module.

E. The electric starter motor.

F. The air intake heater.

G. The air conditioning compressor (Groundsmas-
ter 5910 machines) (Fig. 35).

11. Install air cleaner assembly to the engine and intake
hoses to charge air cooler (see Air Cleaner Installation

in this section). Make sure to torque hose clamps that
secure intake system hoses from 45 to 55 in--lb (5.1 to
6.2 N--m).

12.Install exhaust system to machine (see Exhaust Sys-
tem Installation in this section).

13.Connect coolant hoses to the radiator. Make sure ra-
diator drain is shut. Fill radiator and reservoir with cool-

ant.

14.Check position of electrical harnesses, fuel lines and
hydraulic hoses for proper clearance with rotating, high
temperature and moving components.

15.Connect positive battery cable first and then nega-
tive battery cable (see Battery Installation in the Service
and Repairs section of Chapter 5 -- Electrical System).
Secure batteries to machine with straps. Install access

panel.

16.Check and adjust engine oil as needed.

17.Check and adjust hydraulic oil as needed.

18.Bleed fuel system.

19.Run engine and check for any leaks.

20.Operate hydraulic controls to properly fill hydraulic
system (see Charge Hydraulic System in the Service
and Repairs section of Chapter 4 -- Hydraulic System).

21.Install hood to machine (see Hood Installation in the
Service and Repairs section of Chapter 7 -- Chassis).
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Flywheel Coupling Assembly

Figure 37

1. Cap screw (12 used)
2. Washer (12 used)
3. Coupling housing

4. Cap screw (8 used)
5. Washer (8 used)

6. Flywheel coupling
7. Engine assembly

FRONT

RIGHT

29 to 33 ft--lb

(40 to 44 N--m)

Threadlocker
Permatex

1

2

3

4

5
6

7
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Disassembly (Fig. 37)

1. If engine is in machine, hydraulic pump assembly
needs to be removed from engine before coupling can
be serviced (see Pump Assembly in Chapter 4 -- Hy-

draulic Systems).

2. Remove coupling housing and flywheel coupling
from engine using Figure 37 as a guide.

Assembly (Fig. 37)

1. Position flywheel coupling to engine flywheel. Make
sure that coupling hub is away from engine flywheel
(Fig. 38).

2. Apply Permatex Blue Gel medium strength thread-

locker (or equivalent) to threads of cap screws (item 4).
Secure coupling to engine flywheel with eight (8) cap
screws and washers. Torque cap screws from 29 to 33
ft--lb (40 to 44 N--m).

3. Position coupling housing to engine. Secure housing
with twelve (12) cap screws and washers using a cross-
ing pattern tightening procedure. Torque screws from 29
to 33 ft--lb (40 to 44 N--m).

4. If engine is in machine, install hydraulic pump as-
sembly (see Pump Assembly in Chapter 4 -- Hydraulic
Systems).

Figure 38

1. Flywheel housing
2. Engine flywheel
3. Flywheel coupling

4. Coupling hub
5. Cap screw (8 used)

Engine Side
Hydraulic

Pump Side

1

2

3

4

5
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Chapter 4

Hydraulic System
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SAUER DANFOSS D SERIES GEAR PUMP SEAL KIT
SERVICE INSTRUCTION BULLETIN

REXROTH VARIABLE PUMP A10VG REPAIR IN-
STRUCTIONS

REXROTH VARIABLE PUMP A10VG REPAIR MANU-
AL

EATON REPAIR INFORMATION: MODEL 74318 and
74348 PISTON MOTORS

PARKER TORQMOTORTM SERVICE PROCEDURE
(TC, TB, TE, TJ, TF, TG, TH AND TL SERIES)

EATON PARTS AND REPAIR INFORMATION: 5
SERIES STEERING CONTROL UNITS
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Specifications

Item Description

Piston (Traction) Pump Rexroth Bosch, Variable Displacement Piston Pump
Maximum Pump Displacement (per revolution) 3.84 Cubic Inches (63 cc)

Traction Relief Pressure
Forward 4330 PSI (299 bar)
Reverse 5330 PSI (368 bar)

Charge Circuit Relief Pressure 330 PSI (22.8 bar)

Front Wheel Motors Eaton Fixed Displacement Piston Motor
Displacement (per revolution) 1.80 Cubic Inches (29.5 cc)

Rear Wheel Motors Parker Orbital Rotor Motor, TG Series
Displacement (per revolution) 14.5 Cubic Inches (238 cc)

Gear Pump Sauer--Danfoss 3 Section Gear Pump, D Series
Section P1 Displacement (per revolution) 1.94 Cubic Inches (31.8 cc)
Section P2 Displacement (per revolution) 1.94 Cubic Inches (31.8 cc)
Section P3 Displacement (per revolution) 1.25 Cubic Inches (20.5 cc)

Cutting Deck Motors Casappa Gear Motor
Displacement (per revolution) 1.61 Cubic Inches (26.4 cc)
Relief Pressure (front and left decks) 3000 PSI (207 bar)
Relief Pressure (right deck) 2000 PSI (138 bar)

Steering Valve Eaton Steering Unit, Series 5

Steering Circuit Relief Pressure 2100 PSI (145 bar)

Lift/Lower Circuit Relief Pressure 1350 PSI (93 bar)

Engine Cooling Fan Motor Casappa Gear Motor
Displacement (per revolution) 1.03 Cubic Inches (16.9 cc)

Hydraulic Filters (2 used) Spin--on Cartridge Type
40 PSI (2.8 bar) Bypass in Filter Manifold

Filter Manifold Includes Filter Restriction Indicator

Hydraulic Reservoir Capacity 19 U.S. Gallons (71.9 Liters)

Hydraulic Reservoir In--line Suction Strainer 100 Mesh (in Reservoir)

Hydraulic Oil See Operator’s Manual
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General Information

Traction Unit Operator’s Manual

The Traction Unit Operator’s Manual provides informa-
tion regarding the operation, general maintenance and
maintenance intervals for your Groundsmaster ma-
chine. Refer to that publication for additional information

when servicing the machine.

Check Hydraulic Fluid

The hydraulic system on your Groundsmaster is de-
signed to operate on anti--wear hydraulic fluid. The res-
ervoir holds approximately 19 gallons (71.9 liters) of
hydraulic fluid. Check level of hydraulic fluid daily.

See Operator’s Manual for fluid level checking proce-
dure and hydraulic oil recommendations.

1. Hydraulic oil cap 2. Tank cover

Figure 1

1

2

Relieving Hydraulic System Pressure

Before disconnecting or performing any work on the hy-
draulic system, all pressure in the hydraulic system
must be relieved. Park machine on a level surface, lower
cutting decks fully, disengage PTO, stop engine and en-

gage parking brake.

System pressure in mow circuit is relieved when the cut-
ting decks are disengaged. To relieve hydraulic pres-
sure in steering circuit, rotate steering wheel in both

directions.

To relieve hydraulic pressure in lift circuit, make sure that
engine is not running and have operator seat occupied.
Turn ignition switch to RUN, depress deck lift switches
to the deck lower position and then release switch. Re-

turn ignition switch to the OFF position.
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Towing Traction Unit

IMPORTANT: If towing limits are exceeded, severe
damage to the piston (traction) pump may occur.

If it becomes necessary to tow or push the machine,
move machine in a forward direction at a speed below

2 mph (3.2 kph), and for a very short distance. If the ma-
chine needs to be moved more than 1/4 mile (0.4 km),
machine should be transported on a trailer. The piston
(traction) pump is equipped with two (2) bypass valves

that must be opened for towing or pushing (Fig. 2).

IMPORTANT: If the machine must be pushed or
towed in a reverse direction, the check valve in the
4WD control manifold must be bypassed. To bypass

this check valve, connect a hydraulic hose between
the traction pump reverse pressure test port (MA)
and the 4WD control manifold test port (G2) (Fig. 3).
Toro part numbers 95--8843 (hydraulic hose),

95--0985 (coupler fitting) (2 required) and 340--77
(hydraulic fitting) (2 required) are needed for this
connection.

If towing the machine is necessary, use the following

procedure:

1. Locate bypass valves on the traction pump (Fig. 2).

2. Open both bypass valves in traction pump:

A. Loosen the jam nut on bypass valve stem.

B. Thread bypass valve stem in six (6) turns.

C. Tighten the jam nut.

3. Tow or push machine in a forward direction as re-
quired. Make sure to not exceed speed or distance listed

above.

IMPORTANT: Using the tow option bypasses the
high pressure relief valves. Catastrophic compo-
nent damage can occur if hydraulic traction circuit

empties or overheats.

4. After moving machine, close both bypass valves:

A. Loosen the jam nut on bypass valve stem.

B. Thread bypass valve stem all the way out. Do not

exceed 8 ft--lb (11 N--m) torque to close bypass
valve.

C. Tighten jam nut to secure bypass valve.

1. Forward bypass valve
2. Reverse bypass valve

3. Reverse test port (MA)

Figure 2

2

1

3

1. 4WD manifold reverse test port (G2)
2. Traction pump reverse test port (MA)
3. Hydraulic hose

Figure 3

1

2

3
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Traction Circuit Component Failure

The traction circuit on Groundsmaster 5900 and 5910
machines is a closed loop system that includes the pis-
ton (traction) pump and four (4) wheel motors. If a com-
ponent in the traction circuit should fail, debris and

contamination from the failed component will circulate
throughout the traction circuit. This contamination can
damage other components in the circuit so it must be re-
moved to prevent additional component failure.

If a component failure occurs in the traction circuit, it is
recommended that the entire traction circuit be disas-
sembled, drained and thoroughly cleaned to ensure that
all contamination is removed from the circuit. If any de-

bris remains in the traction circuit and the machine is op-
erated, the debris can cause additional component
failure.

An alternative method of removing traction circuit con-

tamination would be to temporarily install a high pres-
sure hydraulic oil filter (see Special Tools) into the circuit.
The filter should be used when connecting hydraulic test
gauges in order to test traction circuit components or af-

ter replacing a failed traction circuit component (e.g.
traction (piston) pump or wheel motor). The filter will en-
sure that contaminates are removed from the closed
loop and thus, do not cause additional component dam-

age.

Once the filter has been placed in the circuit, operate the
traction circuit to allow oil flow through the circuit. The fil-
ter will remove contamination from the traction circuit
during circuit operation. The filter can be removed from

the machine after contamination has been removed
from the traction circuit.

IMPORTANT: When operating the traction system with
the high pressure filter installed, make sure that flow is

always directed through the filter before entering a re-
placed component (e.g. do not press the traction pedal
in the reverse direction if the filter is placed for forward
direction flow). If flow is reversed, debris from the filter

will re--enter the traction circuit.
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Hydraulic Hoses

Hydraulic hoses are subject to extreme conditions such
as pressure differentials during operation and exposure
to weather, sun, chemicals, very warm storage condi-
tions or mishandling during operation and maintenance.

These conditions can cause hose damage and deterio-
ration. Some hoses are more susceptible to these
conditions than others. Inspect all machine hydraulic
hoses frequently for signs of deterioration or damage:

Hard, cracked, cut, abraded, charred, leaking or
otherwise damaged hose.

Kinked, crushed, flattened or twisted hose.

Blistered, soft, degraded or loose hose cover.

Cracked, damaged or badly corroded hose fittings.

When replacing a hydraulic hose, be sure that the hose
is straight (not twisted) before tightening the fittings.
This can be done by observing the imprint (layline) on

the hose. Use two wrenches; hold the hose straight with
one wrench and tighten the hose swivel nut onto the fit-
ting with the other wrench (See Hydraulic Hose and
Tube Installation in this section). If the hose has an el-

bow at one end, tighten the swivel nut on that end before
tightening the nut on the straight end of the hose.

For additional hydraulic hose information, refer to Toro
Service Training Book, Hydraulic Hose Servicing (Part

Number 94813SL).

WARNING

Before disconnecting or performing any work on

hydraulic system, relieve all pressure in system

(see Relieving Hydraulic System Pressure in this

section).

Keep body and hands away from pin hole leaks or

nozzles that eject hydraulic fluid under high

pressure. Use paper or cardboard, not hands, to

search for leaks. Hydraulic fluid escaping under

pressure can have sufficient force to penetrate

the skin and cause serious injury. If fluid is in-

jected into the skin, it must be surgically re-

moved within a few hours by a doctor familiar

with this type of injury. Gangrene may result from

such an injury.
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Hydraulic Hose and Tube Installation (O--Ring Face Seal Fitting)

1. Make sure threads and sealing surfaces of the hose/
tube and the fitting are free of burrs, nicks, scratches or
any foreign material.

2. As a preventative measure against leakage, it is rec-

ommended that the face seal O--ring be replaced any
time the connection is opened. Make sure the O--ring is
installed and properly seated in the fitting groove. Lightly
lubricate the O--ring with clean hydraulic oil.

3. Place the hose/tube against the fitting body so that
the flat face of the hose/tube sleeve fully contacts the O--
ring in the fitting.

4. Thread the swivel nut onto the fitting by hand. While

holding the hose/tube with a wrench, use a torque
wrench to tighten the swivel nut to the recommended
installation torque shown in Figure 6. This tightening
process will require the use of an offset wrench (e.g.

crowfoot wrench). Use of an offset wrench will affect
torque wrench calibration due to the effective length
change of the torque wrench. Tightening torque when
using a torque wrench with an offset wrench will be lower

than the listed installation torque (see Using a Torque
Wrench with an Offset Wrench in the Torque Specifica-
tions section of Chapter 2 -- Product Records and Main-
tenance).

5. If a torque wrench is not available or if space at the
swivel nut prevents use of a torque wrench, an alternate
method of assembly is the Flats From Wrench Resist-
ance (F.F.W.R.) method (Fig. 2).

A. Using a wrench, tighten the swivel nut onto the fit-
ting until light wrench resistance is reached (approxi-
mately 30 in--lb).

B. Mark the swivel nut and fitting body. Hold the

hose/tube with a wrench to prevent it from turning.

C. Use a second wrench to tighten the nut to the cor-
rect Flats From Wrench Resistance (F.F.W.R.). The
markings on the nut and fitting body will verify that the
connection has been properly tightened.

Size F.F.W.R.

4 (1/4 in. nominal hose or tubing) 1/2 to 3/4
6 (3/8 in.) 1/2 to 3/4
8 (1/2 in.) 1/2 to 3/4
10 (5/8 in.) 1/2 to 3/4
12 (3/4 in.) 1/3 to 1/2
16 (1 in.) 1/3 to 1/2

Figure 4

O--ring
Fitting BodySwivel Nut

Tube or Hose

Figure 5

Final

AT WRENCH RESISTANCE

Position

Mark Nut
and Fitting

Initial
PositionExtend Line

AFTER TIGHTENING

Body

Fitting Dash Size Hose/Tube Side Thread Size Installation Torque

4 9/16 -- 18 18 to 22 ft--lb (25 to 29 N--m)

6 11/16 -- 16 27 to 33 ft--lb (37 to 44 N--m)

8 13/16 -- 16 37 to 47 ft--lb (51 to 63 N--m)

10 1 -- 14 60 to 74 ft--lb (82 to 100 N--m)

12 1 3/16 -- 12 85 to 105 ft--lb (116 to 142 N--m)

16 1 7/16 -- 12 110 to 136 ft--lb (150 to 184 N--m)

20 1 11/16 -- 12 140 to 172 ft--lb (190 to 233 N--m)

Figure 6
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Hydraulic Fitting Installation (SAE Straight Thread O--Ring Fitting into Component Port)

Non--Adjustable Fitting (Fig. 7)

1. Make sure all threads and sealing surfaces of fitting
and component port are free of burrs, nicks, scratches
or any foreign material.

2. As a preventative measure against leakage, it is rec-
ommended that the O--ring be replaced any time the
connection is opened.

3. Lightly lubricate the O--ring with clean hydraulic oil.

Fitting threads should be clean with no lubricant applied.

IMPORTANT: Before installing fitting into port, de-
termine port material. If fitting is to be installed into
an aluminum port, installation torque is reduced.

4. Install the fitting into the port. Then, use a torque
wrench and socket to tighten the fitting to the recom-
mended installation torque shown in Figure 8.

NOTE: Use of an offset wrench (e.g. crowfoot wrench)

will affect torque wrench calibration due to the effective
length change of the torque wrench. Tightening torque
when using a torque wrench with an offset wrench will
be less than the recommended installation torque. See

Using a Torque Wrench with an Offset Wrench in the
Torque Specifications section of Chapter 2 -- Product
Records and Maintenance to determine necessary con-
version information.

5. If a torque wrench is not available, or if space at the
port prevents use of a torque wrench, an alternate meth-
od of assembly is the Flats From Finger Tight (F.F.F.T.)
method.

A. Install the fitting into the port and tighten it down
full length until finger tight.

B. If port material is steel, tighten the fitting to the
listed F.F.F.T. If port material is aluminum, tighten fit-

ting to 60% of listed F.F.F.T.

Size F.F.F.T.

4 (1/4 in. nominal hose or tubing) 1.00 + 0.25
6 (3/8 in.) 1.50 + 0.25
8 (1/2 in.) 1.50 + 0.25
10 (5/8 in.) 1.50 + 0.25
12 (3/4 in.) 1.50 + 0.25
16 (1 in.) 1.50 + 0.25

Figure 7

O--ring

Fitting

Fitting
Dash Size

Fitting Port Side
Thread Size

Installation Torque Into
Steel Port

Installation Torque Into
Aluminum Port

4 7/16 -- 20 15 to 19 ft--lb (21 to 25 N--m) 9 to 11 ft--lb (13 to 15 N--m)

5 1/2 -- 20 18 to 22 ft--lb (25 to 29 N--m) 11 to 15 ft--lb (15 to 20 N--m)

6 9/16 -- 18 34 to 42 ft--lb (47 to 56 N--m) 20 to 26 ft--lb (28 to 35 N--m)

8 3/4 -- 16 58 to 72 ft--lb (79 to 97 N--m) 35 to 43 ft--lb (48 to 58 N--m)

10 7/8 -- 14 99 to 121 ft--lb (135 to 164 N--m) 60 to 74 ft--lb (82 to 100 N--m)

12 1 1/16 -- 12 134 to 164 ft--lb (182 to 222 N--m) 81 to 99 ft--lb (110 to 134 N--m)

14 1 3/16 -- 12 160 to 196 ft--lb (217 to 265 N--m) 96 to 118 ft--lb (131 to 160 N--m)

16 1 5/16 -- 12 202 to 248 ft--lb (274 to 336 N--m) 121 to 149 ft--lb (165 to 202 N--m)

20 1 5/8 -- 12 247 to 303 ft--lb (335 to 410 N--m) 149 to 183 ft--lb (202 to 248 N--m)

Figure 8
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Adjustable Fitting (Fig. 9)

1. Make sure all threads and sealing surfaces of fitting
and component port are free of burrs, nicks, scratches
or any foreign material.

