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I, Dr. J. Matt Quinlan, declare as follows: 

I. INTRODUCTION 

1. I have been retained by Robert Bosch Corp. (“Robert Bosch”) as an 

independent expert consultant in this proceeding before the United States Patent and 

Trademark Office (“PTO”).  I am not an employee of Robert Bosch or any affiliate 

or subsidiary of Bosch or any of the other petitioners or real parties-in-interest in this 

petition. 

2. I have been asked to consider whether certain references teach or 

suggest the features recited in certain claims of U.S. Patent No. 6,575,138 B2 to 

Welch et al., which I refer to herein as the ’138 patent. 

3. My opinions and the bases for my opinions are set forth below. 

4. I am being compensated at my ordinary and customary rate of $400 per 

hour for my work, plus reimbursement for any reasonable expenses.  My 

compensation is based solely on the amount of time that I devote to activity related 

to this case and is in no way contingent on the nature of my findings, the presentation 

of my findings in testimony, or the outcome of this or any other proceeding.  I have 

no other financial interest in this proceeding.  

II. EDUCATION BACKGROUND, PROFESSIONAL EXPERIENCE, 

AND OTHER QUALIFICATIONS 

5. My curriculum vitae (“CV”) is attached hereto as Attachment A and 

provides an accurate identification of my background and experience. 
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6. I am currently an assistant professor in the Mechanical and Aerospace 

Engineering department at the University of Colorado, Colorado Springs (“UCCS”).  

I am also the Director of UCCS’s Combustion and Acoustics Lab. 

7. I received a B.S. in mechanical engineering from Colorado State 

University in 2001.  

8. From 2001 to 2006, I worked as a fuel systems engineer at Sturman 

Industries.  My responsibilities included the development, testing, design, analysis, 

and customer interface/installation of diesel fuel injectors.   

9. Starting in 2006, I returned to Colorado State University to continue 

my studies.  I received a M.S. in mechanical engineering in 2009. 

10. Starting in 2009, I attended the Georgia Institute of Technology.  While 

there, I served as a Graduate Research Assistant and Research Engineer, focusing 

on combustion instability in liquid propellant rocket engines and the remote 

measurement of rocket engine chamber pressure dynamics. 

11. I received a Ph.D. in aerospace engineering from the Georgia Institute 

of Technology in 2015.   

12. From 2005 to the present, I also worked as a consultant engineer for my 

own consulting firm, known as Quinlan Engineering and Design, LLC.  I engage in 

engineering design, development, and analysis in fuel systems. 

Petitioner Ex. 1001, p. 6
                   Robert Bosch et al v. Westport

                    IPR2023-00293



 

-7- 

13. I joined the faculty at UCSS in 2018 as a visiting assistant professor 

and permanently in 2019 as an assistant professor. 

14. I am the named inventor on a number of patents relating to automotive 

technology, including fuel injectors.  These patents include, for example, U.S. Patent 

No. 7,681,592 (entitled “Three-way poppet valves with floating seat”), U.S. Patent 

No. 8,282,020 (entitled “Three-way valves and fuel injectors using the same”), and 

U.S. Patent No. 8,366,018 (entitled “Oil Intensified common rail injectors”). 

15.  I have also co-authored papers relating to fuel injectors, including 

“Evaluation of a 3-Way Direct Needle Control Unit Injector on Hydraulic Test 

Bench and V8 Engine,” SAE Technical Paper 2004-01-0024 (2004). 

16. A complete list of my patents and publications is included as part of my 

attached CV. 

III. ASSIGNMENT AND MATERIALS CONSIDERED 

17. I have been asked to provide analysis and explain the subject matter of 

the ’138 patent, including the state of the art when the ’138 patent application was 

filed.  I have also been asked to consider, analyze, and explain certain prior art to 

the ’138 patent, including how that art relates to the challenged claims of the ’138 

patent and to provide my opinions regarding whether that art invalidates the claimed 

subject matter. 
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18. The opinions expressed in this declaration are not exhaustive of 

opinions I may offer in the future regarding the unpatentability of the claims of 

the ’138 patent.  Therefore, the fact that I do not address a particular point should 

not be understood to indicate an agreement on my part that any claim complies with 

the requirements of any applicable patent or other rule. 

19. I reserve the right to amend and supplement this declaration in light of 

additional evidence, arguments, or testimony presented during this IPR or related 

proceedings on the ’138 patent. 

20. In forming the opinions set forth in this declaration, I have considered 

and relied upon my education, knowledge of the relevant field, knowledge of 

scientific and engineering principles, and my experience.  I have also reviewed and 

considered the ’138 patent (Exhibit 1001), its prosecution history (Exhibit 1002), 

and the following additional materials: 

Exhibit Description 

1004 U.S. Patent No. 5,479,902 to Wirbeleit et al. (“Wirbeleit”) 

1005 DE 197 08 304 A1 to Klügl (“Klügl”) 

1006 Certified translation of Klügl and associated translator’s declaration 

1007 U.S. Patent No. 5,735,240 B1 to Ito et al. (“Ito”) 

1008 U.S. Patent No. 6,295,969 B1 to Kato et al. (“Kato”) 

1009 U.S. Patent No. 5,697,554 B1 to Auwaerter et al. (“Auwaerter”) 

1010 U.S. Patent No. 4,725,002 to Trachte (“Trachte”) 
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1011 U.S. Patent No. 5,630,550 to Kurishige et al. (“Kurishige”) 

1012 U.S. Patent No. 4,684,067 to Cotter et al. (“Cotter”) 

1013 EP 0 107 894 A2 to Beck et al. (“Beck”) 

1014 U.S. Patent No. 4,284,263 to Newcomb (“Newcomb”) 

1015 GB 2 318 390 A to Roessler et al. (“Roessler”) 

1022 Plaintiff Westport Fuel Systems Canada Inc.’s Disclosure of 

Asserted Claims and Infringement Contentions from Westport Fuel 

Systems Canada Inc. v. Ford Motor Company, Case No. 2:21-cv-

00453 (E.D. Tex.) 

1023 U.S. Patent No. 6,148,842 to Kappel et al. (“Kappel”) 

1024 U.S. Patent No. 5,779,149 to Hayes, Jr. (“Hayes”) 

IV. UNDERSTANDING OF THE LAW 

21. I am not an attorney but have been instructed in and applied the law as 

described in this section.   

22. I understand that the first step in comparing an asserted claim to the 

prior art is for the claim to be properly construed.  I address how a person of ordinary 

skill in the art (“POSITA”) would have understood the claims in Section VIII below. 

23. I have been further instructed and understand that a patent claim is 

unpatentable and invalid as obvious if the subject matter of the claim as a whole 

would have been obvious to a POSITA of the claimed subject matter as of the time 

of the invention at issue.  I understand that when assessing the obviousness of 

claimed subject matter, the following factors are evaluated: (1) the scope and content 
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of the prior art; (2) the difference or differences between each claim of the patent 

and the prior art; and (3) the level of ordinary skill in the art at the time the patent 

was filed. 

24. I understand that claimed subject matter may be obvious in view of 

more than one item of prior art.  I understand, however, that it is not enough to show 

simply that all the limitations of the claimed subject matter are spread throughout 

the prior art.  Instead, for claimed subject matter to be obvious over multiple 

references, there must be some reason or motivation for a POSITA to combine the 

prior art references to arrive at the claimed subject matter. 

25. I have been informed that, in seeking to determine whether an invention 

that is a combination of known elements would have been obvious to a POSITA at 

the time of the invention, one must consider the references in their entirety to 

ascertain whether the disclosures in those references render the combination obvious 

to such a person. 