2. As a preventative measure against leakage, it is rec-

ommended that the O--ring be replaced any time the
connection is opened.

3. Lightly lubricate the O--ring with clean hydraulic oil.
Fitting threads should be clean with no lubricant applied.

4. Turn back the lock nut as far as possible. Make sure
the back up washer is not loose and is pushed up as far
as possible (Step 1 in Figure 10).

IMPORTANT: Before installing fitting into port, de-

termine port material. If fitting is to be installed into
an aluminum port, installation torque is reduced.

5. Install the fitting into the port and tighten finger tight
until the washer contacts the face of the port (Step 2).

6. To put the fitting in the desired position, unscrew it by
the required amount, but no more than one full turn
(Step 3).

7. Hold the fitting in the desired position with a wrench

and use a torque wrench to tighten the fitting to the rec-
ommended installation torque shown in Figure 8. This
tightening process will require the use of an offset
wrench (e.g. crowfoot wrench). Use of an offset wrench

will affect torque wrench calibration due to the effective
length change of the torque wrench. Tightening torque
when using a torque wrench with an offset wrench will
be lower than the listed installation torque (see Using a

Torque Wrench with an Offset Wrench in the Torque
Specifications section of Chapter 2 -- Product Records
and Maintenance).

8. If a torque wrench is not available, or if space at the

port prevents use of a torque wrench, an alternate meth-
od of assembly is the Flats From Finger Tight (F.F.F.T.)
method. Hold the fitting in the desired position with a
wrench and, if port material is steel, tighten the lock nut

with a second wrench to the listed F.F.F.T (Step 4). If port
material is aluminum, tighten fitting to 60% of listed
F.F.F.T.

Size F.F.F.T.

4 (1/4 in. nominal hose or tubing) 1.00 + 0.25
6 (3/8 in.) 1.50 + 0.25
8 (1/2 in.) 1.50 + 0.25
10 (5/8 in.) 1.50 + 0.25
12 (3/4 in.) 1.50 + 0.25
16 (1 in.) 1.50 + 0.25

Figure 9

Lock Nut

Back--up Washer

O--ring

Figure 10

Step 3Step 1

Step 2 Step 4
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Hydraulic Schematic

The hydraulic schematic for Groundsmaster 5900 and
5910 machines is located in Chapter 10 -- Foldout Draw-
ings.
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Hydraulic Flow Diagrams
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Traction Circuit: Low Speed

A variable displacement, bi--directional piston pump is
directly coupled to the engine flywheel to provide hy-
draulic flow for the traction circuit. The piston pump
swash plate movement is controlled by an electronic

proportional servo assembly. Pushing the traction pedal
rotates a potentiometer that sends a signal to the ma-
chine TEC--5002 controller. The controller in turn sends
a corresponding PWM (Pulse Width Modulation) output

signal to the hydrostat electronic control to rotate the
pump swash plate accordingly to control the pump’s out-
put. The oil from the hydrostat is directed to the front and
rear wheel motors through the traction, 4WD and trac-

tion flush control manifolds.

Operating pressure on the high pressure side of the
closed loop traction circuit is determined by the amount
of load developed at the fixed displacement wheel mo-

tors. As the load increases, circuit pressure can in-
crease to relief valve settings: 4330 PSI (299 bar) in the
forward direction and 5330 PSI (368 bar) in reverse. If
pressure exceeds the relief setting, oil flows through the

relief valve to the low pressure side of the closed loop
traction circuit.

Traction circuit pressure (forward and reverse) can be
measured at test ports located on the hydrostat.

The traction circuit provides operation in either low
speed (four wheel assist) or high speed (two wheel
drive).

The traction pump and wheel motors use a small

amount of hydraulic fluid for internal lubrication. Fluid is
designed to leak across the pump and motor parts and
into the component case drain. This leakage results in
the loss of hydraulic fluid from the closed loop traction

circuit that must be replaced. The charge circuit is de-
signed to replace this traction circuit leakage.

The gear pump section (P3) that supplies oil to the steer-
ing, lift and cooling fan circuits, also provides charge oil

for the traction circuit. The gear pump is driven directly
off the traction pump. It provides a constant supply of
charge oil to the traction circuit to make up for oil that is
lost to internal leakage in the traction pump and wheel

motors. Charge pump flow is directed through the
charge oil filter before entering the hydrostat. This filter
has a bypass valve that allows charge oil flow to the
closed traction loop if the filter becomes plugged.

The charge pressure is limited to 330 PSI (22.8 bar) by
a relief valve located in the hydrostat. Charge pressure
can be measured at the charge pressure test port (G) on
the hydrostat.

Forward Direction

With the low speed range selected and the traction ped-
al pushed in the forward direction, oil from the hydrostat
port MB passes through the traction control valve (see

Traction Circuit: Traction Control in this section). Oil flow
from traction control valve port M1 drives the front wheel
motors in the forward direction and then returns to the
hydrostat. Oil flow from traction control valve port M2 is

routed to the P1 port of the 4WD control valve where it
is directed to the PD1 cartridge and out of the manifold
to drive the rear wheel motors in the forward direction.
Oil returning from the rear motors re--enters the 4WD

control valve at the M2 port. Flow passes through the
PD2 cartridge, through the CV check valve, out valve
port P2 and back to the hydrostat.

To keep the traction circuit oil properly cooled, a flush

valve is incorporated into the traction circuit. When in the
forward direction, the flush valve spool is shifted by for-
ward pressure and allows a small amount of hydraulic
fluid to bleed off for cooling of the closed loop traction cir-

cuit. The charge system replenishes oil that is bled from
the traction circuit due to the flushing valve operation.

When going down a hill, the tractor becomes an over--
running load that drives the wheel motors. In this condi-

tion, the rear wheel motors could lock up as the oil
pumped from the motors increases pressure as it re-
turns to the hydrostat. To prevent wheel lock up, an ad-
justable relief valve (RV) in the 4WD control valve

reduces rear motor pressure created in down hill, dy-
namic braking conditions.

Reverse Direction

The traction circuit operates essentially the same in re-

verse low speed as it does in the forward direction. How-
ever, the flow through the circuit is reversed. Oil flow
from the hydrostat port MA is directed to the front wheel
motors and to 4WD control valve port P2. Oil to the front

wheel motors drives them in the reverse direction and
then returns to the hydrostat through the traction control
valve. Oil flow to the 4WD control valve flows through the
PR pressure reducing valve which limits the down

stream pressure to the rear wheel motors to 650 PSI (45
bar) so the rear wheels will not scuff the turf. This re-
duced pressure flow passes through the PD2 cartridge
and out port M2 to the rear wheel motors. Return oil from

the rear motors re--enters the 4WD control valve at port
M1, flows through the PD1 cartridge, exits the manifold
at port P1 and returns to the hydrostat through the trac-
tion control manifold.

When in the reverse direction, the flush valve spool re-
mains in the unshifted position to prevent any traction
circuit fluid loss.
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Traction Circuit: High Speed

A variable displacement, bi--directional piston pump is
directly coupled to the engine flywheel to provide hy-
draulic flow for the traction circuit. The piston pump
swash plate movement is controlled by an electronic

proportional servo assembly. Pushing the traction pedal
rotates a potentiometer that sends a signal to the ma-
chine TEC--5002 controller. The controller in turn sends
a corresponding PWM (Pulse Width Modulation) output

signal to the hydrostat electronic control to rotate the
pump swash plate accordingly to control the pump’s out-
put. The oil from the hydrostat is directed to the front and
rear wheel motors through the traction, 4WD and trac-

tion flush control manifolds.

Operating pressure on the high pressure side of the
closed loop traction circuit is determined by the amount
of load developed at the fixed displacement wheel mo-

tors. As the load increases, circuit pressure can in-
crease to relief valve settings: 4330 PSI (299 bar) in the
forward direction and 5330 PSI (368 bar) in reverse. If
pressure exceeds the relief setting, oil flows through the

relief valve to the low pressure side of the closed loop
traction circuit.

Traction circuit pressure (forward and reverse) can be
measured at test ports located on the hydrostat.

The traction circuit provides operation in either low
speed (four wheel assist) or high speed (two wheel
drive).

The traction pump and wheel motors use a small

amount of hydraulic fluid for internal lubrication. Fluid is
designed to leak across the pump and motor parts and
into the component case drain. This leakage results in
the loss of hydraulic fluid from the closed loop traction

circuit that must be replaced. The charge circuit is de-
signed to replace this traction circuit leakage.

The gear pump section (P3) that supplies oil to the steer-
ing, lift and cooling fan circuits, also provides charge oil

for the traction circuit. The gear pump is driven directly
off the traction pump. It provides a constant supply of
charge oil to the traction circuit to make up for oil that is
lost to internal leakage in the traction pump and wheel

motors. Charge pump flow is directed through the
charge oil filter before entering the hydrostat. This filter
has a bypass valve that allows charge oil flow to the
closed traction loop if the filter becomes plugged.

The charge pressure is limited to 330 PSI (22.8 bar) by
a relief valve located in the hydrostat. Charge pressure
can be measured at the charge pressure test port on the
hydrostat.

Forward Direction

With the Hi--Lo speed switch in the high range position,
solenoid valve (S) in the 4WD control manifold is ener-
gized. The solenoid valve spool shifts to direct charge

pressure that shifts the PD1 and PD2 control valve
spools. The shifted PD1 valve prevents hydraulic flow
from the hydrostat to the rear wheel motors. With flow
blocked to the rear wheel motors, all hydrostat flow is di-

rected to the front wheel motors to allow a higher, trans-
port speed in the forward direction.

Without flow to the rear wheel motors, the rotating rear
wheels drive the rear wheel motors so they act like a

pump. Inlet oil to the rear wheel motors is provided by a
check valve that allows charge oil into the rear wheel
motor circuit. Oil leaving the rear wheel motors enters
the 4WD control manifold at port M2 and is directed back

to the rear wheel motors through the PD1 cartridge and
manifold port M1. To allow for rear wheel loop cooling
when in forward Transport operation, a small amount of
oil exits through the shifted PD2 cartridge and returns to

the charge circuit.

Reverse Direction

With the Hi--Lo speed switch in the high range position,
solenoid valve (S) in the 4WD control manifold is ener-

gized. The solenoid valve spool shifts to direct charge
pressure that shifts the PD1 and PD2 control valve
spools. Oil flow from the hydrostat port MA enters the
4WD control manifold at port P2, flows through the PR

pressure reducing valve and is stopped at the shifted
PD2 valve. With flow blocked to the rear wheel motors,
all hydrostat flow is directed to the front wheel motors to
allow a higher, transport speed in the reverse direction.

Without flow to the rear wheel motors, the rotating rear
wheels drive the rear wheel motors so they act like a
pump. Inlet oil to the rear wheel motors is provided by a
check valve at the 4WD control manifold CH port that al-

lows charge oil into the rear wheel motor circuit. This
charge oil is routed through the shifted PD2 cartridge
and out manifold port M2 to the rear wheel motors. Re-
turn flow from the rear wheel motors enters the 4WD

control manifold at port M1, through the shifted PD1 car-
tridge and and is then directed back to the rear wheel
motors as they turn in the reverse direction.
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Traction Circuit: Traction Control

A flow divider is incorporated into the traction circuit to
provide a proportioned flow to the front and rear wheel
motors for a true four--wheel drive system. When the Hi--
Lo speed switch is in the Low position and the traction

pedal is pressed for the forward direction, the operator
can engage the traction flow divider when low traction si-
tuations could lead to wheel spin. The engaged flow di-
vider splits traction pump flow equally between the front

and rear wheel motors to reduce the chance that exces-
sive flow goes to a spinning wheel.

The TEC--5001 controller does not allow Traction Assist
to be activated while the tractor is in the high speed

range in either forward or reverse. The controller also
prevents Traction Assist in the reverse direction when in
low speed range.

To further enhance traction control, the lift/lower circuit

is equipped with a counterbalance system. Counterbal-
ance is achieved by applying a constant pressure to the
base end of the lift cylinders to lift the cutting decks
slightly. This action causes some of the cutting deck

weight to be transferred to the traction unit to improve
traction. An adjustable counterbalance valve (LC) lo-
cated in the deck lift control manifold controls the
amount of counterbalance pressure in the lift circuit.

Traction Assist Switch in OFF Position

In low speed range with the Traction Assist switch in the
OFF position, solenoid valve (S) in the traction control
manifold is de--energized allowing the PD cartridge

spool to be in the neutral position. With the traction pedal
in the forward direction, hydraulic oil from the hydrostat
port MB enters the traction control manifold at port P,
flows through the FD cartridge and enters the PD car-

tridge. Flow at the PD cartridge splits into two circuits de-
pending on downstream pressure. The flow leaving the
PD cartridge splits between the M1 manifold port for the
front wheel motors and the M2 manifold port for the rear

wheel motors.

Traction Assist Switch in ON Position

In low speed range with the traction pedal in the forward
direction and the momentary Traction Assist switch de-

pressed and held in the ON position, solenoid valve (S)
in the traction control manifold is energized allowing
charge pressure to shift the PD cartridge spool. The
shifted PD cartridge blocks oil flow from the hydrostat,

thereby forcing hydrostat oil flow through the FD propor-
tional flow control valve. The flow from the hydrostat is
split approximately equally between the front and rear
wheel motors as long as the Traction Assist switch is de-

pressed.
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Raise Cutting Deck

A three section gear pump is coupled to the piston (trac-
tion) pump. The gear pump section (P3) farthest from
the piston pump supplies hydraulic flow to the lift control
manifold, the steering/cooling fan control manifold and

the traction charge circuit. Hydraulic flow from pump
section (P3) is split between the lift/lower circuit and the
steering/cooling fan/charge circuit by a proportional flow
divider located in the lift control manifold. This flow divid-

er splits pump flow approximately 25% for the lift/lower
circuit (4 GPM/15.1 LPM) and 75% for the steering/cool-
ing fan/charge circuit (10 GPM/37.9 LPM).

An adjustable counterbalance valve (LC) in the lift con-

trol manifold maintains back pressure on the deck lift cyl-
inders to allow some of the cutting deck weight to be
transferred to the traction unit to improve traction. A re-
lief valve (RV) located in the lift control manifold limits lift/

lower circuit pressure to 1350 PSI (93 bar).

Each of the cutting decks (center, right and left) can be
raised independently with the use of three switches on
the armrest console (Fig. 11). Pressing the rear of a

switch provides an input for the TEC--5001 controller to
raise a cutting deck. The controller provides electrical
outputs to solenoids in the lift control manifold to allow
appropriate valve shift to cause a deck to raise.

When the cutting decks are in a stationary position, all
solenoids in the lift control manifold are de--energized.
In this position, the flow from the gear pump that is pro-
portioned for the lift/lower circuit is by--passed through

the solenoid valve S1, the counterbalance logic car-
tridge LC and returns to the hydraulic reservoir.

NOTE: The operator must be in the operator seat to
raise a cutting deck.

Center Cutting Deck Raise

To raise the center cutting deck, the rear of the center
console switch is depressed. The switch signal is an in-
put to the TEC--5001 controller which provides an elec-

trical output to solenoid valves S1 and S5 in the lift
control manifold. The energized solenoid valves shift to
allow a passage for circuit oil flow to the barrel end of the
center deck lift cylinder. Shifted S1 prevents oil flow from

returning directly to the reservoir. Shifted S5 allows an
oil path to the barrel end of the lift cylinder to extend the
lift cylinder and raise the center cutting deck. Oil from the
extending cylinder returns to the hydraulic reservoir.

When the deck switch is released, the lift/lower control
solenoids are de--energized and the center deck lift cyl-
inders and center cutting deck are held in position.

Right Cutting Deck Raise

To raise the right wing deck, the rear of the right console
switch is pushed as an input to the TEC--5001 controller.
The controller provides an electrical output to solenoid

valves S1 and S7 in the lift control manifold. The ener-
gized solenoid valves shift to allow a passage for circuit
oil flow to the rod end of the right deck lift cylinder.
Shifted S1 prevents oil flow from returning directly to the

reservoir. Shifted S7 allows an oil path through the
check valve at S9 (de--energized), the check valve at
OR2 and to the barrel end of the lift cylinder to extend the
lift cylinder and raise the right cutting deck. Oil from the

extending cylinder is directed through S9 (de--ener-
gized) and returns to the hydraulic reservoir.

When the deck switch is released, the lift/lower control
solenoids are de--energized and the lift cylinder and

right cutting deck are held in position.

Left Cutting Deck Raise

To raise the left wing deck, the rear of the left console
switch is pushed as an input to the TEC--5001 controller.

The controller provides an electrical output to solenoid
valves S1 and S2 in the lift control manifold. The ener-
gized solenoid valves shift to allow a passage for circuit
oil flow to the barrel end of the left deck lift cylinder.

Shifted S1 prevents oil flow from returning directly to the
reservoir. Shifted S2 allows an oil path through the
check valve at S4 (de--energized), the check valve at
OR1 and to the barrel end of the lift cylinder to extend the

lift cylinder and raise the left cutting deck. Oil from the
extending cylinder is directed through S3 (de--ener-
gized) and returns to the hydraulic reservoir.

When the deck switch is released, the lift/lower control

solenoids are de--energized and the lift cylinder and left
cutting deck are held in position.

1. Right deck switch
2. Center deck switch

3. Left deck switch

Figure 11
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Lower Cutting Deck

A three section gear pump is coupled to the piston (trac-
tion) pump. The gear pump section (P3) farthest from
the piston pump supplies hydraulic flow to the lift control
manifold, the steering/cooling fan control manifold and

the traction charge circuit. Hydraulic flow from pump
section (P3) is split between the lift/lower circuit and the
steering/cooling fan/charge circuit by a proportional flow
divider located in the lift control manifold. This flow divid-

er splits pump flow approximately 25% for the lift/lower
circuit and 75% for the steering/cooling fan/charge cir-
cuit.

An adjustable counterbalance valve (LC) in the lift con-

trol manifold maintains back pressure on the deck lift cyl-
inders to allow some of the cutting deck weight to be
transferred to the traction unit to improve traction. A re-
lief valve (RV) located in the lift control manifold limits lift/

lower circuit pressure to 1350 PSI (93 bar).

Each of the cutting decks (center, right and left) can be
lowered independently with the use of three (3) switches
on the armrest console (Fig. 11). Pressing the front of a

switch provides an input for the TEC--5001 controller to
lower a cutting deck. The controller provides electrical
outputs to solenoids in the lift control manifold to allow
appropriate valve shift to cause a deck to lower.

When the cutting decks are in a stationary position, all
solenoids in the lift control manifold are de--energized.
In this position, the flow from the gear pump that is pro-
portioned for the lift/lower circuit is by--passed through

the solenoid valve S1, the counterbalance logic car-
tridge LC and returns to the hydraulic reservoir.

NOTE: The operator must be in the operator seat in or-
der to lower a cutting deck.

Center Cutting Deck Lower

To lower the center cutting deck, the front of the center
console switch is depressed. The switch signal is an in-
put to the TEC--5001 controller which provides an elec-

trical output to solenoid valve S6 in the lift control
manifold. Energized solenoid valve S6 shifts to allow a
passage for oil flow from the rod end of the center deck
lift cylinders. The weight of the cutting deck causes the

center deck lift cylinders to retract and lower the center
cutting deck.

When the deck switch is released, the lift/lower control
solenoid is de--energized and the lift cylinders and cen-

ter cutting deck are held in position.

Right Cutting Deck Lower

To lower the right wing deck, the front of the right console
switch is pushed as an input to the TEC--5001 controller.
The controller provides an electrical output to solenoid

valves S1, S8 and S9 in the lift control manifold. The en-
ergized solenoid valves shift to allow a passage for cir-
cuit oil flow to the rod end of the right deck lift cylinder.
Shifted S1 prevents oil flow from returning directly to the

reservoir. Shifted S8 allows an oil path to the shaft end
of the lift cylinder to retract the lift cylinder and lower the
right cutting deck. Oil from the retracting cylinder flows
through orifice OR2 to control the drop speed of the cut-

ting deck. Flow is then directed through the shifted S9,
counterbalance valve (LC) and returns to the hydraulic
reservoir.

When the deck switch is released, the lift/lower control

solenoids are de--energized and the lift cylinder and
right cutting deck are held in position.

Left Cutting Deck Lower

To lower the left wing deck, the front of the left console

switch is pushed as an input to the TEC--5001 controller.
The controller provides an electrical output to solenoid
valves S1, S3 and S4 in the lift control manifold. The en-
ergized solenoid valves shift to allow a passage for cir-

cuit oil flow to the rod end of the left deck lift cylinder.
Shifted S1 prevents oil flow from returning directly to the
reservoir. Shifted S3 allows an oil path to the shaft end
of the lift cylinder to retract the lift cylinder and lower the

left cutting deck. Oil from the retracting cylinder flows
through orifice OR1 to control the drop speed of the cut-
ting deck. Flow is then directed through the shifted S3,
counterbalance valve (LC) and returns to the hydraulic

reservoir.

When the deck switch is released, the lift/lower control
solenoids are de--energized and the lift cylinder and left
cutting deck are held in position.

Cutting Deck Float

Cutting deck float allows the fully lowered cutting decks
to follow ground surface contours. Lift control manifold
solenoid valves S4 (left deck), S6 (center deck) and S9

(right deck) are energized when the decks are fully low-
ered. These energized solenoids provide an oil passage
to and from the lift cylinders to allow cylinder and cutting
deck movement while mowing. Counterbalance pres-

sure will affect deck float operation.

NOTE: If a deck is already fully lowered when the igni-
tion switch is moved from OFF to RUN, the deck will not
be in float until the deck lift/lower switch is momentarily

pressed to lower.
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PTO Mow Circuit

A three section gear pump is coupled to the piston (trac-
tion) pump. Hydraulic flow for the PTO mow circuit is
supplied by two (2) sections of the gear pump. The gear
pump section (P1) closest to the piston pump supplies

hydraulic flow in series to the right and left decks, while
the next gear pump section (P2) supplies the center
deck. Each of the three (3) cutting decks is controlled by
a hydraulic control manifold equipped with a solenoid

control valve (S), logic cartridges (LC1) and (LC2), a
brake relief cartridge (RV2) and a circuit relief cartridge
(RV1).

PTO Not Engaged

When the PTO switch is OFF or if the deck is raised with
the PTO switch ON, the PTO manifold solenoid valve (S)
is not energized and the solenoid spool is in the neutral
position. The solenoid valve spool in neutral allows a

small amount of hydraulic flow to return to tank through
a manifold sensing line which causes a pressure in-
crease that shifts logic cartridge LC1. The pump flow is
routed through shifted LC1 and out manifold port P2.

Logic cartridge LC2 remains in the unshifted position to
prevent any return flow from the deck motor to keep the
motor from rotating.

Return flow from the front and right deck control man-

ifolds is routed through the oil cooler, oil filter and then
to the gear pump input. Return flow from the left deck
control manifold provides supply for the right deck.

PTO Engaged

When the PTO switch is turned ON and the decks are
lowered, the PTO control manifold solenoid valve (S) is
energized by the TEC--5002 controller. The shifted sole-
noid valve spool prevents any sense line flow through

the spool which causes the logic cartridge LC1 to be in
its neutral position. Gear pump flow entering the man-
ifold is routed out manifold port M1 and to the cutting
deck motor. The return flow from the deck motor re--en-

ters manifold port M2. The shifted solenoid valve spool
allows a small amount of hydraulic flow to return to tank
through a manifold sensing line which causes a pres-
sure increase that shifts logic cartridge LC2. Hydraulic

flow is routed through shifted LC2, out manifold port P2,
through the oil cooler and filter and then is routed to the
gear pump input. The deck motor continues to rotate as
long as solenoid valve (S) is energized.

Deck motor case drain leakage returns directly to the hy-
draulic reservoir.

PTO Circuit Relief

Maximum mow circuit pressure is limited for each deck
by a relief valve (RV1) in the hydraulic control manifold.
The center and left deck relief valves are set at 3000 PSI

(207 bar) and the right deck relief valve is set at 2000 PSI
(138 bar).

Relief valve (RV1) and logic cartridge (LC1) work to-
gether as a two stage relief. When increased circuit re-

sistance is met or if a cutting blade should strike an
object, the pressure increase is felt at the relief valve. If
the pressure should exceed the relief valve setting, the
relief valve will open, creating a small amount of hydrau-

lic flow to return to tank through a manifold sensing line.
This flow causes a pressure increase that shifts logic
cartridge LC1 and diverts circuit flow away from the deck
motor to manifold port P2 (Fig. 12). When circuit pres-

sure lowers, relief valve (RV1) closes which returns logic
cartridge LC1 back to its neutral position allowing flow
to return to the deck motor.

Figure 12

PUMP FLOW
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PTO Mow Circuit Cutting Deck Blade Braking

When the operator turns the PTO switch OFF or if a deck
is raised with the PTO switch ON, PTO control manifold
solenoid valve (S) is de--energized causing logic car-
tridge (LC1) to shift (refer to information in PTO Mow Cir-

cuit in this section). This shifted cartridge allows oil
return out manifold port P2. At the same time, solenoid
valve (S) in its neutral position prevents any sense line
flow through the spool which causes the logic cartridge

LC2 to shift to its neutral position blocking return flow
from the deck motor and slowing the cutting blades (Fig.
13).

The inertia of the rotating cutting blades, however, effec-

tively turns the deck motor into a pump causing an in-
crease in pressure as the flow from the motor comes up
against the closed logic cartridge (LC2). When this pres-
sure builds to approximately 600 PSI (41 bar), relief

valve (RV2) opens which allows a small amount of hy-
draulic flow to return to tank through a manifold sensing
line (Fig. 14). This flow causes a pressure increase that
shifts logic cartridge LC2 to once again allow oil flow

from the motor (Fig. 15). When return pressure drops
below 600 PSI (41 bar), relief valve (RV2) reseats and
causes LC2 to close again blocking return flow from the
deck motor to further slow the cutting blades. This action

of the brake relief valve opening and the logic cartridge
shifting occurs several times in a very short time frame
as the blades finally come to a stop. Once the blades
have stopped, logic cartridge LC2 remains in the neutral

position to keep the deck motor from rotating.

Figure 13

PUMP FLOW

RETURN

Figure 14

PUMP FLOW

RETURN

Figure 15

PUMP FLOW

RETURN
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Steering Circuit

A three section gear pump is coupled to the piston (trac-
tion) pump. The gear pump section (P3) farthest from
the piston pump supplies hydraulic flow to the steering/
cooling fan control manifold, the lift control manifold and

the traction charge circuit. Hydraulic flow from pump
section (P3) is split between the steering/cooling fan/
charge circuit and the lift/lower circuit by a proportional
flow divider located in the lift control manifold. This flow

divider splits pump flow approximately 75% for the
steering/cooling fan/charge circuit (10.5 GPM/39.7
LPM) and 25% for the lift/lower circuit (3.5 GPM/13.2
LPM).

The steering/cooling fan control manifold controls the
operation of the steering control valve and the gear mo-
tor that drives the engine cooling fan. Priority valve (PV)
in the manifold controls the oil flow to the steering control

valve which is a closed center, load sensing valve. The
steering control valve senses the oil flow that is needed
for steering and the priority valve (PV) will supply the
correct amount. Oil not used by steering is provided to

the cooling fan motor.

With the steering wheel in the neutral, at rest position
and the engine running, hydraulic oil from the lift control
manifold flow divider enters the steering/cooling fan

control manifold port P, flows through the priority valve
(PV) and to the steering control valve where it dead
heads at the spool. Oil is also sent to both ends of the
(PV) spool. On one end of the spool, oil is directed to the

steering relief valve (RV) and also is directed through
the OR orifice and out the LS manifold port to the steer-
ing control valve. This flow provides steering load sense
pressure and is directed through a small passage in the

steering control valve spool and sleeve before returning
to the charge circuit. While this load sense pressure is
returning to the charge circuit, the priority valve (PV)
spool shifts to direct pump flow to the engine fan motor

circuit. Without steering input, no oil is flowing through
the steering control valve.

Left Turn

When a left turn is made with the engine running, the

turning of the steering wheel positions the spool valve so
that the load sense flow is blocked off. Without load
sense flow, pressures on the ends of manifold priority
valve (PV) start to equalize causing (PV) to move toward

its neutral position which allows the needed oil to the
steering control valve. Oil is routed out manifold port CF,

into steering valve port P, through the steering control
spool, is drawn through the rotary meter section and out
the L port to the steering cylinders. The rotary meter en-
sures that the oil flow to the cylinders is proportional to

the amount of the turning on the steering wheel. Fluid
leaving the cylinders flows back through steering valve
R port, the spool valve, out the T port and is then used
for traction circuit charge oil.

The steering wheel and steering control valve return to
the neutral position when turning is completed.

Right Turn

When a right turn is made with the engine running, the

turning of the steering wheel positions the spool valve so
that the load sense flow is blocked off. Without load
sense flow, pressures on the ends of manifold priority
valve (PV) start to equalize causing (PV) to move toward

its neutral position which allows the needed oil to the
steering control valve. Oil is routed out manifold port CF,
into steering valve port P, through the steering control
spool, is drawn through the rotary meter section and out

the R port to the steering cylinders. The rotary meter en-
sures that the oil flow to the cylinders is proportional to
the amount of the turning on the steering wheel. Fluid
leaving the cylinders flows back through the steering

valve L port, the spool valve, out the T port and is then
used for traction circuit charge oil.

The steering wheel and steering control valve return to
the neutral position when turning is completed.

Steering Relief Operation

When the steering cylinders reach the end of their stroke
or if a rear wheel should encounter an obstruction (e.g.
a curb) while steering, the pressure in the steering circuit

will rise. Relief valve (RV) in the steering/cooling fan
control manifold senses this pressure increase. When
this pressure builds to approximately 2100 PSI (145
bar), relief valve (RV) opens and allows hydraulic flow

to return to tank. This action causes flow across the relief
valve side orifice of priority valve (PV) which shifts the
spool in (PV) to send oil away from the steering circuit
to the fan motor circuit. Relief valve (RV) controls the ac-

tion of priority valve (PV) and allows the priority valve to
divert only enough oil flow to the steering circuit to main-
tain relief pressure.
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Engine Cooling Fan Circuit

A three section gear pump is coupled to the piston (trac-
tion) pump. The gear pump section (P3) farthest from
the piston pump supplies hydraulic flow to the steering/
cooling fan control manifold, the lift control manifold and

the traction charge circuit. Hydraulic flow from pump
section (P3) is split between the steering/cooling fan/
charge circuit and the lift/lower circuit by a proportional
flow divider located in the lift control manifold. This flow

divider splits pump flow approximately 75% for the
steering/cooling fan/charge circuit (10.5 GPM/39.7
LPM) and 25% for the lift/lower circuit (3.5 GPM/13.2
LPM).

The steering/cooling fan control manifold controls the
operation of the steering control valve and the gear mo-
tor that drives the engine cooling fan. Priority valve (PV)
in the manifold controls the oil flow to the steering control

valve which is a closed center, load sensing valve. The
steering control valve senses the oil flow that is needed
for steering and the priority valve (PV) will supply the
correct amount. Oil not used by steering is provided to

the fan motor. The steering/cooling fan control manifold
controls the speed and direction of the fan motor based
on electrical output from the TEC--5002 controller.

With the steering wheel in the neutral, at rest position

and the engine running, hydraulic oil from the lift control
manifold flow divider enters the steering/cooling fan
control manifold port P, flows through the priority valve
(PV) and to the steering control valve where it dead

heads at the spool. Oil is also sent to both ends of the
(PV) spool. On one end of the spool, oil is directed to the
steering relief valve (RV) and also is directed through
the OR orifice and out the LS manifold port to the steer-

ing control valve. This flow provides steering load sense
pressure and is directed through a small passage in the
steering control valve spool and sleeve before returning
to the charge circuit. While this load sense pressure is

returning to the charge circuit, the priority valve (PV)
spool shifts to direct pump flow to the cooling fan motor
circuit. Without steering input, no oil is flowing through
the steering control valve so all circuit oil is available for

the cooling fan motor.

Oil flow from the priority valve (PV) to the cooling fan is
controlled by the proportional relief valve (PRV). The
(PRV) adjusts fan circuit pressure and flow based on a
PWM (Pulse Width Modulation) signal from the

TEC--5002 controller. The controller uses engine cool-
ant and hydraulic oil temperatures to determine the
proper PWM signal for the (PRV) valve. The fan circuit
flow determines the speed of the cooling fan.

If the fan motor is stalled for any reason, the priority
valve (PRV) has a secondary function as a circuit relief
to limit fan motor pressure to 3300 PSI (228 bar).

When the engine is shut off, the over--running inertia

load of the fan blades keeps driving the fan motor and
turns it into a pump. The check valve (CV) in the steer-
ing/cooling fan control manifold will open to keep the
motor circuit full of oil so the fan motor will not cavitate.

Forward Direction Fan Operation

Oil flow from the priority valve (PV) is sent through the
de--energized solenoid valve (S), out manifold port M1
and then to rotate the cooling fan motor. Return flow

from the motor enters the manifold at port M2, through
the de--energized solenoid valve (S), out manifold port
CH and is then used for traction circuit charge oil.

Reverse Direction Fan Operation

The TEC--5002 controller can reverse the cooling fan to
clean debris from the radiator, oil cooler and rear intake
screen. If hydraulic oil and/or engine coolant tempera-
tures increase to an unsuitable level, the PWM signal to

the (PRV) valve is sent to slow the cooling fan. The con-
troller then energizes solenoid valve (S) in the steering/
cooling fan control manifold to reverse cooling fan motor
oil flow so that it runs in the reverse direction. The con-

troller determines the length of time that the fan should
be run in reverse before fan rotation is returned to the
forward direction.
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Special Tools

Order special tools from your Toro Distributor.

Hydraulic Pressure Test Kit

Use to take various pressure readings for diagnostic
tests. Quick disconnect fittings provided attach directly
to mating fittings on machine test ports without tools. A
high pressure hose is provided for remote readings.

Contains one each: 1000 PSI (70 Bar), 5000 PSI (350
Bar) and 10000 PSI (700 Bar) gauges. Use gauges as
recommended in Testing section of this chapter.

Toro Part Number: TOR47009

Figure 16

Hydraulic Tester (Pressure and Flow)

This tester requires O--ring Face Seal (ORFS) adapter
fittings for use on this machine (see Hydraulic Test Fit-
ting Kit -- TOR4079 in this section).

1. INLET HOSE: Hose connected from the system cir-

cuit to the inlet side of the hydraulic tester.

2. LOAD VALVE: A simulated working load is created
in the circuit by turning the valve to restrict flow.

3. LOW PRESSURE GAUGE: Low range gauge (0 to

1000 PSI) to provide accurate reading at low pressure.

A protector valve cuts out when pressure is about to
exceed the normal range for the gauge. The cutout
pressure is adjustable.

4. HIGH PRESSURE GAUGE: High range gauge (0 to
5000 PSI) which accommodates pressures beyond the
capacity of the low pressure gauge.

5. FLOW METER: This meter measures actual oil flow

in the operating circuit with a gauge rated at 15 GPM.

6. OUTLET HOSE: A hose from the outlet side of the
hydraulic tester connects to the hydraulic system circuit.

Toro Part Number: TOR214678

Figure 17
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Hydraulic Test Fitting Kit

This kit includes a variety of O--ring Face Seal fittings to
enable you to connect test gauges into the system.

The kit includes: tee’s, unions, reducers, plugs, caps
and male test fittings.

Toro Part Number: TOR4079

Figure 18

TORO TEST FITTING KIT (NO. TOR4079)

Measuring Container

Use this container for doing hydraulic motor efficiency
testing (motors with case drain lines only). Measure effi-
ciency of a hydraulic motor by restricting the outlet flow
from the motor and measuring leakage from the case

drain line while the motor is pressurized by the hydraulic
system.