26. I have been informed and understand that, while not required, the prior 

art references themselves may provide a teaching, suggestion, motivation, or reason 

to combine, but other times the motivation linking two or more prior art references 

may be supplied by common sense or the background knowledge of a POSITA at 

the time of the invention. 
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27. I understand that a particular combination may be proven obvious by 

showing that it was obvious to try the combination.  I have been informed that, if a 

technique has been used to improve one device, and a POSITA would recognize that 

it would improve similar devices in the same way, using the technique is obvious 

unless its actual application is beyond his or her skill. 

28. I further understand that an obviousness analysis recognizes that market 

demand, rather than scientific literature, often drives innovation, and that a 

motivation to combine references also may be supplied by the direction of the 

marketplace.  For example, when there is a design need or market pressure to solve 

a problem and there are a finite number of identified, predictable solutions, a 

POSITA has good reason to pursue the known options within his or her technical 

grasp because the result is likely the product not of innovation but of ordinary skill 

and common sense. 

29. I have been informed that the combination of familiar elements 

according to known methods is likely to be obvious when it does no more than yield 

predictable results.  Thus, where all of the elements of a claim are used in 

substantially the same manner, in devices in the same field of endeavor, the claim is 

likely obvious. 

30. Additionally, I understand that a patent is likely to be invalid for 

obviousness if a POSITA can implement a predictable variation or if there existed 
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at the time of the invention a known problem for which there was an obvious solution 

encompassed by the patent’s claims.  Therefore, when a work is available in one 

field of endeavor, design incentives and other market forces can prompt variations 

of it, either in the same field or a different one. 

31. I further understand that combining embodiments related to each other 

in a single prior art reference would not ordinarily require a leap of inventiveness. 

32. I also understand that a POSITA must have had a reasonable 

expectation of success when combining references for claimed subject matter to be 

obvious. 

33. I have been informed and I understand that factors referred to as 

“objective indicia of non-obviousness” or “secondary considerations” are also to be 

considered when assessing obviousness when such evidence is available.  I 

understand that these factors can include: (1) commercial success; (2) long-felt but 

unresolved needs; (3) copying of the invention by others in the field; (4) initial 

expressions of disbelief by experts in the field; (5) failure of others to solve the 

problem the claimed subject matter solved; and (6) unexpected results. 

34. I also understand that evidence of objective indicia of non-obviousness 

must be commensurate in scope with the claimed subject matter.  I further 

understand that there must be a relationship, sometimes referred to as a “nexus,” 

between any such secondary indicia and the claimed invention. 
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35. Finally, I have been informed that one cannot use hindsight to 

determine that an invention was obvious. 

36. I provide my opinions in this declaration based on the guidelines set 

forth above. 

V. LEVEL OF SKILL IN THE ART 

37. I have been informed and understand that the level of ordinary skill in 

the relevant art at the time of the invention is relevant to inquiries such as the 

meaning of claim terms, the meaning of disclosures found in the prior art, and the 

reasons a POSITA may have for combining references. 

38. I have been informed and understand that factors that may be 

considered in determining the level of ordinary skill include: (1) the education of the 

inventor; (2) the type of problems encountered in the art; (3) prior art solutions to 

those problems; (4) rapidity with which innovations are made; (5) sophistication of 

the technology; and (6) education level of active workers in the relevant field.  I have 

been further informed and understand that a POSITA is also a person of ordinary 

creativity. 

39. A POSITA in the technology field of the ’138 patent would, in my 

opinion, have had a degree in mechanical engineering or a similar discipline, along 

with 2 years of professional experience working with the design and development 
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of fuel injection systems for internal combustion engines or an equivalent level of 

skill, knowledge, and experience.   

40. In my opinion, this POSITA would have been aware of and generally 

knowledgeable about how fuel injectors and the valves used within are structured 

and operate, and how they are used to deliver fuel to an engine’s combustion 

chambers.   

41. In my opinion, a POSITA would have had the same basic level of skill 

and background knowledge regardless of whether the’138 patent is entitled to an 

October 1999, March 2000, or May 2001 filing date. 

42. In view of my educational background (e.g., a M.S. in mechanical 

engineering and Ph.D. in aerospace engineering) and work experience in the fuel 

injector field, I am a person of more than the ordinary level of skill in the art of 

the ’138 patent.  In forming my opinion, I have drawn on my academic background 

and professional experiences.  My opinions herein, however, were formed taking 

into account the perspective of an ordinarily skilled artisan. 

VI. THE ’138 PATENT’S EFFECTIVE FILING DATE 

43. I understand that the application leading to the ’138 patent was filed on 

May 23, 2001.   
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44. Based on my review of the ’138 patent, I note that it both identifies 

itself as a continuation-in-part of a March 9, 2000 application, and makes reference 

to an October 15, 1999 provisional application.  

45. For purposes of this declaration, I have been instructed to use October 

15, 1999 as the effective filing date of the ’138 patent.  My opinions in this 

declaration were formed from the perspective of a POSITA as of October 15, 1999, 

including both the knowledge of a POSITA at that time as well as how a POSITA 

would have understood the prior art.  Nevertheless, the opinions I express in this 

declaration would be the same regardless of whether the ’138 patent has an October 

15, 1999, a March 9, 2000, or a May 23, 2001 effective filing date. 

VII. THE ’138 PATENT 

A. Overview 

46. The ’138 patent relates to fuel “injectors for internal combustion 

engines” that are “directly controllable” by a piezoelectric or magnetostrictive 

actuator.  (Ex. 1001, 1:16-20.)   

47. According to the patent, the injector also includes a “passive hydraulic 

link.”  (Id., 1:21.) 

48. The patent begins by discussing prior art fuel injectors. 
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49. Here, the patent explains that as of its filing, it was known to be 

beneficial to engage in “[d]irect injection.”  Direct injection entails injection directly 

into the combustion chamber of an internal combustion engine.  (Id., 1:23-40.)   

50. The patent explains that this type of injection—in contrast to indirect 

injection into the manifold and outside of the combustion chamber—is “desirable” 

because it improves engine performance and reduces emissions.  (Id.)   

51. The patent also explains that prior direct fuel injection systems that 

were “hydraulically actuated” or “use piezoelectric actuator[s]” were known and 

available.  (E.g., id., 2:13-17, 2:52-55.)   

52. The patent goes on, however, to identify certain purported problems 

with these known systems.   

53. For instance, hydraulically actuated systems require “additional 

hydraulic hardware,” which adds “increased bulkiness” and subjects the system to a 

“delayed response” and reduced “controllability of movement of the injection 

valve.”  (Id., 2:23-46.)   

54. Further, known piezoelectric actuators were purportedly only used to 

“operate a control valve, which in turn controls the flow of a hydraulic fluid to 

operate an injection valve” resulting in delayed injector operation and increased 

complication.  (Id., 2:52-64.)   
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55. After discussing these known fuel injectors, the ’138 patent proposes a 

“directly actuated” injector that does not include “an intermediate active hydraulic 

operator generating any actuating forces.”  (Id., 2:64-67.)   

56. The ’138 patent explains that its injector does include a “passive 

hydraulic link.”  (Id., 4:10-12, 34-38; 7:23-37.)   

57. The patent explains however, that in contrast to “[c]onventional active 

hydraulic operators,” the “passive hydraulic link” employed by its injector “merely 

transmits the actuating forces” or serves as a “load path” “but is not employed to 

generate an actuating force for actuating the valve.”  (Id.)   

58. The patent also notes that the “passive hydraulic link” provides a 

“further advantage” in that it “may be employed to correct for differential thermal 

expansion, wear and dimensional variability within permitted manufacturing and 

assembly tolerances.”  (Id., 7:57-60.)   

59. The link does this by “auto-adjusting itself in response to these effects 

by allowing movement of hydraulic fluid between opposite sides of [a] hydraulic 

piston” to “re-zero[] itself to ensure that a desired valve member lift is maintained.”  

(Id., 7:60-65.) 

60. The below annotated versions of Figures 1 and 2 of the ’138 patent 

provide an example of an “outwardly opening directly actuated fuel injection valve.”  

(Id., 8:61-63.)     
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(Id., Figs. 1-2 (annotated).)   

61. The elements of this injector have been annotated as follows: 

62. Teal: A “valve housing 102” and “[v]alve cap 104” that “provide a 

fluidly sealed valve body.”  (Id., 9:4-6.)   

63. Blue: A “fuel inlet 208,” as shown in Figure 2.  (Id., 13:34.)   

64. Orange: The injector interior that receives fuel from the inlet.  (Id., 9:4-

9.)   

65. Green:  A “valve member 114” located within the injector.  (Id., 9:23-

27.)  

66. Dashed blue outline: A “valve seat 112” that is contacted by one end 

of the valve member 114 to close the injector.  (Id., 9:23-27, 59-64.)   
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67. Red: A “valve spring 116” in the form of a “disc or washer spring” (or 

a “coil spring”) that “biases” the member 114 “in the closed position.”  (Id., 10:13-

19.)   

68. Purple: A “magnetostrictive actuator” including a member 130, bobbin 

131, coil 132, and flux tube 134 located within the housing.  (Id., 10:41-46.)   

69. Pink: “[H]ydraulic fluid 164b” of “a hydraulic link assembly.”  (Id., 

11:65-67; 14:16-22.)   

70. The patent also explains how the injector operates.  More particularly, 

to open the injector, current is applied to the actuator causing it to “grow[] in length.”  

(Id., 10:51-60.)   

71. This causes the actuator to push an intermediate “sliding pole 140” 

towards the “valve member 114 to provid[e] a force for opening injection valve 

100.”  (Id., 10:59-62.)  

72. “The opening force generated by the actuator assembly is transmitted 

to valve member 114 through” “hydraulic fluid 164b” of the “a hydraulic link 

assembly.”  (Id., 11:65-67; 14:16-22.)  During actuation, fluid “does not have time 

to flow” out of the space that contains it and fluid 164b thus “acts as a solid.”  (Id., 

14:26-40.)     

73. The patent also explains that the injector allows for “[a]uto-

adjustments” via “the migration of hydraulic fluid from chamber 164b on one side 
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of the hydraulic piston 114b to chamber 164a” (light pink) “on the other side” of 

the piston.  (Id., 15:14-25.)    

B. Prosecution History of the ’138 Patent 

74. As noted above, I have reviewed the ’138 patent’s prosecution history.   

75. The originally filed were rejected in a November 2002 office action as 

obvious over Kurishige (Ex. 1011).  (See Ex. 1002, pp. 123-125.)   

76. I have reviewed the Kurishige reference.  Fig. 1 of Kurishige is 

reproduced below: 

 

(Ex. 1011, Fig. 1.)   

77. To open the depicted injector, element 8 is actuated and expands.  This 

then forces piston 9 down.  The movement of piston 9 applies force to fluid in 

chamber 10, shown in the figure, which flows from the outer chamber 10, through 

holes 22, and into the narrower inner cylinder 18 causing piston 6 to move by an 
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amplified distance.  Needle 4, which is connected to the piston 6, then lifts and valve 

1 opens.  (Id., 5:45-67.)    

78. The applicant responded to the Examiner’s rejection in February 2003 

by noting that Kurishige is a “conventional ‘dynamic’ hydraulic system, which relies 

upon the flow of hydraulic fluid” from chamber 10 to the inner cylinder “to actuate 

a needle valve.”  (Ex. 1002, pp. 134, 136-37.)   

79. The applicant then argued that Kurishige is “structurally and 

functionally distinguished from the applicants’ ‘passive’ hydraulic link.  In a 

‘dynamic’ hydraulic system, the hydraulic fluid does not ‘act substantially as a solid 

with the thickness being substantially constant while the actuator assembly is 

actuated’, as recited in claim 1 … because the hydraulic fluid must flow from one 

chamber to another to cause needle movement.”  (Id.)  

80. The claims were allowed immediately after this response.  (See id., pp. 

166-168.). 

C. The ’138 Patent’s Claims 

81. For reference, claims 1-3, 6, 13-14, 17-21, 26-28, and 41 of the ’138 

patent are reproduced below: 

1. An injection valve for injecting fuel into a 

combustion chamber of an internal combustion engine, 

said injection valve comprising: 

(a) a valve housing comprising: 
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a fuel inlet port; 

an interior chamber fluidly connected to said fuel 

inlet port; and 

a valve seat for cooperating with a valve member to 

seal said interior chamber from said combustion 

chamber when said injection valve is closed; 

(b) said valve member having one end disposed within 

said valve housing and an opposite end extendable 

from said valve seat toward said combustion 

chamber, wherein said valve member comprises a 

sealing surface that fluidly seals against said valve 

seat when said injection valve is closed and that is 

liftable away from said valve seat when said 

injection valve is open; 

(c) a biasing mechanism associated with said valve 

member, said biasing mechanism applying a closing 

force to said valve member when said valve 

member is in said closed position; 

(d) an actuator assembly associated with said valve 

member, wherein said actuator assembly may be 

actuated to apply an opening force to said valve 

member stronger than said closing force, for 

moving said valve member to said open position; 

and 

Petitioner Ex. 1001, p. 22
                   Robert Bosch et al v. Westport

                    IPR2023-00293



 

-23- 

(e) a hydraulic link assembly comprising a passive 

hydraulic link having a hydraulic fluid thickness 

through which said opening and closing forces are 

transmitted, whereby said hydraulic fluid acts 

substantially as a solid with said thickness being 

substantially constant while said actuator assembly 

is actuated and wherein said thickness of said 

hydraulic link is adjustable while said actuator 

assembly is not actuated in response to changes in 

the dimensional relationship between components 

of said injection valve to maintain a desired valve 

lift upon actuation of said actuator assembly. 

2. The injection valve of claim 1 wherein said thickness 

of said hydraulic link is auto-adjustable while said actuator 

assembly is not actuated in response to changes in said 

dimensional relationship caused by differential thermal 

expansion. 

3. The injection valve of claim 2 wherein said thickness 

of said hydraulic link is auto-adjustable while said actuator 

assembly is not actuated in response to changes in said 

dimensional relationship caused by wear to components of 

said injection valve. 

6. The injection valve of claim 1 wherein said actuator 

assembly comprises a dimensionally responsive member. 
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13. The injection valve of claim 6 wherein said 

dimensionally responsive member is formed from a 

piezoelectric material. 

14. The injection valve of claim 6 further comprising a 

compression spring member for applying a compressive 

force to said dimensionally responsive member. 

17. The injection valve of claim 6 wherein said actuator 

assembly is controllable to maintain said desired lift 

between 10 and 100 percent of maximum lift. 

18. The injection valve of claim 17 wherein said lift is 

controllable by varying at least one of the electric current, 

the electric voltage and the magnetic field imposed upon 

said dimensionally responsive member. 