The table in Figure 20 provides gallons per minute
(GPM) conversion for measured milliliter or ounce motor

case drain leakage.

Toro Part Number: TOR4077

Figure 19

Figure 20
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Rear Wheel Hub Puller

The rear wheel hub puller allows safe removal of the
wheel hub from the rear wheel motor shaft.

Toro Part Number: TOR6100

Figure 21
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Troubleshooting

The charts that follow contain information to assist in
troubleshooting hydraulic circuit problems. There may
possibly be more than one cause for a machine mal-
function.

Refer to the Testing section of this Chapter for precau-
tions and specific hydraulic test procedures.

General Hydraulic Problems

Problem Possible Causes

Hydraulic system operates hot. Engine RPM is too low.

Hydraulic reservoir oil level is low.

Hydraulic oil is contaminated or the wrong type.

Brakes are applied or sticking.

Piston pump by--pass valve is open or damaged.

Cooling system is not operating properly.

Charge pressure is low.

Traction circuit pressure is incorrect.

Pump(s) or motor(s) are damaged.

Hydraulic oil in reservoir foams. Hydraulic reservoir oil level is low.

Wrong type of oil is in the hydraulic system.

Air is leaking in suction line.

Hydraulic oil leak(s). Fitting(s), hose or tube loose or damaged.

Missing or damaged O-ring.
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Traction Problems

Problem Possible Causes

Machine operates in one direction only. System charge check valve and/or system relief valve
is defective.

Pilot direction valve in 4WD control manifold is
damaged or sticking.

Traction control potentiometer is faulty.

Traction pedal is sluggish. Traction control pedal assembly is stuck or binding.

Charge pressure is low.

Piston pump servo control valve is damaged.

Machine travels too far before stopping when the
traction pedal is released.

Traction control pedal assembly is binding or out of
adjustment.

Piston pump servo control valve is damaged.

Traction pedal does not return to neutral.

Traction power is lost or unit will not operate in either
direction.

Hydraulic reservoir oil level is low.

Brakes are applied or sticking.

Charge pressure is low.

Piston pump bypass valve is open or damaged.

Traction control potentiometer is damaged or
disconnected.

Four wheel drive will not engage. An electrical problem exists (see Chapter 5 -- Electrical
System).

Solenoid valve on 4WD control manifold is faulty.

Cartridge valve in 4WD control manifold is damaged or

sticking.

Four wheel drive will not disengage. An electrical problem exists (see Chapter 5 -- Electrical
System).

Solenoid valve on 4WD control manifold is faulty.

Cartridge valve in 4WD control manifold is damaged or

sticking.
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PTO Problems

Problem Possible Causes

Cutting decks do not operate.

NOTE: Decks have to be fully lowered and traction
speed needs to be in MOW for decks to operate.

An electrical problem exists (see Chapter 5 -- Electrical
System).

Gear pump is worn or damaged.

One cutting deck motor will not operate. An electrical problem exists (see Chapter 5 -- Electrical
System).

Cutting deck problem exists (see Chapter 8 -- Cutting
Decks).

System pressure to the affected deck motor is low.

Woodruff key on affected deck motor is damaged
(motor rotates but deck belt and blades don’t rotate).

Solenoid valve in deck PTO control manifold is faulty.

Cartridge valve in deck PTO control manifold is
damaged or sticking.

Deck motor or gear pump section is damaged.

All cutting deck motors operate slowly. Engine RPM is low.

Cutting deck problem exists (see Chapter 8 -- Cutting
Decks).

Deck motor or gear pump section is damaged.

Cutting deck stops under load. Relief valve in deck PTO control manifold is
by--passing.

Cutting deck problem exists (see Chapter 8 -- Cutting
Decks).

Deck motor has internal leakage (by--passing oil).

Cutting deck gear pump section is inefficient.
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Steering Circuit Problems

Problem Possible Cause

Steering inoperative or sluggish. Steering components (e.g. tie rods, steering cylinder ends) are
worn or binding.

Steering cylinder is binding.

Oil level in hydraulic reservoir is low (other hydraulic systems af-

fected as well).

Steering relief valve (RV) in steering/cooling fan control valve is
stuck or damaged.

Flow divider (FD) in deck lift control valve is faulty.

Proportional valve (PV) in steering/cooling fan control valve is
faulty.

Steering cylinder leaks internally.

Steering control valve is worn or damaged.

Gear pump section (P3) is worn or damaged (NOTE: A worn or
damaged gear pump section (P3) will also affect the traction
(charge) and lift circuits).
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Lift/Lower Problems

Problem Possible Causes

Cutting deck will not raise. Engine RPM is too low.

Hydraulic oil level in reservoir is low.

Lift arm pivots are binding.

Lift cylinder is damaged.

Relief valve in lift control manifold is stuck.

Pilot valve in lift control manifold is damaged or
sticking.

Proportional flow divider in lift control manifold is faulty.

Gear pump section for lift control manifold is worn or
damaged.

Cutting deck raises, but will not stay up.

NOTE: Lift cylinders cannot provide an absolutely
perfect seal. The lift arms will eventually lower if left in
the raised position during storage.

Lift circuit lines or fittings are leaking.

Lift cylinder is damaged.

Side cutting deck drop too fast. Orifice in lift control valve is missing or damaged.

Check valve in lift control valve is faulty.

Side cutting deck drop too slow. Orifice in lift control valve is plugged or faulty.

Lift arm pivots are binding.

Lift cylinder is damaged.

Cutting deck will not lower. Lift arm pivots are binding.

Lift cylinder is damaged.

Counterbalance pressure is excessive.

Lift control valve is worn or damaged.

Pilot valve in lift control manifold is damaged or
sticking.
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Testing

The most effective method for isolating problems in the
hydraulic system is by using hydraulic test equipment
such as pressure gauges and flow meters in the circuits
during various operational checks (see the Special

Tools section in this Chapter).

Before Performing Hydraulic Tests

IMPORTANT: All obvious areas such as oil supply,
filter, binding linkages, loose fasteners or improper

adjustments must be checked before assuming that
a hydraulic component is the source of the problem.

Precautions for Hydraulic Testing

CAUTION

Failure to use gauges with recommended pres-
sure (PSI/bar) rating as listed in test procedures
could result in damage to the gauge and possible
personal injury from leaking hot oil.

CAUTION

All testing should be performed by two (2)
people. One person should be in the seat to oper-
ate the machine and the other should read and
record test results.

CAUTION

Before opening the hydraulic system, operate all
hydraulic controls to relieve system pressure
and avoid injury from pressurized hydraulic oil.
See Relieving Hydraulic System Pressure in the
General Information section of this chapter.

WARNING

Keep body and hands away from pin hole leaks

or nozzles that eject hydraulic fluid under high

pressure. Do not use hands to search for

leaks; use paper or cardboard. Hydraulic fluid

escaping under pressure can have sufficient

force to penetrate the skin and cause serious

injury. If fluid is injected into the skin, it must

be surgically removed within a few hours by a

doctor familiar with this type of injury. Gan-

grene may result from such an injury.

WARNING

Before disconnecting or performing any work

on the hydraulic system, all pressure in the

system must be relieved and all rotating ma-

chine parts must be stopped. Stop engine;

lower or support attachments.

1. Clean machine thoroughly before disconnecting or
disassembling any hydraulic components. Always keep
in mind the need for cleanliness when working on hy-
draulic equipment. Contamination will cause excessive

wear of hydraulic components.

2. Put metal caps or plugs on any hydraulic lines left
open or exposed during testing or removal of compo-
nents.

3. The engine must be in good operating condition. Use
a phototac when performing a hydraulic test. Engine
speed can affect the accuracy of the tester readings.

4. The inlet and the outlet hoses for tester with pressure

and flow capabilities must be properly connected and
not reversed to prevent damage to the hydraulic tester
or components.

5. When using hydraulic tester with pressure and flow
capabilities, open tester load valve completely before
starting the engine to minimize the possibility of damag-
ing components.

6. Install fittings finger tight and far enough to make
sure that they are not cross--threaded before tightening
them with a wrench.

7. Position tester hoses to prevent rotating machine

parts from contacting and damaging the hoses or tester.

8. Check oil level in the hydraulic reservoir. After con-
necting test equipment, make sure tank is full.

9. Check control linkages for improper adjustment,

binding or broken parts.

10.After installing test gauges, run engine at low speed
and check for any hydraulic oil leaks.

11. All hydraulic tests should be made with the hydraulic

oil at normal operating temperature.

12.Before returning machine to use, make sure that hy-
draulic reservoir has correct fluid level. Also, check for
hydraulic leaks after test equipment has been removed

from hydraulic system.
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Which Hydraulic Tests Are Necessary?

Before beginning any hydraulic test, identify if the prob-
lem is related to the traction circuit, PTO (mow) circuit,
lift circuit or steering/engine cooling fan circuit. Once the

faulty system has been identified, perform tests that re-
late to that circuit.

1. If a traction circuit problem exists, consider perform-
ing one or more of the following tests: Traction Circuit

Charge Pressure, Traction Circuit Relief Pressure, Rear
Traction Circuit (RV) Relief Pressure, Traction Circuit
Reducing Valve (PR) Pressure and/or Counterbalance
Pressure Tests.

2. If a PTO (mow) circuit problem exists, consider per-
forming one or more of the following tests: Cutting Deck
Circuit Pressure.

3. If a lift circuit problem exists, consider performing

one or more of the following tests: Lift/Lower Circuit Re-
lief Pressure, Counterbalance Pressure and/or Gear
Pump (P3) Flow Tests.

4. If a steering/engine cooling fan circuit problem ex-

ists, consider performing one or more of the following
tests: Steering Circuit Relief Pressure, Steering Cylin-
der Internal Leakage and/or Gear Pump (P3) Flow
Tests.
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Traction Circuit Charge Pressure Test (Using Pressure Gauge)

Figure 22
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The traction circuit charge pressure test should be per-
formed to make sure that the traction charge circuit is
functioning correctly.
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Procedure for Traction Circuit Charge Pressure Test

1. Make sure hydraulic oil is at normal operating tem-
perature by operating the machine for approximately 10
minutes. Make sure the hydraulic tank is full.

2. Park machine on a level surface with the cutting
decks lowered and off. Make sure engine is off and the
parking brake is applied.

CAUTION

Prevent personal injury and/or damage to equip-
ment. Read all WARNINGS, CAUTIONS and Pre-
cautions for Hydraulic Testing at the beginning
of this section.

3. Connect a 1000 PSI (70 Bar) pressure gauge onto

charge pressure test port fitting on hydrostat (Fig. 23).

4. After installing pressure gauge, start engine and run
at idle speed. Check for hydraulic leakage and correct
before proceeding with test.

5. Operate the engine at full engine speed (2750 RPM)
with no load on the hydraulic system.

GAUGE READING TO BE 315 to 345 PSI (21.8 to
23.7 bar).

6. Stop engine and record test results.

7. If there is no pressure, or pressure is low, check the
following items:

A. Restriction in gear pump intake line or reservoir

strainer.

B. Inspect charge pressure relief valve located in
the hydrostat (Fig. 23). The charge pressure relief
valve is adjusted with shims. If charge pressure is

low, shim(s) can be added between relief valve cap
and spring. If charge pressure is high, shim(s) can be
removed from between relief valve cap and spring.

C. Consider a leaking check/relief valve in the hy-

drostat.

D. Leakage in the traction control manifold, the
mow/transport manifold and/or the steering/cooling
fan manifold will affect charge circuit pressure. Con-

sider that damaged cartridge seals in these man-
ifolds will cause low charge circuit pressure.

E. If necessary, check for internal damage or worn

parts in gear pump (P3). A worn or damaged gear
pump (P3) will also affect deck lift/lower, steering and
engine cooling fan operation.

8. Also, with the pressure gauge still connected to the
charge pressure test port, take a gauge reading while
operating the machine in forward and reverse. Start the
engine, release parking brake and put throttle at full en-

gine speed (2750 RPM). Push the traction pedal for-
ward, then reverse.

GAUGE READING TO BE 315 to 345 PSI (21.8 to
23.7 bar).

9. If charge pressure is good under no load (step 5), but
drops below specification when under traction load
(step 8), the piston (traction) pump and/or wheel mo-
tor(s) should be suspected of wear and inefficiency.

When the pump and/or traction motor(s) are worn or
damaged, the charge pump is not able to keep up with
internal leakage in traction circuit components.

10.Disconnect pressure gauge from test port.

1. Hydrostat port G 2. Charge relief valve

Figure 23
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Traction Circuit Relief Pressure Test (Using Pressure Gauge)

Figure 24
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The traction circuit relief pressure test should be per-
formed to make sure that forward and reverse traction
circuit relief pressures are correct.
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Procedure for Traction Circuit Relief Pressure Test

1. Make sure hydraulic oil is at normal operating tem-
perature by operating the machine for approximately 10
minutes. Make sure the hydraulic tank is full.

Perform Traction Circuit Relief Pressure Test in

an open area, away from people and obstruc-

tions.

CAUTION

2. Drive machine to an open area, lower cutting decks,
turn the engine off and apply the parking brake.

CAUTION

Prevent personal injury and/or damage to equip-
ment. Read all WARNINGS, CAUTIONS and Pre-
cautions for Hydraulic Testing at the beginning
of this section.

3. Connect a 10,000 PSI (700 Bar) pressure gauge to

traction circuit test port for function to be checked (Fig.
25).

4. After installing pressure gauge, start engine and run
at idle speed. Check for hydraulic leakage and correct

before proceeding with test.

5. Sit on seat and operate the engine at full speed (2750
RPM). Release parking brake.

6. Apply service brakes fully and slowly depress the

traction pedal in the appropriate direction (forward or re-
verse). While pushing traction pedal, look at pressure
reading on gauge:

GAUGE READING TO BE:

4230 to 4430 PSI (292 to 305 bar) in forward
5230 to 5430 PSI (361 to 374 bar) in reverse

7. Release traction pedal and stop engine. Record test
results.

8. If traction pressure is low, inspect traction pump relief
valves (Fig. 25). Clean or replace valves as necessary.
These cartridge type valves are factory set and are not
adjustable. If relief valves are in good condition, traction

pump or wheel motors should be suspected of wear and
inefficiency.

9. Disconnect pressure gauge from test port.

Figure 25

2
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1
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4

1. Forward test port
2. Reverse test port
3. Charge pressure port

4. Forward relief valve
5. Reverse relief valve
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Rear Traction Circuit (RV) Relief Pressure Test (Using Pressure Gauge)

Figure 26
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Procedure for Rear Traction Circuit (RV) Relief Pres-
sure Test

1. Make sure hydraulic oil is at normal operating tem-
perature by operating the machine for approximately 10

minutes. Make sure the hydraulic tank is full.

2. Park machine on a level surface with the cutting
decks lowered and off. Make sure engine is off and the
parking brake is applied.

CAUTION

Prevent personal injury and/or damage to equip-
ment. Read all WARNINGS, CAUTIONS and Pre-
cautions for Hydraulic Testing at the beginning
of this section.

3. Connect a 5000 PSI (350 Bar) gauge to test port G2
on 4WD control manifold on right side of machine (Fig.
27).

4. After installing pressure gauge, start engine and run

at idle speed. Check for hydraulic leakage and correct
before proceeding with test.

5. Operate the engine at full engine speed (2750 RPM).

6. Operate the machine in 4WD with the cutting decks

lowered. Drive down a slope in a forward direction, de-
crease pressure on the traction pedal and monitor the
pressure gauge. Pressure should increase until the re-
lief valve (RV) lifts. Record test results.

GAUGE READING TO BE:
1200 PSI (83 bar) (approximate).

7. If necessary, adjust the relief valve (RV) so that pres-
sure is correct (see Adjustable Pressure Valve in the Ad-

justments section of this chapter). Relief valve (RV) is
located on the rear side of the 4WD control manifold
(Fig. 27).

8. Disconnect pressure gauge from manifold test port.

1. 4WD control manifold
2. Test port G2

3. Relief valve RV

Figure 27
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Traction Circuit Reducing Valve (PR) Pressure Test (Using Pressure Gauge)

Figure 28
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Procedure for Traction Circuit Reducing Valve (PR)
Pressure Test

1. Make sure hydraulic oil is at normal operating tem-
perature by operating the machine for approximately 10

minutes. Make sure the hydraulic tank is full.

2. Park machine on a level surface with the cutting
decks lowered and off. Make sure engine is off and the
parking brake is applied.

CAUTION

Prevent personal injury and/or damage to equip-
ment. Read all WARNINGS, CAUTIONS and Pre-
cautions for Hydraulic Testing at the beginning
of this section.

3. Connect a 1000 PSI (70 Bar) pressure gauge to test
port G2 on 4WD control manifold on right side of ma-
chine (Fig. 29).

4. After installing pressure gauge, start engine and run

at idle speed. Check for hydraulic leakage and correct
before proceeding with test.

5. Operate the engine at full engine speed (2750 RPM).

6. Sit on seat and release parking brake. Apply service

brakes fully and slowly depress the traction pedal in the
reverse direction. While pushing traction pedal, look at
pressure reading on gauge:

GAUGE READING TO BE:

650 PSI (45 bar) (approximate).

7. Stop engine and record test results.

8. If necessary, adjust the pressure reducing valve (PR)
so that pressure is correct (see Adjustable Pressure

Valve in the Adjustments section of this chapter). The
pressure reducing valve (PR) is located on the lower,
rear side of the 4WD control manifold (Fig. 29).

NOTE: Do not remove the reducing valve from the hy-

draulic manifold for adjustment.

9. Disconnect pressure gauge from test port.

1. 4WD manifold 2. Test port G2

Figure 29
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Counterbalance Pressure Test (Using Pressure Gauge)

Figure 30
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Procedure for Counterbalance Pressure Test

1. Make sure hydraulic oil is at normal operating tem-
perature by operating the machine for approximately 10
minutes. Make sure the hydraulic tank is full.

2. Park machine on a level surface with the cutting
decks lowered and off. Make sure engine is off and the
parking brake is applied.

CAUTION

Prevent personal injury and/or damage to equip-
ment. Read all WARNINGS, CAUTIONS and Pre-
cautions for Hydraulic Testing at the beginning
of this section.

3. Connect a 1000 PSI (70 Bar) pressure gauge to test

port G1 on lift control manifold (Fig. 31).

4. After installing pressure gauge, start engine and run
at idle speed. Check for hydraulic leakage and correct
before proceeding with test.

5. Operate the engine at full engine speed (2750 RPM)
with no load on the system. Do not engage the cutting
decks.

GAUGE READING TO BE:

360 to 380 PSI (24.9 to 26.2 bar).

6. Stop engine and record test results.

7. If necessary, adjust the counterbalance valve so that
pressure is correct (see Adjustable Pressure Valve in

the Adjustments section of this chapter). The counter-
balance valve is located on the rear side of the lift control
manifold (Fig. 31).

8. Disconnect pressure gauge from test port.

1. Counterbalance test port 2. Counterbalance valve

Figure 31
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Cutting Deck Circuit Pressure Test (Using Pressure Gauge)

Figure 32
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The cutting deck circuit pressure test should be per-
formed to make sure that the cutting deck circuit pres-
sures are correct.
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Procedure for Cutting Deck Circuit Pressure Test

1. Make sure hydraulic oil is at normal operating tem-
perature by operating the machine for approximately 10
minutes. Make sure the hydraulic tank is full.

2. Park machine on a level surface with the cutting
decks lowered and off. Make sure engine is off and the
parking brake is applied.

CAUTION

Prevent personal injury and/or damage to equip-
ment. Read all WARNINGS, CAUTIONS and Pre-
cautions for Hydraulic Testing at the beginning
of this section.

3. Install 5000 PSI (350 Bar) pressure gauge with hy-

draulic hose attached to deck manifold test port G for the
deck to be tested (Fig. 33, 34 and 35).

4. After installing pressure gauge, start engine and run
at idle speed. Check for hydraulic leakage and correct

before proceeding with test.

CAUTION

Keep away from cutting decks during test to pre-
vent personal injury from the cutting blades.

5. Sit on seat and operate the engine at full speed (2750
RPM). Release parking brake and engage the cutting

decks.

6. Watch pressure gauge carefully while mowing with
the machine.

7. Cutting deck circuit pressure should be from 1000 to

3200 PSI (69 to 220 bar) (1000 to 2100 PSI (69 to 144
bar) for RH wing deck) and will vary depending on
mowing conditions.

8. Disengage cutting decks and shut off engine. Record

test results.

9. Disconnect pressure gauge with hose from manifold
test port.

1. Center deck circuit pressure test port G

Figure 33

1

1. Right wing deck circuit pressure test port G

Figure 34

1

1. Left wing deck circuit pressure test port G

Figure 35
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Lift/Lower Circuit Relief Pressure Test (Using Pressure Gauge)

Figure 36
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The lift/lower circuit relief valve pressure test should be
performed to make sure that the lift circuit relief pressure
is correct.
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Procedure for Lift/Lower Circuit Relief Pressure
Test

NOTE: Before attempting to check or adjust lift pres-
sure, make sure that counterbalance pressure is cor-

rectly adjusted.

1. Make sure hydraulic oil is at normal operating tem-
perature by operating the machine for approximately 10
minutes. Make sure the hydraulic tank is full.

2. Park machine on a level surface with the cutting
decks lowered and off. Make sure engine is off and the
parking brake is applied.

CAUTION

Prevent personal injury and/or damage to equip-
ment. Read all WARNINGS, CAUTIONS and Pre-
cautions for Hydraulic Testing at the beginning
of this section.

3. Connect a 5000 PSI (350 Bar) pressure gauge to test

port G3 on lift control manifold (Fig. 37). Route gauge
hose to allow operator to view the gauge.

4. After installing pressure gauge, start engine and run
at idle speed. Check for hydraulic leakage and correct

before proceeding with test.

5. Sit on the seat and operate the engine at full speed
(2750 RPM).

6. While sitting on the seat, press and hold one of the

deck lift switches to fully raise a cutting deck. Momen-
tarily hold the switch with the deck fully raised while look-
ing at the gauge.

GAUGE READING TO BE:

1350 PSI (93 bar) (approximate).

7. Stop engine and record test results.

NOTE: Do not remove relief valve from the hydraulic
manifold for adjustment.

8. If relief pressure is too high, remove cap on relief
valve (RV) in lift control manifold (Fig. 37). Adjust valve
by rotating adjustment socket counterclockwise to de-
crease relief pressure (see Adjustable Pressure Valve

in the Adjustments section of this chapter). A 1/8 turn on
the socket will make a measurable change in relief pres-
sure. Recheck relief pressure and readjust as needed.
Install and tighten cap on relief valve after adjustment.

9. If relief pressure is too low, check for restriction in
gear pump intake line or reservoir strainer. Check the lift
cylinder for internal leakage. If cylinder is not leaking, re-
move cap on relief valve (RV) in lift control manifold (Fig.

37) and adjust valve by rotating adjustment socket
clockwise to increase relief pressure (see Adjustable
Pressure Valve in the Adjustments section of this chap-
ter). A 1/8 turn on the socket will make a measurable

change in relief pressure. Recheck relief pressure and
readjust as needed. If pressure is still too low, gear pump
(P3) or lift cylinder(s) should be suspected of wear, dam-
age or inefficiency. Install and tighten cap on relief valve

after adjustment.

10.Disconnect pressure gauge from test port.

1. Lift circuit test port G3 2. Relief valve RV

Figure 37
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Steering Circuit Relief Pressure Test (Using Pressure Gauge)

Figure 38

STEERING WHEEL TURNED
FOR RIGHT TURN

FLOW FROM GEAR PUMP

TO OIL

FILTER

TO OIL

RESERVOIR

TO GEAR PUMP

SUCTION

TO OIL
RESERVOIR

PRESSURE
GAUGE

The steering circuit relief valve pressure test should be
performed to make sure that the steering circuit relief
pressure is correct.
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Procedure for Steering Circuit Relief Pressure Test

1. Make sure hydraulic oil is at normal operating tem-
perature by operating the machine for approximately 10
minutes. Make sure the hydraulic tank is full.

2. Park machine on a level surface with the cutting
decks lowered and off. Make sure engine is off and the
parking brake is applied.

CAUTION

Prevent personal injury and/or damage to equip-
ment. Read all WARNINGS, CAUTIONS and Pre-
cautions for Hydraulic Testing at the beginning
of this section.

3. Connect a 5000 PSI (350 Bar) pressure gauge onto

steering circuit pressure test port G on the steering/cool-
ing fan control manifold (Fig. 39).

4. After installing pressure gauge, start engine and run
at idle speed. Check for hydraulic leakage and correct

before proceeding with test.

5. Operate the engine at full engine speed (2750 RPM).

IMPORTANT: Hold steering wheel at full lock only
long enough to get a system pressure reading.

Holding the steering wheel against the stop for an
extended period may damage steering compo-
nents.

6. Turn steering all the way in one direction and mo-

mentarily hold the steering wheel against resistance.

GAUGE READING TO BE:
2000 to 2200 PSI (138 to 151 bar).

7. Stop engine and record test results.

NOTE: If steering relief pressure is incorrect and lift/
lower problems also exist, gear pump (P3) should be
suspected of wear and inefficiency. If steering wheel
continues to turn at end of cylinder travel (with lower

than normal effort), the steering cylinder or steering con-
trol valve should be suspected of wear or damage.

8. If relief pressure specification is not met, adjust relief
valve (RV) in steering/cooling fan control manifold (Fig.

40) so that pressure is correct (see Adjustable Pressure
Valve in the Adjustments section of this chapter).

9. Disconnect pressure gauge from manifold test port.

1. Steering circuit pressure test port

Figure 39

1

1. Steering/fan manifold 2. Steering relief valve

Figure 40

2

1

H
y
d

ra
u

li
c

S
y

s
te

m

155



Groundsmaster 5900/5910Hydraulic System Page 4 -- 56

Steering Cylinder Internal Leakage Test

Figure 41
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The steering cylinder internal leakage test should be
performed if a steering problem is identified. This test
will determine if a steering cylinder is faulty.

NOTE: Steering circuit operation will be affected by
rear tire pressure, binding of steering cylinders, extra
weight on the vehicle and/or binding of rear axle steering
components. Make sure that these items are checked

before proceeding with steering cylinder internal leak-
age test.
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Procedure for Steering Cylinder Internal Leakage
Test

1. Make sure hydraulic oil is at normal operating tem-
perature.

2. Park machine on a level surface with the cutting
decks lowered and off. Make sure engine is off and the
parking brake is applied.

CAUTION

Prevent personal injury and/or damage to equip-
ment. Read all WARNINGS, CAUTIONS and Pre-
cautions for Hydraulic Testing at the beginning
of this section.

3. Turn the steering wheel so the steering cylinder rod

of the cylinder to be tested is fully extended.

4. Thoroughly clean the area around the hydraulic hose
at the rod end of the steering cylinder to be tested.

5. Place a drain pan under the steering cylinder. Re-

move hydraulic hose from the fitting on the rod end of the
steering cylinder to be tested. Install a steel plug in the
disconnected hose.

6. Remove all hydraulic oil from drain pan. Make sure
that empty drain pan remains under the open fitting of
the steering cylinder.

7. With the engine off, turn the steering wheel in the

same direction needed to extend the cylinder. Observe
the open fitting on the extended steering cylinder as the
steering wheel is turned. If oil comes out of the fitting
while turning the steering wheel, the steering cylinder

has internal leakage and must be repaired or replaced
(see Steering Cylinder and Steering Cylinder Service in
the Service and Repairs section of this chapter). Check
drain pan for any evidence of oil that would indicate cyl-

inder leakage.

8. After testing is completed, remove plug from the hy-
draulic hose. Connect hose to the steering cylinder fit-
ting.

9. If a steering problem exists and the steering cylinder
tested acceptably, the steering control valve requires
service (see Steering Control Valve and Steering Con-
trol Valve Service in the Service and Repairs section of

this chapter).

10.Check oil level in hydraulic reservoir and adjust if
needed.
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Gear Pump (P3) (Steering, Cooling Fan, Lift/Lower and Traction Charge) Flow Test (Us-
ing Tester with Pressure Gauges and Flow Meter)

Figure 42

REV

FOR

CHG

T
O

F
R

O
N

T
D

E
C

K
C

O
N

T
R

O
L

V
A

L
V

E

T
O

L
E

F
T

D
E

C
K

C
O

N
T

R
O

L
V

A
L

V
E

TO DECK LIFT CONTROL VALVE

TO FLUSH VALVE

TO TRACTION CONTROL

VALVE PORT P

TO FRONT
WHEEL MOTORS

PORT P1

T
O

F
IL

T
E

R
M

A
N

IF
O

L
D

P
O

R
T

C
D

1

T
O

F
IL

T
E

R

M
A

N
IF

O
L

D
P

O
R

T
P

T
O

H
Y

D
R

A
U

L
IC

R
E

S
E

R
V

O
IR

T
O

O
IL

F
IL

T
E

R

TRACTION CONTROL AND

4WD CONTROL VALVES

TO CH PORTS OF

TESTER

The gear pump (P3) flow test should be performed to
make sure that the traction charge circuit, lift/lower cir-
cuit and steering/engine cooling fan circuit have ade-
quate hydraulic flow.
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Procedure for Gear Pump (P3) Flow Test

1. Make sure hydraulic oil is at normal operating tem-
perature by operating the machine for approximately 10
minutes. Make sure the hydraulic tank is full.

2. Park machine on a level surface with the cutting
decks lowered and off. Make sure engine is off and the
parking brake is applied. Raise hood.

CAUTION

Prevent personal injury and/or damage to equip-
ment. Read all WARNINGS, CAUTIONS and Pre-
cautions for Hydraulic Testing at the beginning
of this section.

3. Disconnect outlet hose from gear pump section (P3)

(Fig. 43).

IMPORTANT: Make sure that the oil flow indicator
arrow on the flow gauge is showing that the oil will
flow from the pump, through the tester and into the

hydraulic hose.

4. Install tester with pressure gauges and flow meter in
series between the gear pump section (P3) and the dis-
connected hose. Make sure the tester flow control

valve is open.

5. After installing tester, start engine and run at idle
speed. Check for hydraulic leakage and correct before
proceeding with test.

IMPORTANT: The pump is a positive displacement
type. If pump flow is completely restricted or
stopped, damage to the pump, tester or other com-
ponents could occur.

6. Operate the engine at full speed (2750 RPM). DO
NOT engage the cutting decks.

7. While watching tester pressure gauges, slowly close
flow control valve on the tester until 1000 PSI (69 bar)

is obtained on gauge. Verify that engine speed contin-
ues to be correct (2750 RPM). Record test results.

GAUGE READING TO BE:
A pump in good condition should have a flow of

approximately 14 GPM (53 LPM) at 1000 PSI (69
bar).

8. Open tester flow control valve and stop engine.

9. If the measured pump flow is lower than 12.5 GPM
(47.3 LPM) or a pressure of 1000 PSI (69 bar) could not
be obtained, check for restriction in gear pump intake
line. If intake line is not restricted, remove gear pump

and repair or replace pump (P3) as necessary.

10.Remove tester from machine. Connect hydraulic
hose to gear pump (see Hydraulic Hose and Tube Instal-
lation in the General Information section of this chapter).

11. Check oil level in hydraulic reservoir and adjust if
needed.

1. Pump section (P3) 2. Outlet hose

Figure 43
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Adjustments

Adjustable Pressure Valve

The mow/transport and lift control manifolds include ad-
justable pressure valves. An adjustment may be re-
quired to these valves if testing determines that the

circuit pressure setting is incorrect (see TESTING in this
chapter). Use the following process if an adjustment is
required:

NOTE: Do not remove the valve from the hydraulic

manifold for adjustment.

IMPORTANT: Do not remove cap from valve or make
valve adjustment when engine is running. Hydraulic
oil under pressure may be ejected from valve with-

out cap in place.

1. Make sure that engine is not running. Remove cap
from hydraulic valve with an allen wrench.

2. To increase pressure setting, turn the adjustment

socket on the valve in a clockwise direction. A 1/8 turn
on the socket will make a measurable change in pres-
sure.

3. To decrease pressure setting, turn the adjustment

socket on the valve in a counterclockwise direction. A
1/8 turn on the socket will make a measurable change
in pressure.

4. Install cap on valve.

5. Recheck valve pressure using correct test proce-
dure and readjust if needed.

Figure 44

1. Hydraulic valve
2. Valve cap

3. Adjustment socket
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Service and Repairs

General Precautions for Removing and Installing Hydraulic System Components

Before Repair or Replacement of Components

1. Before removing any parts from the hydraulic sys-
tem, park machine on a level surface, apply parking
brake, lower cutting decks or attachments and stop en-

gine. Remove key from the ignition switch.

2. Clean machine before disconnecting, removing or
disassembling any hydraulic components. Make sure
hydraulic components, hoses connections and fittings

are cleaned thoroughly. Always keep in mind the need
for cleanliness when working on hydraulic equipment.

CAUTION

Operate all hydraulic controls to relieve system
pressure and avoid injury from pressurized hy-
draulic oil. Controls must be operated with the
ignition switch in RUN and the engine OFF. Make
sure all electrically operated control valves are
actuated. Return ignition switch to OFF after
pressure has been relieved. Remove key from
the ignition switch.

3. Put caps or plugs on any hydraulic lines, hydraulic fit-
tings or components left open or exposed to prevent hy-

draulic system contamination.

4. Put labels on disconnected hydraulic lines and
hoses for proper installation after repairs are completed.

5. Note the position of hydraulic fittings (especially el-

bow fittings) on hydraulic components before removal.
Mark parts if necessary to make sure they will be aligned
properly when reinstalling hydraulic hoses and tubes.

After Repair or Replacement of Components

1. Check oil level in the hydraulic reservoir and add cor-
rect oil if necessary. Drain and refill hydraulic system
reservoir and change oil filter if component failure was

severe or system is contaminated (see Flush Hydraulic
System in this section).

2. Lubricate O--rings and seals with clean hydraulic oil
before installing hydraulic components.

3. Make sure all caps or plugs are removed from hy-
draulic tubes, hydraulic fittings and components before
reconnecting.

4. Use proper tightening methods when installing hy-

draulic hoses and fittings (see Hydraulic Hose and Tube
Installation and Hydraulic Fitting Installation in the Gen-
eral Information section of this chapter).

5. After repairs, check control linkages or cables for

proper adjustment, binding or broken parts.

6. After disconnecting or replacing any hydraulic com-
ponents, operate machine functions slowly until air is
out of system (see Charge Hydraulic System in this sec-

tion).

7. Check for hydraulic oil leaks. Shut off engine and cor-
rect leaks if necessary. Check oil level in hydraulic reser-
voir and add correct oil if necessary.

Check Hydraulic Lines and Hoses

WARNING

Keep body and hands away from pin hole leaks

or nozzles that eject hydraulic fluid under high

pressure. Use paper or cardboard, not hands, to

search for leaks. Hydraulic fluid escaping under

pressure can have sufficient force to penetrate

the skin and cause serious injury. If fluid is in-

jected into the skin, it must be surgically re-

moved within a few hours by a doctor familiar

with this type of injury. Gangrene may result from

such an injury.

IMPORTANT: Check hydraulic lines and hoses daily
for leaks, kinked lines, loose mounting supports,
wear, loose fittings or deterioration. Make all neces-
sary repairs before operating the machine.
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Flush Hydraulic System

IMPORTANT: Flush the hydraulic system any time
there is a severe component failure or the system is
contaminated (oil appears milky, black or contains
metal particles).

1. Park machine on a level surface. Lower cutting
decks, stop engine and apply parking brake. Remove
key from the ignition switch.

CAUTION

Operate all hydraulic controls to relieve system
pressure and avoid injury from pressurized hy-
draulic oil. Controls must be operated with the
ignition switch in RUN and the engine OFF. Make
sure all electrically operated control valves are
actuated. Return ignition switch to OFF after
pressure has been relieved. Remove key from
the ignition switch.

IMPORTANT: Make sure to thoroughly clean around

all hydraulic connections that will be disconnected
for draining.

2. Drain hydraulic reservoir.

3. Drain complete hydraulic system. Drain all hoses,

tubes and components while the system is warm.

4. Remove and replace both hydraulic oil filters.

5. Inspect and clean hydraulic reservoir (see Hydraulic
Reservoir Inspection in this section).

6. Reconnect all hydraulic hoses, tubes and compo-
nents that were disconnected while draining system.

NOTE: Use only hydraulic fluids specified in the Opera-
tor’s Manual. Other fluids may cause system damage.