19. The injection valve of claim 6 wherein said valve 

member is controllable such that said valve member 

moves between said open and closed positions in less than 

about 200 microseconds. 

20. The injection valve of claim 6 further comprising a 

biasing mechanism for applying a compressive force to 

said dimensionally responsive member. 

21. The injection valve of claim 1 wherein said biasing 

mechanism comprises a spring. 
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26. The injection valve of claim 1 wherein said fuel is 

injected into said combustion chamber at a pressure 

greater than about 2000 psi (about 13.8 Mpa). 

27. The injection valve of claim 1 wherein said valve 

housing comprises a plurality of parts which are joined 

with each other to provide a fluidly sealed body. 

28. The injection valve of claim 1 wherein said valve 

housing, said valve member and said actuator assembly 

are selected from materials having thermal expansion 

coefficients sufficiently compatible such that changes in 

the dimensional relationship between said components 

caused by changes in temperature are reduced. 

41. A method of operating a fuel injection valve for an 

internal combustion engine, said injection valve having a 

longitudinal axis, said method comprising: 

(a) actuating a dimensionally responsive member 

comprising at least one of a magnetostrictive 

material and a piezoelectric material, said 

dimensionally responsive member expanding in 

length in the direction of said longitudinal axis upon 

actuation of said actuator; 

(b) transferring movement caused by said actuated 

dimensionally responsive member through a 

passive hydraulic link to cause a corresponding 

movement of a valve member to open said valve by 
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lifting said valve member away from a valve seat 

and compressing a biasing mechanism that biases 

said valve in a closed position, said passive 

hydraulic link comprising a hydraulic cylinder 

which houses a piston and is filled with a hydraulic 

fluid, wherein said hydraulic fluid forms a layer 

between said piston and a cylinder head and because 

of the short duration that said valve is open, said 

hydraulic fluid does not have time to flow from one 

side of said piston to the other side and while said 

injection valve is open, said layer of hydraulic fluid 

acts as an incompressible solid so that movement 

caused by the actuation of said dimensionally 

responsive member is transmitted through said fluid 

layer; 

(c) deactuating said dimensionally responsive member 

to contract the length of said dimensionally 

responsive member to unload said biasing 

mechanism and cause a corresponding movement of 

said valve member to close said valve; 

(d) providing sufficient time between consecutive 

valve openings to allow at least some of said 

hydraulic fluid within said passive hydraulic link to 

flow from one side of said piston to the other side 

of said piston. 
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VIII. CLAIM CONSTRUCTION 

82. I am not a legal expert or an attorney and offer no opinions on the law.  

I understand that claim construction is a matter of law.  I have been informed by 

counsel of the legal standards that apply to claim construction in an inter partes 

review, and I have applied them in forming my opinions.  I understand that during 

an inter partes review, however, the same claim construction standard used in 

federal district court is applied when addressing the meaning of claim terms. 

83. I have been informed that the words of a claim are generally given the 

ordinary and customary meaning that the term or phrase would have to a POSITA at 

the time of the invention in view of the surrounding claim language, the specification 

and the file history (collectively, the “intrinsic evidence” or “intrinsic record”). 

84. I also understand that courts may consider extrinsic evidence, such as 

expert and inventor testimony, dictionaries, and learned treatises (collectively, the 

“extrinsic evidence” or the “extrinsic record”), but that such extrinsic evidence 

should be given less weight than the intrinsic evidence. 

85. In my opinion, the terms of the ’138 patent’s claims do not require 

further construction and can be afforded their plain and ordinary meaning.   

86. I understand that Patent Owner has alleged that the claims cover a 

nozzle/needle injection valve that is controlled indirectly through a pilot valve.  This 

type of pilot valve may also be called a first-stage or indirect-acting valve.  A pilot 
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actuated nozzle injector valve is one where the pilot valve armature acted upon by 

the actuator does not itself open a fluid pathway into the combustion chamber but 

instead only opens the pilot valve that in turn triggers other components to open the 

injection pathway.  (See, e.g., Ex. 1022, p. 24 (pointing to an alleged “valve seat” 

and “valve member” that form an intermediate valve that does not open to the 

combustion chamber).)  Care must be taken in understanding the context when the 

term valve is used in this case. 

87. I disagree that the claims can be properly interpreted to extend to an 

indirectly actuated valve. 

88. First, it is contrary to the claim language itself. 

89. Claim 1 requires a “valve member” that “cooperat[es] with” a “valve 

seat” “to seal” an “interior chamber from [the] combustion chamber.”  (Ex. 1001, 

claim 1.)   

90. In my opinion, this shows that it is the valve member itself, and not 

some other structure, that operates to open and close/seal a fluid path from the 

injector’s “interior chamber” to the “combustion chamber.”   

91. Claim 1 also provides that the “valve member” has “one end disposed 

within said valve housing and an opposite end extendable from said valve seat 

toward said combustion chamber.”   
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92. This means that one end of the “valve member” must exist at a point 

inside of the housing and the other end must exist on the combustion chamber side 

of the nozzle valve seat.  Furthermore, the valve member opens the nozzle—

connecting the interior of the injector interior chamber to the combustion chamber—

by moving away from the nozzle valve seat, towards the combustion chamber.  It is 

not an intermediate valve located entirely inside and within the housing. 

93. In my opinion, the specification confirms that the ’138 patent’s claims 

require a directly actuated injector.   

94. In particular, the specification repeatedly and consistently characterizes 

the invention is a “directly actuated injector.”  (Id., 8:32-33; see also Abstract, 1:16-

21; 2:66-67; 16:37-39.)   

95. Moreover, the patent contrasts its directly actuated valve with prior art 

valves that are indirectly actuated.  (See, e.g., id., 2:52-3:7.)   

96. The ’138 patent is even entitled “Directly Actuated Injection Valve.”  

(Id., Cover.)  

IX. UNPATENTABILITY ANALYSIS 

97. For the reasons I explain in greater detail below, it is my opinion that 

as of the effective filing date of the ’138 patent, a POSITA would have considered 

claims 1-3, 6, 13-14, 17-21, 26-28, and 41 of the ’138 patent to be unpatentable as 

obvious over the prior art discussed in this declaration. 
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A. Overview of the Prior Art 

98. The following paragraphs provide an overview of the main prior art 

references I discuss throughout this declaration. 

1. Wirbeleit 

99. Wirbeleit indicates on its face that it issued January 2, 1996.  (Ex. 1004, 

Cover.)  In view of this date of issuance, which predates the ’138 patent’s filing by 

more than a year, I understand that Wirbeleit is prior art to the ’138 patent under at 

least 35 U.S.C. § 102(b).   

100. Wirbeleit is not cited on the face of the ’138 patent.  It also was not 

discussed or mentioned during the ’138 patent’s prosecution history.  

101. Wirbeleit relates to a “fuel injection system for a Diesel engine.”  (Id., 

1:45-46.)   

102. Wirbeleit’s injector has a “control needle” with fuel injection orifices 

that can be “exposed to a degree controllable … depending on engine operating 

parameters.”  (Id., 1:52-57.)  This allows for different, controllable amounts of fuel 

injection.  (See id.) 

103. Wirbeleit’s injector is shown in the below annotated figure: 

Petitioner Ex. 1001, p. 30
                   Robert Bosch et al v. Westport

                    IPR2023-00293



 

-31- 

 

(Id., Fig.)  The below paragraphs provide additional details regarding the depicted 

injector’s components. 

104. Teal: The injector’s outer “body 9.”  (Id., 2:31-35.)   

105. Green: A “control needle 5” and “piston 10.”  (Id., 2:35-39.) 

106. Blue: A “fuel admission passage 12” (Id.)   

107. Orange: A “pressure chamber 13,” grooves 18, and orifices 18a inside 

the injector through which fuel from the admission passage passes on its way out of 

the end of injector (circled blue) into the combustion chamber.  (Id.) 
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108. Red: A “spring 7” that forces the tip of a “control needle 5” (green) 

onto a “valve seat 8” to close the injector.  (Id.)   

109. Purple: A “piezo” or “magnetostrictive actuator 21.”  (Id., 2:60-65.)   

110. Pink: A “hydraulic transmission element 22” through which the force 

exerted by the actuator is passed to the control piston/needle for purposes of opening 

the injector.  (Id.)   

111. Again, Wirbeleit explains that the desired needle lift off the valve seat 

and the corresponding amount by which the needle’s orifices are exposed “is 

maintained by voltage control of the actuator 21.”  (Id., 3:1-7.) 

2. Klügl 

112. Klügl indicates on its face that it published September 10, 1998.  (See 

Ex. 1006, Cover.)  In view of this date of publication, which predates the ’138 

patent’s filing by more than a year, I understand that Klügl is prior art to the ’138 

patent under at least 35 U.S.C. § 102(b).  

113. Klügl is not cited on the face of the ’138 patent.  It also was not 

discussed or mentioned during the ’138 patent’s prosecution history.  

114. Klügl published in German.  Throughout this declaration I will refer to 

and cite to a certified translation (Ex. 1006) of Klügl. 
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115. Klügl related to a “power transmission device” to “transmit the 

movement of a piezoelectric actuator” for valve opening and closing in a fuel 

injector.  (Id., 1:7-12.)   

116. Klügl explains that a chamber of hydraulic fluid within this device not 

only transfers this opening force, but also allows the injector to adjust for the effects 

of “thermal expansion differences and gradual wear.”  (Id., 3:63-4:31.)  

117. Klügl’s injector is shown in the below annotated figure.  The central 

portion of the figure has been excerpted and expanded to the right to better show the 

chamber of hydraulic fluid: 

 

(Id., Fig. 1.)   
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118. The various injector components shown in this figure are discussed in 

more detail below: 

119. Teal: The injector includes an outer “housing 12” and “upper stop 13” 

that surround its components.  (Id., 1:47-51.)   

120. Green: A “drive piston 3”—along with connected “drive needle 32,” 

“ball 4,” and “shoulder ring 17”—are located within the injector.  (Id., 2:35-39, 50-

57.)   

121. Red: A “spring 15” forces the “drive piston 3” (green) upwards, 

allowing “spring 33” to force the “drive needle 32” and “ball 4” (both also green) 

upwards to close the injector.  (Id., 2:35-39, 50-57.)   

122. Dark purple: A “piezoelectric actuator 1” to which a signal can be 

applied causing it to expand for purposes of opening the injector.  (Id., 1:47-51.) 

123. Light purple: A “transmission module 2” that is pressed downward 

towards the piston 3 by the expanding actuator.  (Id., 3:23-33.)   

124. Dark pink: Force is transmitted from the actuator to the piston through 

incompressible hydraulic fluid “located in [a] pressure chamber 5.”  (Id., 3:26-29.)  

Klügl explains that during actuation, only “an insignificant amount” of hydraulic 

fluid flows out of chamber 5.  (Id., 4:11-22.)  But, during idle periods, hydraulic 

fluid can move from chamber 5 through “throttle 10” (an orifice) to chamber 7 (light 

pink) to “automatic[ally] adjust[]” for “thermal expansion differences and gradual 
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wear” and keep the “drive piston 3” in contact with “transmission module 2.”  (Id., 

3:50-4:33.)  The hydraulic fluid is completely captured and contained within the 

transmission module.  (See id.; Fig. 1.)  There is no external fluid source.  (See id.) 

125. When the injector is actuated, the piston’s ball 4 is moved off its seat 

causing the pressure in a “pressure chamber” to drop, an “injection needle” to open, 

and fuel to be injected.  (Id., 3:30-38.)     

3. Newcomb 

126. Newcomb indicates on its face that it issued August 18, 1981.  (See Ex. 

1014, Cover.)  In view of this date of issuance, which predates the ’138 patent’s 

filing by more than a year, I understand that Newcomb is prior art to the ’138 patent 

under at least 35 U.S.C. § 102(b). 

127. Newcomb is not cited on the face of the ’138 patent.  It also was not 

discussed or mentioned during the ’138 patent’s prosecution history.  

128. Newcomb relates to a “control valve such as a … fuel injection valve 

for controlling flow of a medium.”  (Id., 1:5-7.)   

129. Newcomb explains that the materials used to make such a valve should 

be chosen such that the materials’ coefficients of thermal expansion are selected so 

as to “enable[] the effects of thermal expansion to be reduced….”  (Id., 1:45-49.) 
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4. Hayes 

130. Hayes indicates on its face that it issued July 14, 1998.  (See Ex. 1024, 

Cover.)  In view of this date of issuance, which predates the ’138 patent’s filing by 

more than a year, I understand that Hayes is prior art to the ’138 patent under at least 

35 U.S.C. § 102(b). 

131. While Hayes is listed on the face of the ’138 patent, it was not discussed 

or mentioned by the examiner during the ’138 patent’s prosecution history.  

132. Hayes relates to an indirectly actuated fuel injector.  (Id., 1:7-9.)  This 

is an injector where the nozzle needle valve is indirectly controlled by a pilot valve.    

133. Hayes explains that such an injector includes an intermediate “control 

valve 1” sealed by a ball-shaped “component 12.”  (Id., 2:7-15, 30-33.)   

134. Activating the actuator of the injector opens this control valve.  (Id., 

3:24-45.)   

135. Hayes also explains how this in turn opens a valve into the combustion 

chamber.   

136. In particular, opening the intermediate control valve lowers the pressure 

in a “chamber 5,” which causes a separate “valve needle 3” to lift and open a passage 

into combustion chamber.  (Id., 3:53-63.)  Fuel supplied by a “feeding line 22 which 

feeds the fuel at high pressure,” is then injected through the passage opened by the 

needle.  (Id., 2:45-48, 3:53-63.)   
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137. Figure 1 of Hayes shows these various components: 

 

(Id., Fig. 1.) 

B. Ground 1: Claims 1-3, 6, 13-14, 17-21, 26-27, and 41 Are Obvious 

Over Wirbeleit and Klügl 

138. In my opinion, a POSITA would have considered Wirbeleit and Klügl 

to be within the scope of the prior art and highly relevant to the patentability of 

the ’138 patent’s claims. 

139. In my opinion, moreover, when viewed and considered in light of the 

knowledge possessed by a POSITA, Wirbeleit and Klügl together disclose all the 
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limitations of and render claims 1-3, 6, 13-14, 17-21, 26-27, and 41 of the ’138 patent 

obvious.  

140. In addition, not only would a POSITA have been motived to combine 

and collectively consider the teachings of these references to arrive at the subject 

matter claimed by the ’138 patent, but they would have had a reasonable expectation 

of success when doing so. 

1. Claim-By-Claim Analysis 

a. Claim 1 

[1-p] “An injection valve for injecting fuel into a combustion chamber of an internal 

combustion engine, said injection valve comprising:” 

141. In my opinion, to the extent the preamble is limiting, Wirbeleit teaches 

the claimed “injection valve.”   