7. Fill hydraulic reservoir with new hydraulic fluid.

IMPORTANT: Before unplugging the wire harness
power connector from the engine ECM, make sure
that the ignition switch is in the OFF position and

the key is removed from the switch. If the power
connector is removed from the engine ECM while
electrical power is on, the ECM may be damaged.

8. Make sure that the ignition switch is OFF and the key

is removed from the switch. Unplug the wire harness
power connector from the engine ECM to prevent the
engine fuel solenoid from being energized (Fig. 45).
This will keep the engine from starting while cranking the

engine.

1. Engine ECM 2. Power connector

Figure 45

2

1

1. Hydrostat 2. Charge test port

Figure 46

2

1

9. Connect a 1000 PSI (70 Bar) pressure gauge onto
charge pressure test port fitting on hydrostat (Fig. 46).

10.Turn ignition key switch to START and engage start-

er for thirty (30) seconds to prime the traction and gear
pumps. Wait two (2) minutes to allow the starter to cool
and then repeat this step again.

11. Repeat step 10 until the pressure gauge attached to

charge pressure test port indicates that pressure in the
charge circuit is increasing.

12.Make sure that the ignition switch is OFF and the key

is removed from the switch.
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IMPORTANT: Before plugging the wire harness
power connector to the engine ECM, make sure that
the ignition switch is in the OFF position and the key
is removed from the switch. If the harness power

connector is plugged into the engine ECM while
electrical power is on, the ECM will be damaged.

13.Connect the wire harness power connector to the en-
gine ECM (Fig. 45).

14.Disconnect pressure gauge from charge pressure
test port (Fig. 46).

15.Start engine and let it run at low idle (1350 RPM) for
a minimum of 2 minutes. Increase engine speed to high

idle (2750 RPM) for a minimum of 1 minute under no
load.

16.Raise and lower cutting decks several times. Turn
steering wheel fully left and right several times.

17.Shut off engine and check entire machine for hydrau-
lic oil leaks. Check oil level in hydraulic reservoir and add

correct amount of oil if necessary.

18.Operate machine for 2 hours under normal operating
conditions.

19.Check condition of hydraulic oil. If the new fluid

shows any signs of contamination, repeat steps 1
through 14 again until oil is clean.

20.Assume normal operation and follow recommended
maintenance intervals.
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Charge Hydraulic System

NOTE: When initially starting the hydraulic system with
new or rebuilt components such as motors, pumps or lift
cylinders, it is important that the hydraulic system be
charged properly. Air must be purged from the system

and its components to reduce the chance of damage.

IMPORTANT: Change hydraulic oil filter whenever
hydraulic components are repaired or replaced.

1. Position machine on a level surface. Remove key

from the ignition switch.

2. Make sure all hydraulic connections, lines and com-
ponents are tight.

3. If component failure was severe or the system is con-

taminated, flush and refill hydraulic system and reser-
voir (see Flush Hydraulic System in this section).

4. Make sure hydraulic reservoir is full. Add correct hy-
draulic oil if necessary.

IMPORTANT: Before unplugging the wire harness
power connector from the engine ECM, make sure
that the ignition switch is in the OFF position and
the key is removed from the switch. If the harness

power connector is removed from the engine ECM
while electrical power is on, the ECM may be dam-
aged.

5. Make sure that the ignition switch is OFF and the key

is removed from the switch. Unplug the wire harness
power connector from the engine ECM to prevent the
engine fuel solenoid from being energized (Fig. 47).
This will keep the engine from starting while cranking the

engine.

6. Connect a 1000 PSI (70 Bar) pressure gauge onto
charge pressure test port fitting on hydrostat (Fig. 48).

7. Make sure traction pedal is in the neutral position.

Turn ignition key switch to START and engage starter for
thirty (30) seconds to prime the traction and gear
pumps. Wait two (2) minutes to allow the starter to cool
and then repeat this step again.

8. Repeat step 7 until the pressure gauge attached to
charge pressure test port indicates that pressure in the
charge circuit is increasing.

9. Make sure that the ignition switch is OFF and the key

is removed from the switch.

1. Engine ECM 2. Power connector

Figure 47

2

1

1. Hydrostat 2. Charge test port

Figure 48

2

1

IMPORTANT: Before connecting the wire harness
power connector to the engine ECM, make sure that
the ignition switch is in the OFF position and the key

is removed from the switch. If the harness power
connector is plugged into the engine ECM while
electrical power is on, the ECM may be be damaged.

10.Connect the wire harness power connector to the en-

gine ECM (Fig. 47).

11. Disconnect pressure gauge from charge pressure
test port (Fig. 48).

WARNING

Before jacking up the machine, review and follow
Jacking Instructions in Chapter 1 -- Safety.
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12.Raise one front and one rear wheel off the ground
and place appropriate jackstands under the frame to
support the machine. Chock remaining wheels to pre-
vent movement of the machine.

13.Make sure traction pedal is in the neutral position.
Start engine and run it at low idle speed (1350 RPM).
The charge pump should pick up oil and fill the hydraulic
system. If there is no indication of fill in 30 seconds, stop

the engine and determine the cause.

14.After the hydraulic system starts to show signs of fill,
actuate lift control switches until the lift cylinders extend
and retract several times. If the cylinders do not move

after fifteen (15) seconds or the gear pump emits abnor-
mal sounds, shut the engine off immediately and deter-
mine cause or problem. Inspect for loose filter or suction
lines, blocked suction line, faulty charge relief valve or

faulty gear pump.

15.If lift cylinders do move in fifteen (15) seconds, pro-
ceed to step 16.

16.Operate the traction pedal in the forward and reverse

directions. The wheels off the ground should rotate in
the proper direction.

A. If the wheels rotate in the wrong direction, stop
engine and inspect hydraulic line placement at pis-

ton (traction) pump and wheel motors. Correct hy-
draulic line installation before proceeding.

B. If the wheels rotate in the proper direction, stop
engine.

17.Use Info Center to check for traction neutral position
and interlock switch operation.

18.Remove jackstands from frame and lower machine
to the ground. Remove chocks from remaining wheels.

19.If the piston (traction) pump or a wheel motor was re-
placed or rebuilt, run the machine so all wheels turn
slowly for ten (10) minutes.

20.Operate machine by gradually increasing it’s work

load to full over a ten (10) minute period.

21.Stop the machine. Check hydraulic reservoir and fill
if necessary. Check hydraulic components for leaks and
tighten any loose connections.
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Hydraulic Reservoir

1. Bushing
2. Elbow fitting
3. Latch plate
4. Socket head screw (2 used)
5. Magnetic catch
6. Hinge bracket (2 used)
7. Push nut (2 used)
8. Socket head screw (2 used)
9. Tank cover
10. Rod
11. O--ring

12. Reservoir cap
13. O--ring
14. Stand pipe
15. Dipstick
16. Bushing (4 used)
17. Screen filter
18. Hydraulic reservoir
19. Cap screw
20. Washer
21. Spacer
22. Drain plug

23. Tank strainer
24. Flange nut (2 used)
25. Tank hold down
26. Flange head screw
27. Hose clamp
28. Hose
29. O--ring
30. Hose clamp
31. Suction hose
32. Cable tie (2 used)
33. Hose guard

Figure 49
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Removal (Fig. 49)

1. Park machine on a level surface, lower cutting
decks, stop engine, apply parking brake and remove
key from the ignition switch.

2. Read the General Precautions for Removing and
Installing Hydraulic System Components at the begin-
ning of the Service and Repairs section of this chapter.

3. To prevent contamination of hydraulic system during

hydraulic reservoir removal, thoroughly clean exterior of
reservoir, fittings and hoses.

4. Remove drain plug and empty reservoir into a suit-
able container.

5. To allow access to reservoir fasteners, loosen fuel
tank and slide it toward left side of machine (see Fuel
Tank Removal in the Service and Repairs section of
Chapter 3 -- Diesel Engine).

6. To ease assembly, label all hydraulic hoses to identi-
fy their correct position on the reservoir.

NOTE: Original production clamps used to secure
hoses to stand pipes and hydraulic tubes are crimped

and will need to be cut in order to remove hoses (Fig.
50). Replacement clamps are traditional worm clamps.

7. Disconnect hydraulic hoses from reservoir fittings.
Put caps or plugs on fittings and hoses to prevent con-

tamination.

8. Remove hydraulic reservoir using Figure 49 as a
guide.

Inspection

1. Clean hydraulic reservoir and tank strainer with sol-
vent.

2. Inspect reservoir for leaks, cracks or other damage.

Installation (Fig. 49)

1. Install reservoir using Figure 49 as a guide.

A. Torque drain plug (item 22) from 155 to 171 in--lb
(18 to 19 N--m).

B. Torque tank strainer (item 23) from 105 to 115 ft--

lb (143 to 155 N--m).

2. Remove caps or plugs placed during removal to pre-
vent contamination.

3. Using tags placed during reservoir removal, properly
connect hydraulic hoses to reservoir fittings and secure
with hose clamps.

4. If hose guard (item 33) was removed, install guard

with split orientated up and secure with two (2) cable
ties.

5. Slide fuel tank to proper location on machine and se-
cure in place (see Fuel Tank Installation in the Service

and Repairs section of Chapter 3 -- Diesel Engine).

6. Fill reservoir with new hydraulic fluid.

1. Stand pipe
2. Hose clamp

3. Hose
4. Hydraulic tube

Figure 50
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Gear Pump

1. Gear pump
2. 90o hydraulic fitting
3. Piston pump
4. Quick fitting
5. Dust cap
6. Cap screw (2 used)
7. Hydraulic adapter
8. Flat washer (2 used)
9. 90o hydraulic fitting
10. Clamp

11. Hose (from filter)
12. Cap screw (2 used)
13. 90o hydraulic fitting
14. O--ring
15. O--ring
16. O--ring
17. O--ring
18. O--ring
19. O--ring

20. Engine
21. O--ring
22. O--ring
23. Diagnostic fitting
24. Hose (from hydraulic tank)
25. Washer (2 used)
26. Tee fitting
27. Test fitting
28. O--ring

Figure 51
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Removal (Fig 51)

1. Park machine on a level surface, lower cutting
decks, stop engine, apply parking brake and remove
key from the ignition switch.

2. Remove hood to gain access to gear pump (see
Hood Removal in the Service and Repairs section of
Chapter 7 -- Chassis).

3. Drain the hydraulic reservoir.

4. To prevent contamination of hydraulic system during
pump removal, thoroughly clean exterior of pump and
fittings.

5. Label all hydraulic hose connections for assembly

purposes.

6. Read the General Precautions for Removing and
Installing Hydraulic System Components at the begin-
ning of the Service and Repairs section of this chapter.

7. Disconnect all hydraulic lines from gear pump and
put caps or plugs on open hydraulic lines and fittings. La-
bel disconnected hydraulic lines for proper reassembly.

CAUTION

Make sure gear pump is properly supported be-
fore removing the pump mounting screws. Gear
pump assembly weighs approximately 42
pounds (19 kg).

8. Support gear pump assembly to prevent it from fal-

ling.

9. Remove two (2) cap screws that secure gear pump
to piston pump. Remove gear pump from machine.

10.If hydraulic fittings are to be removed from gear

pump, mark fitting orientation to allow correct assembly.
Remove fittings from pump and discard O--rings.

Installation (Fig 51)

1. If fittings were removed from gear pump, lubricate
and place new O--rings onto fittings. Install fittings into
pump openings using marks made during the removal

process to properly orientate fittings. Tighten fittings
(see Hydraulic Fitting Installation in the General Infor-
mation section of this chapter).

2. Position gear pump to piston pump. Align gear pump

input shaft splines with piston pump coupler and slide
gear pump input shaft into piston pump coupler. Secure
gear pump to piston pump with two (2) cap screws.
Torque screws from 67 to 83 ft--lb (91 to 112 N--m).

3. Remove caps or plugs from hydraulic lines and fit-
tings. Install hydraulic lines to gear pump (see Hydraulic
Hose and Tube Installation in the General Information
section of this chapter).

4. Remove and replace hydraulic filters.

5. Fill hydraulic reservoir with new hydraulic oil.

6. Properly fill hydraulic system (see Charge Hydraulic
System in this section).

7. Stop engine and check for hydraulic oil leaks. Check
hydraulic reservoir oil level.

8. Install hood (see Hood Installation in the Service and
Repairs section of Chapter 7 -- Chassis).
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Gear Pump Service

1. Socket head screw (8 used)
2. Seal ring
3. Deflecting plate
4. Rear cover
5. Drive gear
6. Deflecting plate
7. Load seal
8. Pre--load seal

9. Idler gear
10. Gear housing
11. Dowel pin (6 used)
12. Drive coupler
13. Gear housing
14. Bearing plate
15. Gear housing

16. Drive gear
17. Idler gear
18. Mounting flange
19. Seal
20. Idler gear
21. Drive gear
22. Bearing plate

Figure 52
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NOTE: For gear pump repair procedures, see the Sau-
er Danfoss D Series Gear Pump Seal Kit Service In-
struction Bulletin at the end of this chapter.
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Traction Circuit

1. Piston (traction) pump
2. Gear pump
3. LH front wheel motor

4. Traction control manifold
5. RH front wheel motor
6. 4WD control manifold

7. Traction flush manifold
8. RH rear wheel motor
9. LH rear wheel motor

Figure 53
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Figure 53 illustrates the components that are used in the
Groundsmaster traction circuit. Procedures for removal,
installation and disassembly/assembly of these compo-
nents are provided on the following pages of this sec-

tion.
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Piston (Traction) Pump

1. Gear pump
2. 90o hydraulic fitting
3. Piston pump
4. Quick fitting
5. Dust cap
6. Cap screw (2 used)
7. Hydraulic adapter
8. Flat washer (2 used)
9. 90o hydraulic fitting
10. Clamp

11. Hose (from filter)
12. Cap screw (2 used)
13. 90o hydraulic fitting
14. O--ring
15. O--ring
16. O--ring
17. O--ring
18. O--ring
19. O--ring

20. Engine
21. O--ring
22. O--ring
23. Diagnostic fitting
24. Hose (from hydraulic tank)
25. Washer (2 used)
26. Tee fitting
27. Test fitting
28. O--ring

Figure 54
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Removal (Fig. 54)

1. Park machine on a level surface, lower cutting
decks, stop engine, apply parking brake and remove
key from the ignition switch.

2. Remove hood to gain access to hydraulic pumps
(see Hood Removal in the Service and Repairs section
of Chapter 7 -- Chassis).

3. Drain the hydraulic reservoir.

4. To prevent contamination of hydraulic system during
pump removal, thoroughly clean exterior of pump as-
sembly including hydraulic hoses.

5. For assembly purposes, label wire harness leads for

traction pump solenoids. Disconnect wire harness con-
nectors from two (2) solenoids on pump.

6. Read the General Precautions for Removing and
Installing Hydraulic System Components at the begin-

ning of the Service and Repairs section of this chapter.

7. Label all hydraulic hose connections for assembly
purposes.

8. Put a drain pan below the pump assembly. Remove

all hydraulic hoses connected to piston and gear pumps.
Put plugs or caps on disconnected hydraulic hoses and
fittings to prevent contamination of the system.

9. Remove gear pump from machine (see Gear Pump

Removal in this section).

CAUTION

Make sure piston pump is properly supported
before removing the pump mounting screws.
Piston pump assembly weighs approximately 86
pounds (39 kg).

10.Attach hoist to piston pump to support pump and also
to allow safe removal of pump from machine.

11. Remove two (2) cap screws and washers that retain

pump assembly to flywheel coupling housing on engine.

12.Carefully slide pump assembly from housing on en-
gine and raise pump out of the machine.

13.If hydraulic fittings are to be removed from piston

pump, mark fitting orientation to allow correct assembly.
Remove fittings from pump and discard O--rings.

Installation (Fig. 54)

1. If fittings were removed from piston pump, lubricate
and place new O--rings onto fittings. Install fittings into
pump openings using marks made during the removal

process to properly orientate fittings. Tighten fittings
(see Hydraulic Fitting Installation in the General Infor-
mation section of this chapter).

2. Attach hoist to piston pump to support pump and also

to allow safe installation of pump into machine.

3. Carefully lower piston pump into the machine and
position it to the flywheel coupling housing on engine.
Support pump to make sure that side loads are not ap-

plied to flywheel coupling and that pump pilot is aligned
with coupling housing on engine. Support pump to pre-
vent it from shifting or falling while installing two (2) cap
screws and washers securing piston pump to engine

housing. Torque screws from 135 to 165 ft--lb (184 to
223 N--m).

4. Install gear pump to piston pump (see Gear Pump
Installation in this section).

5. Using labels placed during removal, correctly con-
nect two (2) wire harness connectors to solenoids on
traction pump.

6. Remove plugs or caps from disconnected hydraulic

hoses. Install hoses to correct location on gear and pis-
ton pumps (see Hydraulic Hose and Tube Installation in
the General Information section of this chapter).

7. Remove and replace hydraulic filters.

8. Fill hydraulic reservoir with correct oil.

9. Properly fill hydraulic system (see Charge Hydraulic
System in this section).

10.Stop engine and check for hydraulic oil leaks. Check

hydraulic reservoir oil level.

11. Install hood (see Hood Installation in the Service and
Repairs section of Chapter 7 -- Chassis).
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Piston (Traction) Pump Service

1. Rotary group
2. Stroking piston assembly
3. Port plate assembly
4. Pump support plate assembly
5. EP control assembly
6. Gasket
7. Socket head screw (4 used)
8. Dowel pin (2 used)
9. Plug
10. Retaining ring
11. Shaft seal

12. Retaining ring
13. Joint pin
14. Forward traction relief valve
15. Reverse traction relief valve
16. Charge relief valve
17. Socket head screw (4 used)
18. Socket head screw
19. Guide ring
20. Rod seal
21. O--ring
22. Dowel pin (2 used)

23. Socket head screw (4 used)
24. Plug
25. Pump housing
26. Orifice
27. Plug
28. O--ring
29. Socket head screw (4 used)
30. Clamping pin
31. Plug
32. Bearing
33. O--ring

Figure 55
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NOTE: For piston (traction) pump repair procedures,
see the Rexroth Variable Pump A10VG Repair Instruc-
tions and Repair Manual at the end of this chapter.

IMPORTANT: If a piston (traction) pump failure oc-
curred, refer to Traction Circuit Component Failure
in the General Information section for information
regarding the importance of removing contamina-

tion from the traction circuit.
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Front Wheel Motors

1. Front wheel motor
2. Splined brake shaft
3. Internal retaining ring
4. Planetary assembly
5. Gasket
6. Front wheel assembly
7. Brake assembly (LH shown)
8. Flange head screw (6 per planetary)

9. O--ring
10. Flange head screw (4 per brake)
11. Cap screw (2 used per motor)
12. Flat washer (2 used per motor)
13. Hydraulic fitting
14. O--ring
15. O--ring

16. O--ring
17. Hydraulic fitting (2 used per motor)
18. O--ring
19. Hydraulic tube
20. Hydraulic tube
21. Hydraulic tube
22. Traction control manifold

Figure 56
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Removal (Fig. 56)

1. Park machine on a level surface, lower cutting
decks, stop engine, apply parking brake and remove
key from the ignition switch.

2. Read the General Precautions for Removing and
Installing Hydraulic System Components at the begin-
ning of the Service and Repairs section of this chapter.

3. To prevent contamination of hydraulic system during

motor removal, thoroughly clean exterior of motor, hy-
draulic tubes and fittings.

4. To allow easier access to hydraulic tube fittings at
wheel motor, remove pin that secures lift cylinder to front

deck lift arm and lower front of lift cylinder (see Front
Deck Lift Cylinder Removal in this section).

5. Disconnect hydraulic tubes from wheel motor. Also,
loosen fittings that are at other end of tubes to allow

tubes to be shifted for wheel motor removal.

6. Put caps or plugs on disconnected hydraulic lines
and fittings to prevent contamination.

IMPORTANT: Before loosening fasteners, support

wheel motor to prevent motor from falling during re-
moval.

7. Remove two (2) cap screws and flat washers that se-
cure front wheel motor to brake and planetary assem-

blies.

8. Slide front wheel motor from brake assembly and re-
move from machine.

9. Remove and discard O--ring from between wheel

motor and brake assembly.

10.If necessary, remove fittings from wheel motor and
discard fitting O--rings.

Installation (Fig. 56)

1. If fittings were removed from wheel motor, lubricate
and place new O--rings onto fittings. Install fittings into
motor ports and tighten fittings (see Hydraulic Fitting

Installation in the General Information section of this
chapter).

2. Lightly oil new O--ring (item 9) and place on wheel
motor flange.

3. Position wheel motor to brake assembly making sure
that case drain port is above supply line ports (Fig. 57).

4. Align splines on motor shaft and splined brake shaft
in brake assembly. Slide motor into brake assembly.

5. Secure motor to brake and planetary assemblies
with two (2) cap screws and flat washers. Torque cap
screws from 75 to 85 ft--lb (102 to 115 N--m).

6. Remove plugs from hydraulic lines and fittings. At-

tach hydraulic tubes to wheel motor and then tighten all
tube fittings (see Hydraulic Hose and Tube Installation
in the General Information section of this chapter).

7. Fill reservoir with new hydraulic fluid as required.

1. Wheel motor backplate
2. Case drain port

3. Supply line port

Figure 57
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Front Wheel Motor Service

1. Drive shaft
2. Backplate
3. Housing assembly
4. Rotating assembly
5. Cam plate insert
6. Retaining ring

7. Cap screw (6 used)
8. Shaft seal
9. Retaining ring
10. Thrust race
11. O--ring
12. Valve plate

13. Thrust bearing
14. Roll pin
15. Roll pin
16. Bearing
17. Bearing
18. Washer

Figure 58

6

8

1

9
10

13

7

2

11

14

3

17

15

16

12

4

5

9

10

18
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(20 to 24 N--m)

NOTE: The front wheel motors on Groundsmaster
5900 and 5910 machines are Eaton Model 74348 mo-
tors. The front wheel motors are identical. For wheel mo-
tor repair procedures, see the Eaton Repair Information:

Model 74318 and 74348 Piston Motors at the end of this
chapter.

IMPORTANT: If a wheel motor failure occurred, refer
to Traction Circuit Component Failure in the Gener-
al Information section for information regarding the
importance of removing contamination from the

traction circuit.
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Rear Wheel Motors

1. Rear tire
2. Lug nut (6 used per wheel)
3. Cap screw (4 used per motor)
4. Lock washer (4 used per motor)
5. LH wheel motor
6. Valve stem
7. Tie rod assembly
8. RH steering spindle

9. RH wheel motor
10. Hex nut
11. Square key
12. Wheel stud (6 used per wheel)
13. Wheel hub
14. Hydraulic fitting
15. O--ring

16. O--ring
17. LH steering spindle
18. Wheel rim
19. Steering cylinder (2 used)
20. Rear axle
21. Hydraulic hose
22. Hydraulic hose

Figure 59
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RIGHT 67 to 83 ft--lb

(91 to 112 N--m)
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(428 to 522 N--m)
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Removal (Fig. 59)

WARNING

Before disconnecting or performing any work on

the hydraulic system, all pressure in the system

must be relieved. See Relieving Hydraulic System

Pressure in the General Information section.

1. Park machine on a level surface, lower cutting
decks, stop engine, apply parking brake and remove
key from the ignition switch.

2. Chock front wheels to prevent machine from shifting.

3. Loosen, but do not remove, six (6) wheel lug nuts and
hex nut (item 10) that secures wheel hub to wheel motor.

WARNING

Before jacking up the machine, review and follow
Jacking Instructions in Chapter 1 -- Safety.

4. Jack up machine enough to allow the removal of the

rear wheel. Support machine with jack stands.
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5. Remove rear wheel assembly from the machine (see
Rear Wheel Removal in the Service and Repairs section
of Chapter 6 -- Chassis).

IMPORTANT: DO NOT hit wheel hub, wheel hub

puller or wheel motor with a hammer during removal
or installation. Hammering may cause damage to
the wheel motor.

6. Make sure that hex nut (item 10) that secures wheel

hub to wheel motor is loosened at least two (2) turns.
Use hub puller (see Special Tools) to loosen wheel hub
from wheel motor.

7. Remove loosened hex nut and wheel hub from motor

shaft. Locate and retrieve square key from wheel motor
shaft.

8. Thoroughly clean hydraulic hose ends and fittings on
rear wheel motor to prevent hydraulic system contami-

nation.

9. Label all hydraulic hoses for assembly purposes.
Remove hydraulic hoses from fittings on wheel motor.
Allow hoses to drain into a suitable container.

10.Remove hydraulic fittings from wheel motor. Re-
move and discard O--rings from fittings.

11. Put clean plugs in disconnected hydraulic hoses and
wheel motor ports to prevent system contamination.

12.Support the wheel motor to prevent it from falling dur-
ing removal.

13.Remove four (4) cap screws and lock washers that
secure wheel motor to the steering spindle.

14.Remove wheel motor from frame.

Installation (Fig. 59)

IMPORTANT: Because of internal differences in
rear wheel motors, DO NOT interchange rear wheel

motors on machine (i.e. do not put right side motor
on left side of machine). The left side wheel motor
has a yellow identification mark on the motor hous-
ing. If necessary, use parts catalog and part number

on wheel motor to identify RH and LH motors.

1. Position rear wheel motor to steering spindle. Make
sure that ports in wheel motor are facing toward the rear
of the machine.

2. Secure wheel motor to spindle with four (4) cap
screws and lock washers. Torque screws from 67 to 83
ft--lb (91 to 112 N--m).

3. Remove plugs from disconnected hydraulic hoses
and wheel motor ports.

4. Lubricate and install new O--rings to hydraulic fit-
tings. Install fittings into wheel motor ports (see Hydrau-

lic Fitting Installation in the General Information section
of this chapter).

5. Remove caps or plugs placed during removal to pre-
vent contamination.

6. Using labels placed during the removal process,
properly connect hydraulic hoses to wheel motor fittings
(see Hydraulic Hose and Tube Installation in the Gener-
al Information section of this chapter).

7. Make sure that tapers of wheel motor shaft and
wheel hub are thoroughly clean.

8. Position square key to keyslot in wheel motor shaft.

IMPORTANT: Do not reuse hex nut that secures

wheel hub to wheel motor after it has been removed.

9. Place wheel hub on motor shaft and secure with new
hex nut (item 10).

10.Install wheel assembly to the machine and secure

with six (6) lug nuts.

11. Lower the machine to the ground.

Failure to properly tighten nut that secures
wheel hub or wheel lug nuts could result in fail-
ure or loss of wheel and may result in personal
injury.

WARNING

12.Torque hex nut (item 10) from 315 to 385 ft--lb (428

to 522 N--m).

13.Torque wheel lug nuts from 70 to 90 ft--lb (95 to 122
N--m).

14.Make sure hydraulic tank is full. Add correct oil if nec-

essary.

15.After assembly is completed, verify that hydraulic
hoses and fittings do not contact anything through full
range of axle motion. Also, check for any hydraulic

leaks.
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Rear Wheel Motor Service

1. Cap screw (7 used)
2. Commutator assembly
3. Manifold
4. Stator assembly
5. Wear plate
6. Drive link

7. Shaft seal
8. Back--up washer
9. End cover
10. Commutator ring
11. Body seal (5 used)

12. Thrust bearing
13. Coupling shaft
14. Back--up ring
15. Housing
16. Dirt and water seal

Figure 60

(61 to 75 N--m)
45 to 55 ft--lb

4

3

1

2

9

10

11

8

5

6

7

11

11

12

13

14

15

16

NOTE: The rear wheel motors on Groundsmaster 5900
and 5910 machines are Parker TorqmotorTM TG Series.
Right and left motors are the same basic design but the
right side motor has a reverse timed manifold to allow

correct rotation direction for forward and reverse. The
left side wheel motor has a yellow identification mark on
the motor housing.

NOTE: For rear wheel motor repair procedures, see the
Parker TorqmotorTM Service Procedure (TC, TB, TE, TJ,
TF, TG, TH and TL Series) at the end of this chapter.

IMPORTANT: If a wheel motor failure occurred, refer

to Traction Circuit Component Failure in the Gener-
al Information section for information regarding the
importance of removing contamination from the
traction circuit.
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Traction Control Manifold

FRONT

RIGHT

1. Traction control manifold
2. Flange head screw (4 used)
3. Front PTO control manifold

4. Planetary assembly
5. LH front wheel motor
6. Front wheel assembly

7. Frame assembly
8. Brake assembly

Figure 61
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NOTE: The ports on the traction control manifold are
marked for easy identification of components. Example:
P is the piston pump connection port and S is the loca-
tion for the solenoid valve (see Hydraulic Schematic in

Chapter 10 -- Foldout Drawings to identify the function
of the hydraulic lines and cartridge valves at each port).
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Removal (Fig. 61)

1. Read the General Precautions for Removing and
Installing Hydraulic System Components at the begin-
ning of the Service and Repairs section of this chapter.

2. To prevent contamination of hydraulic system during
manifold removal, thoroughly clean exterior of manifold
and fittings.

3. Disconnect wire harness connector from the sole-

noid valve.

4. Disconnect all hydraulic lines from manifold and put
caps or plugs on open hydraulic lines and fittings to pre-
vent system contamination. Label disconnected hy-

draulic lines for proper assembly.

5. Remove hydraulic manifold from the frame using
Figure 61 as guide.

6. If hydraulic fittings are to be removed from manifold,

mark fitting orientation to allow correct assembly. Re-
move fittings from manifold and discard O--rings.

Installation (Fig. 61)

1. If fittings were removed from manifold, lubricate and

place new O--rings onto fittings. Install fittings into man-
ifold openings using marks made during the removal
process to properly orientate fittings. Refer to Figure 62
for straight fitting installation torque. For information on

tightening procedures for other manifold fittings, see Hy-
draulic Fitting Installation in the General Information
section of this chapter.

2. Install traction control manifold to the frame using

Figure 61 as guide.

3. Remove caps and plugs from fittings and hoses. Us-
ing labels placed during removal, properly connect hy-
draulic lines to manifold (see Hydraulic Hose and Tube

Installation in the General Information section of this
chapter).

4. Connect wire harness connector to the solenoid
valve.

5. Make sure hydraulic tank is full. Add correct oil if nec-
essary.

1. Dust cap
2. Quick fitting (G--OR)
3. O--ring
4. Orifice (G--OR)
5. Manifold
6. O--ring
7. Straight fitting (CH)
8. O--ring
9. O--ring

10. Straight fitting (M2)
11. O--ring
12. O--ring
13. Straight fitting (CD)
14. O--ring
15. Tee fitting (M1)
16. O--ring
17. 90o fitting (P)

Figure 62
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Traction Control Manifold Service

20 ft--lb
(27 N--m)

75 ft--lb
(101 N--m)
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50 ft--lb
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1. Dust cap
2. Quick fitting (G--OR)
3. O--ring
4. Orifice (G--OR)
5. #8 NWD plug
6. O--ring

7. #4 NWD plug (3 used)
8. Solenoid valve (S)
9. Solenoid coil
10. Nut
11. Flow divider (FD)

12. Pilot directional valve (PD)
13. Manifold body
14. Check valve (CV)
15. #12 NWD plug
16. O--ring

Figure 63

UP

NOTE: The ports on the traction control manifold are
marked for easy identification of components. Example:
P is the piston pump connection port and S is the loca-
tion for the solenoid valve (see Hydraulic Schematic in

Chapter 10 -- Foldout Drawings to identify the function
of the hydraulic lines and cartridge valves at each port).

NOTE: The traction control manifold includes several
zero leak NWD plugs. These plugs have a tapered seal-
ing surface on the plug head that is designed to resist
vibration induced plug loosening. The zero leak plugs

also have an O--ring as a secondary seal. If zero leak
plug removal is necessary, lightly rap the plug head us-
ing a punch and hammer before using an allen wrench
to remove the plug: the impact will allow plug removal wi-

th less chance of damage to the socket head of the plug.
When installing plugs, refer to Figure 63 for plug installa-
tion torque.
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Valve Cartridge Service

1. Make sure the entire outer surface of the manifold is
clean before removing the valve.

2. If cartridge is solenoid operated, remove nut secur-

ing solenoid coil to the cartridge valve. Carefully slide
solenoid coil off the valve.

IMPORTANT: Use care when handling the valve car-
tridge. Slight bending or distortion of the stem tube

can cause binding and malfunction.

3. Remove cartridge valve with a deep socket wrench.
Note correct location for O--rings, sealing rings and
backup rings. Remove and discard seal kit.

4. Visually inspect the port in the manifold for damage
to the sealing surfaces, damaged threads and contami-
nation. Also, inspect cartridge valve for damaged seal-
ing surfaces and contamination.

A. Contamination may cause valves to stick or hang
up. Contamination can become lodged in small valve
orifices or seal areas causing malfunction.

B. If valve sealing surfaces appear pitted or dam-

aged, the hydraulic system may be overheating or
there may be water in the system.

CAUTION

Use eye protection such as goggles when using
compressed air.

5. Clean cartridge valve using clean mineral spirits.
Submerge valve in clean mineral spirits to flush out con-
tamination. Particles as fine as talcum powder can affect
the operation of high pressure hydraulic valves. If car-

tridge design allows, use a wood or plastic probe to push
the internal spool in and out 20 to 30 times to flush out
contamination. Be extremely careful to not damage car-
tridge. Use compressed air for cleaning.

6. Reinstall the cartridge valve:

A. Lubricate new seal kit components with clean hy-
draulic oil and install on valve. The O--rings, sealing
rings and backup rings must be arranged properly on

the cartridge valve for proper operation and sealing.

IMPORTANT: Use care when handling the valve
cartridge. Slight bending or distortion of the
stem tube can cause binding and malfunction.

B. Thread cartridge valve carefully into manifold
port. The valve should go in easily without binding.

C. Torque cartridge valve using a deep socket to val-
ue identified in manifold illustration.

D. If cartridge is solenoid operated, carefully install
solenoid coil to the cartridge valve. Torque nut to val-
ue identified in manifold illustration. Over--tightening
may damage the solenoid or cause the valve to mal-

function.

7. If problems still exist, remove valve and clean again
or replace valve.
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4WD Control Manifold

1. 4WD control manifold
2. O--ring
3. O--ring
4. Hydraulic tee fitting

5. Hydraulic tee fitting
6. Flange nut
7. Bulkhead mount plate
8. Flange nut (2 used)

9. Cap screw
10. Cap screw (2 used)
11. Flush manifold
12. Flange screw (4 used)

Figure 64
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NOTE: The ports on the 4WD control manifold are
marked for easy identification of components. Example:
P1 is the pump supply port for the forward direction and
S is the location for the solenoid valve (see Hydraulic

Schematic in Chapter 10 -- Foldout Drawings to identify
the function of the hydraulic lines and cartridge valves
at each port).
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Removal (Fig. 64)

1. Read the General Precautions for Removing and
Installing Hydraulic System Components at the begin-
ning of the Service and Repairs section of this chapter.

2. To prevent contamination of hydraulic system during
manifold removal, thoroughly clean exterior of manifold
and fittings.

3. Disconnect wire harness connector from the sole-

noid valve.

4. Disconnect all hydraulic lines from manifold and put
caps or plugs on open hydraulic lines and fittings. Label
disconnected hydraulic lines for proper assembly.

5. Support manifold to prevent it from falling.

6. Remove four (4) flange screws that secure 4WD
control manifold to frame. Remove manifold from frame.

7. If hydraulic fittings are to be removed from manifold,

mark fitting orientation to allow correct assembly. Re-
move fittings from manifold and discard O--rings.

Installation (Fig. 64)

1. If fittings were removed from manifold:

A. Lubricate new O--rings with clean hydraulic oil.
Install lubricated O--rings on fittings.

B. Install fittings into manifold openings using marks
made during the removal process to properly orien-

tate fittings.

C. Refer to Figure 65 for straight fitting installation
torque. For information on tightening procedures for
adjustable fittings, see Hydraulic Fitting Installation

in the General Information section of this chapter.

2. Position 4WD control manifold to the frame and se-
cure with four (4) flange screws.

3. Remove caps and plugs from fittings and hoses.

Properly connect hydraulic lines to manifold (see Hy-
draulic Hose and Tube Installation in the General Infor-
mation section of this chapter).