142. Wirbeleit explains that it relates to a “fuel injection system for a Diesel 

engine….”  (Ex. 1004, 1:7-8.)   

143. Wirbeleit’s fuel injection system includes “valve-controlled injectors 

[for] the injection of fuel under the control of an electronic control unit.”  (Id., 1:8-

12.)   

144. Wirbeleit also explains that its injector valve is meant for use with 

“direct-injection Diesel engines.”  (Id., 1:30-37.)   
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145. As of the filing of the ’138 patent, a POSITA would have understood 

that a “direct-injection” engine is one in which fuel is injected directly into an 

engine’s combustion chamber, and not indirectly into the engine manifold. 

146.  Showing this, numerous prior art references explain that this is what 

“direct” injection entails.   

147. For instance, a “direct cylinder injection system” was known to be one 

in which “the fuel injector is mounted in the cylinder block and sprays … into the 

cylinder bore” (See Ex. 1007, 2:7-10.)   

148. Similarly, in contrast to an “indirect injection” system that injects fuel 

into the manifold, a “direct injection system[]” “inject[s] fuel directly into the 

combustion chamber.”  (Ex. 1008, 1:16-24.) 

[1(a)] “(a) a valve housing comprising:” 

149. In my opinion, Wirbeleit includes the claimed “valve housing.”  

150. Wirbeleit explains that its “injector” includes an “injector body 9” that 

surrounds and contains the other injector components.  (Ex. 1004, 2:31-35.)   

151. Body 9 of Wirbeleit’s injector has been highlighted in teal in the 

figure below.  Note that this figure (which is Wirbeleit’s only figure) has been 

cropped throughout this declaration to better focus on the depicted injector:  
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(Id., Fig. (annotated).) 

[1(a)-1] “a fuel inlet port;” 

152. In my opinion, Wirbeleit includes the claimed “fuel inlet port.”   

153. Wirbeleit’s “fuel inject[or]” includes “a fuel injection conduit structure 

with a common supply conduit 3 for all injectors.”  (Ex. 1004, 2:27-30.)   

154. A “fuel admission passage 12” in “communication with the common 

supply conduit 3” allows fuel to enter the injector.  (Id., 2:35-40.)   

155. Wirbeleit’s fuel admission passage 12 is highlighted below in blue: 

Petitioner Ex. 1001, p. 40
                   Robert Bosch et al v. Westport

                    IPR2023-00293



 

-41- 

 
(Id., Fig. (annotated).) 

[1(a)-2] “an interior chamber fluidly connected to said fuel inlet port; and” 

156. In my opinion, Wirbeleit includes the claimed “interior chamber.” 

157. Wirbeleit explains that its injector includes a “slot orifice 4” within its 

injector body that contains “an injector orifice control needle 5.”  (Ex. 1004, 2:31-

32.)   

158. Wirbeleit also explains its needle “delimit[s] a pressure chamber 13 

which is in communication with the common supply conduit 3 by way of [the] fuel 

admission passage 12.”  (Id., 2:35-40.)  This pressure chamber 13 is connected to 

grooves 18 and orifices 18a within the needle through which fuel can flow to exit 

the injector.  (See id.)   

159. In my opinion, these spaces within Wirbeleit’s injector—including the 

chamber 13, grooves 18, and orifices 18a—are the claimed “interior chamber.”  

Further, fuel flows from the admission passage 12 to these spaces as required.   
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160. The spaces are highlighted below in orange:  

 
(Id., Fig. (annotated).) 

1(a)-3] “a valve seat for cooperating with a valve member to seal said interior chamber 

from said combustion chamber when said injection valve is closed;” 

[1-b] “(b) said valve member having one end disposed within said valve housing and 

an opposite end extendable from said valve seat toward said combustion chamber, 

wherein said valve member comprises a sealing surface that fluidly seals against said 

valve seat when said injection valve is closed and that is liftable away from said valve 

seat when said injection valve is open;” 

161. In my opinion, Wirbeleit also includes the claimed “valve seat” and 

“valve member.”   

162. Wirbeleit’s injector includes “an injector orifice control needle 5” 

within its “injector body 9.”  (Ex. 1004, 2:31-32; see also Abstract, 1:48-49.)   

163. Wirbeleit’s needle 5 includes a “piston-like needle tip 11” with a “collar 

16 which is disposed outside the injector body 9….”  (Id., 2:35-37, 40-45.)  The 

“rear side 17” of the “collar 16” “forms the valve seating surface.”  (Id., 2:43-45.) 
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To close the injector, the rear side 17 of collar 16 is “forced onto the valve seat 8 on 

the injector body 9.”  (Id., 2:31-35; see also Abstract, 1:48-52.)   

164. Because it includes an end (tip 11 with collar 16 and rear side 17) that 

corporates with a valve seating surface to seal the injector, Wirbeleit includes the 

claimed “valve member” that “cooperat[es] … to seal” with a “valve seat.”   

165. Wirbeleit’s valve member is highlighted green below.  The valve seat 

is circled: 

 
(Id., Fig. (annotated).) 

166. Wirbeleit’s needle is also, in my opinion, “extendable from said valve 

seat toward said combustion chamber,” and can both “fluidly seal[] against said 

valve seat” to close Wirbeleit’s injector, and “lift[] away from said valve seat” to 

open the injector as claimed.  
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167. In this regard, Wirbeleit explains that its “control needle 5” is both 

“movable outwardly for opening the orifice” to facilitate fuel injection, and can be 

“forced onto the valve seat 8 on the injector body 9” to close the valve and stop 

injection.  (Ex. 1004, 2:31-35.)   

168. Similarly, according to Wirbeleit, its needle moves between a position 

where the needle’s “slot-shaped orifices” are “fully covered when the control needle 

is seated” to another position where the orifices are “exposed”  (Id., Abstract; 1:52-

58 (likewise explaining that the needle’s “slot-shaped orifices … are fully covered 

when the control needle is seated but which are exposed” by moving the needle); 

3:5-11 (again explaining that the needle moves from one position where “[a]n 

appropriate injector slot orifice cross-section 18a … is maintained” and a “rest 

position in which the needle tip 11 is seated on valve seat 8”).)   

169. Movement of Wirbeleit’s needle between closed and open positions is 

shown in the below demonstrative prepared using Wirbeleit’s figure.   

170. Closed position: In the figure on the left, Wirbeleit’s needle is forced 

against the valve seat at the end of the injector body closing the injector.  This is the 

closed position.   

171. Open position: In the figure on the right, Wirbeleit’s needle has moved 

out of the injector body and off the valve seat exposing the slot orifices and allowing 

fuel (shown in yellow) to be injected.  This is the open position: 
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(See Ex. 1004; Fig.)   

172. Further, as noted above, the “lift position” of Wirbeleit’s needle can 

both be controlled by an “electronic control unit” and measured using a “needle lift 

sensor.”  (Id., 2:4-10.) 

[1(c)] “(c) a biasing mechanism associated with said valve member, said biasing 

mechanism applying a closing force to said valve member when said valve member is 

in said closed position;” 

173. In my opinion, Wirbeleit includes the claimed “biasing mechanism.”   

174. Wirbeleit explains that its injector includes a “return spring 7 disposed 

in [a] spring chamber 6.”  (Ex. 1004, 2:35-36.)   

175. According to Wirbeleit, this spring “force[s]” the “injector orifice 

control needle 5 … onto the valve seat 8 on the injector body 9” to close the valve.  

(Id., 2:31-36.)  Similarly, Wirbeleit explains that its “injectors” have “fuel injection 

control needle engaged by springs so as to be normally seated on a valve seat.”  (Id., 

Abstract.)  Likewise, “the orifice control needle is returned by the return spring 7 to 
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a rest position in which the needle tip 11 is seated on the valve seat 8.”  (Id., 3:7-11; 

see also 1:48-50.)  

176. Wirbeleit’s spring 7 is shown in red below: 

 
(Id., Fig. (annotated).) 

[1(d)] “(d) an actuator assembly associated with said valve member, wherein said 

actuator assembly may be actuated to apply an opening force to said valve member 

stronger than said closing force, for moving said valve member to said open position; 

and” 

177. In my opinion, Wirbeleit’s injector includes the claimed “actuator 

assembly.”   

178. More particularly, Wirbeleit’s injector includes a “magnetostrictive 

actuator 21”—or alternatively a “piezo actuator” —that is located “[a]t the rear end 

of the orifice control needle 5 opposite its tip 11….”  (Ex. 1004, 2:60-64.)   

179. Additionally, the “[o]pening of the slot-injection orifices can be 

controlled by energizing [the] piezo actuator which acts on the injector needle … 
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against a compression spring with a voltage-dependent force.”  (Id., 2:1-4; see also 

Abstract; 1:50-52.) 

180. Wirbeleit’s actuator is highlighted in purple below: 

 
(Id., Fig. (annotated).) 

[1(e)] “(e) a hydraulic link assembly comprising a passive hydraulic link having a 

hydraulic fluid thickness through which said opening and closing forces are 

transmitted, whereby said hydraulic fluid acts substantially as a solid with said 

thickness being substantially constant while said actuator assembly is actuated and 

wherein said thickness of said hydraulic link is adjustable while said actuator assembly 

is not actuated in response to changes in the dimensional relationship between 

components of said injection valve to maintain a desired valve lift upon actuation of 

said actuator assembly” 

181. In my opinion, the combination of Wirbeleit and Klügl teach everything 

this particular claim limitation requires. 

182. As an initial matter, a POSITA would consider Wirbeleit’s injector to 

already employ a “hydraulic link assembly” “through which … opening and 

closing forces are transmitted.”   
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183. Wirbeleit explains that its “magnetostrictive actuator 21 … operates the 

orifice control needle 5 by way of a hydraulic transmission element 22….”  (Ex. 

1004, 2:60-64.).  

184. Likewise, according to Wirbeleit either a “magnetostrictive actuator” 

or “a piezo actuator” can “act[] on the injector needle by way of a hydraulic 

transmission element against a compression spring….” (Id., 2:1-3, 2:61.)   

185. This hydraulic transmission element is the claimed hydraulic link.   

186. According to Wirbeleit, during valve opening, force is exerted by the 

actuator and imparted through the hydraulic transmission element to the needle.  In 

contrast, during valve closing, force is exerted from the spring, to the needle, and 

back through the hydraulic transmission element until a rest position is reached.  (See 

id.; see also 3:5-11.)   

187. Moreover, a POSITA would, in my opinion, understand this hydraulic 

link to be “passive” as required.  There are two primary reasons for this.   

188. First, Wirbeleit characterizes its “hydraulic transmission element” as a 

simple force pathway through which force from the actuator passes to the needle.  

(Id., 2:1-3.)  The hydraulic transmission element does not generate or amplify the 

force.   

Petitioner Ex. 1001, p. 48
                   Robert Bosch et al v. Westport

                    IPR2023-00293



 

-49- 

189. Second, the “hydraulic transmission element” is located in an enclosed 

cylindrical space between the actuator and needle.  It has nowhere to flow during 

actuation and thus can only serve to passively transmit force.  (See id., see also Fig.)  

190. Wirbeleit’s hydraulic transmission element highlighted below in pink: 

 
(Id., Fig.) 

191. Next, in my opinion, a POSITA would have considered the remainder 

of what this limitation requires obvious in view of the teachings of Klügl.   

192. Klügl relates to a device that can be used in an “automotive” fuel 

injector “to transmit the movement of a piezoelectric actuator to an actuator … in an 

injection valve.”  (Ex. 1006, 1:7-12.)   

193. Like Wirbeleit’s injector, Klügl’s injector has an outer “housing 12” 

surrounding its various components.  (Id., 1:47-51.)   

194. A “piezoelectric actuator 1” is located within this housing.  (Id.)  
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195. A “transmission module 2” is located between the actuator 1 and the 

“drive piston 3.”  (Id., 1:48-51; 2:23-41; Fig. 1.)   

196. The drive piston 3 is attached to control needle 32 and in contact with 

ball 4, which Klügl also calls a “closing element 4.”  The ball/closing element 4 

forms a “servo valve” that “is used to control an injection needle.”  (Id., 2:50-57.)   

197. A “spring 15” exerts an upward force on the drive piston 3 via the 

attached check ring 17 to close the valve.  (Id., 2:35-44.)  

198. The transmission module 2 includes a “pressure chamber 5” filled with 

“transmission medium” such as “a hydraulic fluid, which has low compressibility.”  

(Id., 1:60-2:4.) The transmission module also includes a “throttl[e]” (orifice) or 

“connecting bore 10” that connects the “pressure chamber 5 to a compensating 

chamber 7.”  (Id.) The compensating chamber 7 is filled with the same transmission 

medium as the pressure chamber 5.  (Id.)  The transmission medium/hydraulic fluid 

is completely captured and contained within the transmission module.  (See id.; Fig. 

1.)  As such, there is no external fluid source.  (See id.) 

199. These components are shown in the below annotated version of Fig. 1.  

The region of Fig. 1 showing chamber 5 has also been excerpted and expanded in 

size to the right for emphasis purposes: 
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(Id., Fig. 1 (annotated).) 

200. The same coloring scheme used when comparing Wirbeleit to claim 1 

has been employed.  More particularly: 

201. Teal: Housing 12 (Klügl’s “valve housing”). 

202. Dark and light purple: The piezoelectric actuator 1 and transmission 

module 2 (Klügl’s “actuator assembly”).  

203. Green:  The drive piston, needle, and ball (Klügl’s “valve member”).   

204. Red: The valve-closing spring (Klügl’s “biasing mechanism”).   

205. Dark pink: The pressure chamber 5 (Klügl’s “hydraulic link”)  

206. Light pink: Throttle 10 and compensation chamber 7.   

207. During valve opening, when the “piezoelectric actuator 1 is … 

controlled” (energized) by application of an appropriate signal, the actuator expands 
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causing “pressure” to be “exerted on the drive piston 3 via … the transmission 

medium located in the pressure chamber 5….”  (Id., 3:23-29.)   

208. In the embodiment shown in Klügl’s Figure 1, the movement of the 

actuator results in the same amount of movement of the piston without amplification.  

In other words, there is no change in the “stroke translation.”  (Id., Fig. 1; 1:41-42, 

3:23-29.)  As the fluid in chamber 5 is held in place by a membrane 6 and moves 

through a cylindrical space of constant width and unchanging shape, the thickness 

of the fluid in chamber 5 will remain constant throughout actuation.  (See id.)   

209. Showing this, Klügl itself explains that in opposition to its Figure 3, the 

injector of Figure 1 does not “achieve[] a stroke ratio between defection of the 

piezoelectric actuator 1 and the deflection of the drive piston 3.” (Id., 7:12-13.)  