4. Connect wire harness connector to the solenoid

valve.

5. Make sure hydraulic tank is full. Add correct oil if nec-
essary.

1. 90o fitting (P3)
2. O--ring
3. O--ring
4. 4WD manifold
5. O--ring
6. 90o fitting (P1 & P2)
7. O--ring

8. O--ring
9. 90o fitting (CHG & CD)
10. O--ring
11. O--ring
12. Quick fitting (G1 & G2)
13. Dust cap

Figure 65
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4WD Control Manifold Service

1. Orifice (0.040) (OR2)
2. Plug with O--ring
3. NWD #6 plug with O--ring
4. NWD #8 plug with O--ring
5. Solenoid valve (SV)

6. Solenoid coil
7. Nut
8. Check valve (CV)
9. NWD #4 plug with O--ring
10. Directional pilot valve (PD2)

11. Orifice (0.030) (OR1)
12. Relief valve (RV)
13. Pressure valve (PR)
14. Directional pilot valve (PD1)

Figure 66
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NOTE: The ports on the 4WD control manifold are
marked for easy identification of components. Example:
P1 is the pump supply port for the forward direction and
RV is the location for the relief valve (see Hydraulic

Schematic in Chapter 10 -- Foldout Drawings to identify
the function of the hydraulic lines and cartridge valves
at each port).

Valve Cartridge Service (Fig. 66)

For solenoid and control valve service procedures, see
Hydraulic Traction Control Manifold Service in this sec-
tion. Refer to Figure 66 for 4WD control manifold car-
tridge valve and plug installation torque.

NOTE: The 4WD control manifold includes several
zero leak NWD plugs. These plugs have a tapered seal-
ing surface on the plug head that is designed to resist
vibration induced plug loosening. The zero leak plugs

also have an O--ring as a secondary seal. If zero leak
plug removal is necessary, lightly rap the plug head us-
ing a punch and hammer before using an allen wrench
to remove the plug: the impact will allow plug removal wi-

th less chance of damage to the socket head of the plug.
When installing plugs, refer to Figure 66 for plug installa-
tion torque.

IMPORTANT: An orifice is placed beneath the plugs

in the control manifold OR1 and OR2 ports. If one of
these plugs is removed, make sure to remove orifice
and label its position for assembly purposes.
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Traction Flush Manifold

1. 4WD control manifold
2. O--ring
3. O--ring
4. Hydraulic tee fitting
5. Hydraulic tee fitting

6. Flange nut
7. Bulkhead mount plate
8. Flange nut (2 used)
9. Cap screw
10. Cap screw (2 used)

11. Hydraulic oil temp sender
12. O--ring
13. Flush manifold assembly
14. Flange screw (4 used)

Figure 67
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NOTE: The ports on the traction flush manifold are
marked for easy identification of components. Example:
CV is the check valve port and TS is the temperature
sender port (see Hydraulic Schematic in Chapter 10 --

Foldout Drawings to identify the function of the hydraulic
lines and cartridge valves at each port).

NOTE: The traction flush manifold includes a zero leak
NWD plug. This plug has a tapered sealing surface on

the plug head that is designed to resist vibration induced
plug loosening. The zero leak plug also has an O--ring
as a secondary seal. If zero leak plug removal is neces-
sary, lightly rap the plug head using a punch and ham-

mer before using an allen wrench to remove the plug:
the impact will allow plug removal with less chance of
damage to the socket head of the plug. When installing
plug, refer to Figure 68 for plug installation torque.

Removal (Fig. 67)

1. Read the General Precautions for Removing and
Installing Hydraulic System Components at the begin-
ning of the Service and Repairs section of this chapter.

2. To prevent contamination of hydraulic system during
manifold removal, thoroughly clean exterior of manifold
and fittings.

3. Disconnect hydraulic lines from flush manifold and

put caps or plugs on open hydraulic lines and fittings. La-
bel disconnected hydraulic lines for proper assembly.
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4. Support flush manifold to prevent it from falling. Re-
move two (2) cap screws and flange nuts that secure
manifold to frame (Fig. 67). Remove flush manifold from
the machine.

5. If hydraulic fittings are to be removed from flush man-
ifold, mark fitting orientation to allow correct assembly.
Remove fittings from manifold and discard O--rings.

Installation (Fig. 67)

1. If fittings were removed from manifold:

A. Lubricate new o--rings with clean hydraulic oil.
Install lubricated o--rings on fittings.

B. Install fittings into manifold openings using marks

made during the removal process to properly orien-
tate fittings.

C. Refer to Figure 68 for straight fitting installation
torque. For information on tightening procedures for

adjustable fittings, see Hydraulic Fitting Installation
in the General Information section of this chapter.

2. Refer to Figure 68 for check valve, shuttle valve and
plug installation torque.

3. Position flush manifold to the frame and secure with
two (2) cap screws and flange nuts.

4. Remove caps and plugs from fittings and hoses.
Properly connect hydraulic lines to manifold (see Hy-

draulic Hose and Tube Installation in the General Infor-
mation section of this chapter).

5. Make sure hydraulic tank is full. Add correct oil if nec-
essary.

1. O--ring
2. Straight fitting (P2)
3. O--ring
4. #6 NWD plug/O--ring
5. Shuttle valve (HS)
6. Flush manifold

7. Tee fitting (CD)
8. Check valve (CV)
9. O--ring
10. O--ring
11. 90o fitting (P1)

Figure 68
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PTO Circuit

1. Gear pump
2. RH PTO control manifold
3. Hydraulic hose to oil cooler
4. Hydraulic hose from oil cooler

5. LH PTO control manifold
6. LH cutting deck motor
7. Filter manifold

8. RH cutting deck motor
9. Front cutting deck motor
10. Front PTO control manifold

Figure 69
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Figure 69 illustrates the components that are used in the
Groundsmaster PTO circuit. Procedures for removal,
installation and disassembly/assembly of these compo-
nents are provided on the following pages of this sec-

tion.
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Cutting Deck Motor

1. Hydraulic hose
2. O--ring
3. Cutting deck motor
4. Flange head screw (2 used)
5. 90o hydraulic fitting
6. O--ring
7. Hydraulic hose

8. Hex nut
9. Spindle assembly
10. Motor mount
11. Spider
12. Washer
13. Spider hub

14. Woodruff key
15. Mounting shim (if equipped)
16. O--ring
17. Hydraulic fitting
18. O--ring
19. Hydraulic hose

Figure 70
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Removal (Fig. 70)

1. Park machine on a level surface, lower cutting
decks, stop engine, apply parking brake and remove
key from the ignition switch.

2. Remove cutting deck cover to gain access to cutting
deck motor.

3. Read the General Precautions for Removing and
Installing Hydraulic System Components at the begin-

ning of the Service and Repairs section of this chapter.

4. Label hydraulic lines for proper assembly. Discon-
nect hydraulic hoses from deck motor. Put caps or plugs
on fittings and hoses to prevent contamination.

5. Remove two (2) flange head screws that secure hy-
draulic motor to motor mount.

6. Carefully remove hydraulic motor from cutting deck
taking care not to damage spider hub attached to motor.
Locate and remove spider and mounting shim(s) (if
present) from the deck.

7. If hydraulic fittings are to be removed from deck mo-
tor, mark fitting orientation to allow correct assembly.
Remove fittings from motor and discard O--rings.

8. If required, remove hex nut and washer that secure

spider to motor shaft. Use suitable puller to remove hub
from shaft. Remove woodruff key.

Installation (Fig. 70)

1. If fittings were removed from deck motor, lubricate

and place new O--rings onto fittings. Install fittings into
motor ports using marks made during the removal pro-
cess to properly orientate fittings. Tighten fittings (see
Hydraulic Fitting Installation in the General Information

section of this chapter).
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2. If removed, install woodruff key and spider hub to
motor shaft. Secure with washer and hex nut. Torque nut
from 27 to 33 ft--lb (37 to 44 N--m).

3. Check for proper clearance between spider hub and

spindle pulley. Install motor to cutting deck without plac-
ing the spider in the spindle pulley. The clearance be-
tween hub and pulley valleys should be from 0.830” to
0.930” (21.1 to 23.6 mm). If required, use mounting

shim(s) between motor and motor mount to adjust clea-
rance.

4. Position spider in spindle pulley. Place mounting
shim(s) (if required) on deck. Carefully install hydraulic

motor to the cutting deck taking care to not damage spi-
der hub attached to motor.

5. Secure motor to cutting deck with two (2) flange head
screws.

IMPORTANT: For proper hydraulic hose routing,
make sure cutting decks are fully lowered before
installing hoses to deck motor.

6. Remove caps or plugs from fittings and hoses. Con-

nect hydraulic hoses to deck motor (see Hydraulic Hose
and Tube Installation in the General Information section
of this chapter).

7. After assembly is completed, verify that hydraulic

hoses and fittings are not contacted by moving compo-
nents through full range of deck movement.

8. Install cutting deck cover.

9. Fill reservoir with new hydraulic fluid as required.

1. Deck motor (front)
2. Flange head screw
3. Inlet hose

4. Return hose
5. Case drain hose

Figure 71
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Cutting Deck Motor Service

1. Rear cover
2. Drive gear
3. Shaft seal
4. Retaining ring
5. Flange washer
6. Front wear plate

7. Dust seal
8. Pressure seal
9. Back--up gasket
10. O--ring
11. Body
12. Idler gear

13. Cap screw (4 used)
14. Front flange
15. Dowel pin (4 used)
16. Washer (4 used)
17. Rear wear plate

Figure 72
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Disassembly (Fig. 72)

1. Plug motor ports and clean the outside of the motor
thoroughly. After cleaning, remove plugs and drain any
oil out of the motor.

2. Remove nut and washer that secure spider hub to
motor shaft (Fig. 73). Use suitable puller to remove hub
from shaft. Remove woodruff key.

3. Use a marker to make a diagonal line across the

front flange, body and rear cover for assembly purposes
(Fig. 74).

IMPORTANT: To prevent distorting the motor hous-
ing during disassembly, do not clamp housing in a

vise.

4. Clamp front flange of motor in a vise with soft jaws
with the shaft end down.

5. Loosen cap screws from the rear cover.

1. Deck motor
2. Woodruff key
3. Spider hub

4. Washer
5. Nut

Figure 73
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6. Remove motor from the vise and remove cap
screws.

7. Remove rear cover from the body.

8. Carefully remove body. Lift body straight up to re-

move. Make sure the rear wear plate remains on the
drive and idler gear shafts. Remove and discard O--
rings from the body. Locate and retrieve dowel pins.

IMPORTANT: Note position of the open and closed

side of the wear plates before removing. Also, iden-
tify wear plates (front and rear) with a marker for
proper assembly.

9. Carefully remove rear wear plate, idler gear, drive

gear and front wear plate from the front flange.

10.Remove and discard back--up gaskets and pressure
seals from wear plates.

11. Turn front flange over, with seal side up.

IMPORTANT: Make sure not to damage the front
flange counter bore when removing the seals from
the front flange.

12.Carefully remove dust seal, retaining ring, flange

washer and shaft seal from the front flange (Fig. 76).
Discard seals.

Inspection

1. Remove any nicks and burrs from all parts with

emery cloth.

CAUTION

Use eye protection such as goggles when using
compressed air.

2. Clean all parts with solvent. Dry all parts with com-
pressed air.

3. Inspect drive gears and idler gears for the following

(Fig. 75):

A. Gear shafts should be free of rough surfaces and
excessive wear at bushing points and sealing areas.
Scoring, rough surfaces or wear on gear shafts indi-

cates need for replacement.

B. Gear teeth should be free of excessive scoring
and wear. Any broken or nicked gear teeth must be

replaced.

C. Inspect gear face edge for sharpness. Sharp
edges of gears will mill into wear plates and, thus,
must be replaced.

Figure 74

MARKER LINE

1. Gear shaft spline
2. Gear shaft

3. Gear teeth
4. Gear face edge

Figure 75
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4. Inspect wear plates for the following:

A. Bearing areas should not have excessive wear or
scoring.

B. Face of wear plates that are in contact with gears
should be free of wear, roughness or scoring.

C. Thickness of wear plates should be equal.

5. Inspect front flange and rear cover for damage or

wear.

Assembly (Fig. 72)

NOTE: When assembling the motor, check the marker

line on each part to make sure the parts are properly
aligned during assembly.

1. Lubricate O--rings, pressure seals, back--up gaskets
and wear plate grooves with a thin coat of petroleum jel-

ly. Lubricate all other internal parts freely with clean hy-
draulic oil.
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2. Install new seals into front flange (Fig. 76):

A. Press shaft seal into front flange until it reaches
the bottom of the bore.

B. Install flange washer into front flange and then

install retaining ring into the groove of the front
flange.

C. Install new dust seal into front flange.

3. Place front flange, seal side down, on a flat surface.

4. Install the pressure seals, flat side outward, into the
grooves in the wear plates. Follow by carefully placing
the backup gaskets, flat side outward, between the
pressure seals and the grooves in the wear plate.

5. Apply a light coating of petroleum jelly to the exposed
side of the front flange.

6. Lubricate the drive gear shaft with clean hydraulic oil.
Insert the drive end of the drive shaft through the wear

plate with the pressure seal side down and the open side
of the pressure seal pointing to the inlet side of the mo-
tor. Carefully install shaft into front flange.

7. Lubricate the idler gear shaft with clean hydraulic oil.

Install idler gear shaft into the remaining position in the
front wear plate. Apply a light coating of clean hydraulic
oil to gear faces.

8. Install rear wear plate with pressure seal side up and

open side of the pressure seal pointing to the inlet side
of the motor.

9. Apply a light coating of petroleum jelly to new O--
rings and O--ring grooves in the body. Install new O--

rings to the body.

10.Install locating dowels in body. Align marker line on
the body and front flange.

IMPORTANT: Do not dislodge seals during installa-

tion.

11. Gently slide the body onto the assembly. Firm hand
pressure should be sufficient to engage the dowels.

1. Dust seal
2. Retaining ring

3. Flange washer
4. Shaft seal

Figure 76
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12.Check to make sure that the surface of the rear wear

plate is slightly below the face of the body. If the wear
plate is not below the body, check assembly for a shifted
pressure seal, backup gasket or O--ring. Correct before
proceeding.

13.Apply a light coating of petroleum jelly to the exposed
side of the rear cover.

14.Place rear cover on assembly using marker line for
proper location. Firm hand pressure should be sufficient

to engage the dowels.

15.Install the four (4) cap screws with washers and hand
tighten.

IMPORTANT: Avoid using excessive clamping

pressure on the motor housing to prevent distorting
the housing.

16.Place front flange of the motor into a vise with soft
jaws and alternately torque the cap screws 33 ft--lb (45

N--m).

17.Remove motor from vise.

18.Place a small amount of clean hydraulic oil in the inlet
of the motor and rotate the drive shaft away from the inlet

one revolution. If any binding is noted, disassemble the
motor and check for assembly problems.
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PTO Control Manifolds

1. Front PTO control manifold
2. RH PTO control manifold
3. LH PTO control manifold

4. Traction control manifold
5. Cap screw (2 used per manifold)
6. Flange nut (2 used per manifold)

7. Main frame
8. Front axle frame

Figure 77
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The control manifolds for the three cutting deck sections
are very similar. Note: When servicing the PTO control
manifolds, DO NOT interchange parts from one control
manifold to another.

NOTE: The ports on the PTO control manifolds are
marked for easy identification of components. Example:
S is the solenoid valve and M2 is the return from the deck
motor (see Hydraulic Schematic in Chapter 10 -- Foldout

Drawings to identify the function of the hydraulic lines
and cartridge valves at each port).

Removal (Fig. 77)

1. Read the General Precautions for Removing and

Installing Hydraulic System Components at the begin-
ning of the Service and Repairs section of this chapter.

2. To prevent contamination of hydraulic system during
manifold removal, thoroughly clean exterior of manifold

and fittings.

3. Disconnect wire harness connector from the man-
ifold solenoid valve.

4. Disconnect hydraulic lines from manifold and put

caps or plugs on open hydraulic lines and fittings. Label
disconnected hydraulic lines for proper assembly.

5. Support PTO control manifold to prevent it from fal-
ling.

6. Remove two (2) cap screws and flange nuts that se-
cure manifold to frame. Remove PTO control manifold
from the frame.

7. If hydraulic fittings are to be removed from manifold,

mark fitting orientation to allow correct assembly. Re-
move fittings from manifold and discard O--rings.

Installation (Fig. 77)

1. If fittings were removed from manifold:

A. Lubricate new O--rings with clean hydraulic oil.
Install lubricated O--rings on fittings.

B. Install fittings into manifold openings using marks
made during the removal process to properly orien-

tate fittings.

C. Refer to Figures 78, 79 and 80 for straight fitting
installation torque. For information on tightening pro-
cedures for adjustable fittings, see Hydraulic Fitting

Installation in the General Information section of this
chapter.

2. Position PTO control manifold to the frame and se-
cure with two (2) cap screws and flange nuts.

1. Front PTO manifold
2. O--ring
3. Quick fitting
4. Dust cap
5. O--ring
6. Hydraulic 45o fitting
7. O--ring

8. Hydraulic 45o fitting
9. O--ring
10. O--ring
11. O--ring
12. Hydraulic tee fitting
13. O--ring
14. Hydraulic 90o fitting

Figure 78
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1. RH PTO manifold
2. O--ring
3. Quick fitting
4. Dust cap
5. O--ring
6. Hydraulic 90o fitting
7. O--ring

8. O--ring
9. Hydraulic tee fitting
10. O--ring
11. Hydraulic 90o fitting
12. O--ring
13. O--ring
14. Straight fitting

Figure 79
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3. Remove caps and plugs from fittings and hoses.
Properly connect hydraulic lines to manifold (see Hy-
draulic Hose and Tube Installation in the General Infor-
mation section of this chapter).

4. Connect wire harness connector to the solenoid
valve.

5. Make sure hydraulic tank is full. Add correct oil if nec-
essary.

1. LH PTO manifold
2. O--ring
3. Quick fitting
4. Dust cap
5. O--ring
6. Hydraulic 90o fitting
7. O--ring

8. Hydraulic 90o fitting
9. O--ring
10. O--ring
11. O--ring
12. Hydraulic 90o fitting
13. O--ring
14. Straight fitting

Figure 80
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