210. Klügl contrasts this with the embodiment show in Figure 3, which does 

provide a change in “stroke translation” by applying a “stroke ratio” such that the 

movement of the piston exceeds that of the actuator.  (Id., 1:41-46; 7:12-13.)  This 

occurs because the dimensions of chamber 5 change during actuation in that 

particular figure’s embodiment.  (See id., Fig. 3.) 

211. Klügl also explains that in the embodiment shown in Fig. 1, the 

chamber 5 is filled with hydraulic fluid of “low compressibility.”  (Id., 2:1-2.)  

Additionally, while the transmission module includes a “throttle 10” that connects 

chamber 5 to chamber 7, this throttle is “dimensioned in relation to the transmission 
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medium such that during normal activation” “only an insignificant amount of 

transmission medium flows into the compensation chamber.”   (Id., 4:11-22.)   

212. It follows that the hydraulic fluid in chamber 5 will not flow, will 

maintain substantially the same thickness, and will act substantially as a solid during 

actuation.  The fluid is unable to leave chamber 5 during actuation (it cannot flow 

through throttle 10 and is held in place by a membrane 6).  It is incompressible (so 

it will not change volume upon application of pressure).  As a result, during the 

actuation, the distance between the actuator and piston remains constant (so as to 

ensure that there is a unity stroke ratio). 

213. As a further clarification, I have prepared the below demonstrative.  The 

figures on the top represent Klügl’s injector from Figure 1.  The figures on the 

bottom represent Klügl’s injector from Figure 3. The actuator is shown in purple.  

The intermediate hydraulic fluid is shown in pink.  The control piston (which pushes 

on the needle) is shown in green.   

Petitioner Ex. 1001, p. 53
                   Robert Bosch et al v. Westport

                    IPR2023-00293



 

-54- 

 

214. As shown in the top figures, when the actuator is expanded, the control 

piston moves by a distance equal to the amount of actuator expansion.  Because the 

hydraulic fluid is incompressible and located in a cylindrical space, its thickness 

stays the same.  Again, this is representative of Klügl’s Figure 1 and is what the ’138 

patent’s claims require. 

215. But, when the actuator in the bottom set of figures expands, the 

hydraulic fluid is pushed from a cylinder of larger diameter into a cylinder of smaller 

diameter.  While the volume of the fluid stays constant (as it is incompressible), its 

thickness changes (as it is now contained in a differently shaped space).  This causes 
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the needle to be moved by a distance greater than the expansion of the actuator.  

Again, this is representative of Klügl’s Figure 3 and is what Klügl means when it 

refers to a “stroke ratio” or “stroke translation.”  In the bottom figure here the 

actuator to control piston stroke ratio is 1:2. 

216. In addition to teaching a passive hydraulic link that acts as a solid with 

constant thickness during actuation (i.e., the fluid in chamber 5 of Figure 1), Klügl 

also explains that “if there are long-lasting pressure differences between the pressure 

chamber 5 and the compensation chamber 7 … the transmission medium is 

exchanged between the compensation chamber 7 and the pressure chamber 5 via the 

throttle 10.”  (Id., 4:25-31.)  

217. According to Klügl, this allows its injector to account for “thermal 

expansion differences and gradual wear” and ensures that the “drive piston 3” 

remains in contact with the transmission module.  (Id., 3:50-4:31.) 

218. Again, Wirbeleit already employs a hydraulic transmission element 22 

to transfer the movement of its actuator 21 to its needle 5 through piston 10.  As I 

have explained, this element is passive in that it simply transfers force instead of 

generating it. 

219. Wirbeleit explains that this element 22 “is not shown in detail.”  (Ex. 

1004, 2:64.)  As discussed above, however, Klügl discusses how such a hydraulic 

element should be structured and operate.   
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220. In Klügl, as in Wirbeleit, force from an actuator passes through the 

hydraulic fluid in chamber 5 to the piston 3 for purposes of opening a valve during 

actuation.  As I have explained, in Figure 1, the fluid in the chamber 5 simply 

transmits the actuator force.  It does not generate force or engage in amplification. 

221. Further, Klügl explains that fluid does not flow into or out of chamber 

5 during actuation.  Thus, in my opinion this chamber and the fluid it contains, just 

like Wirbeleit’s hydraulic transmission element 22, is the claimed “passive 

hydraulic link” that acts as a “solid.”   

222. As I have noted, Klügl states that the fluid in chamber 5 has a low 

compressibility.  And, as I have also explained, in the embodiment of Figure 1, no 

stroke amplification or change in translation distance occurs and chamber 5 does not 

change dimension during actuation.  As a result, its “thickness” is “substantially 

constant” 

223. Finally, Klügl explains that fluid can flow between chambers 5 and 7 

through the throttle 10 during times of rest to account for thermal expansion or wear 

so as to ensure that the various components (such as the piston 3 and transmission 

module 2) remain in contact.  Thus, in my opinion, its “thickness … is adjustable 

while said actuator is not activated in response to changes in the dimensional 

relationship between components.”   
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224. Further, Wirbeleit’s system is meant to facilitate control of the amount 

of “needle lift.” (Ex. 1004, 2:1-12) 

225. Because Klügl’s transmission module 2 is designed to keep the 

injector’s components in contact, a POSITA would have understood that when 

applied to Wirbeleit, Klügl’s transmission module 2 would maintain the intended 

needle lift or position range despite wear and thermal expansion.  Thus, my opinion, 

the references teach the maintenance of the claimed “desired valve lift upon 

activation.”   

226. An example application of Klügl to Wirbeleit—with Wirbeleit’s 

hydraulic transmission element 22 replaced with Klügl’s transmission module—is 

shown in the demonstrative below: 
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b. Claim 2 

227. Claim 2 depends on claim 1 and further requires: 

“wherein said thickness of said hydraulic link is auto-adjustable while said actuator 

assembly is not actuated in response to changes in said dimensional relationship caused 

by differential thermal expansion.” 

228. As explained above, Wirbeleit and Klügl teach everything claim 1 

requires. 

229. In my opinion, Klügl teaches the claimed “auto-adjustable” 

“hydraulic link.”   

230. In particular, Klügl explains that when its actuator is “in the rest 

position,” “if there are long-lasting pressure differences between the pressure 

chamber 5 and the compensation chamber 7, … transmission medium is exchanged 

between the compensation chamber 7 and the pressure chamber 5 via the throttle 

10.”  (Ex. 1006, 3:50-4:31.)   

231. According to Klügl, this “automatic adjustment” accounts for the 

effects of “thermal expansion differences and gradual wear” of its components and 

ensures that the “drive piston 3” remains in contact with the “transmission module 

2” even if temperature changes or wear cause size changes.  (Id., 3:52-62; 4:25-31.) 

c. Claim 3 

232. Claim 3 depends on claim 2 and further requires: 

“wherein said thickness of said hydraulic link is auto-adjustable while said actuator 

assembly is not actuated in response to changes in said dimensional relationship caused 

by wear to components of said injection valve.” 
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233. As explained above, Wirbeleit and Klügl teach everything claim 2 

requires. 

234. In my opinion, Klügl teaches the additional limitation of claim 3 for the 

same reasons discussed in connection with claim 2: its transmission module 2 allows 

for fluid flow between chambers 5 and 7 during injector idle periods to account for 

not only thermal expansion, but also component wear. 

d. Claim 6 

235. Claim 6 depends on claim 1 and further requires: 

“wherein said actuator assembly comprises a dimensionally responsive member.” 

236. As explained above, Wirbeleit and Klügl teach everything claim 1 

requires. 

237. In my opinion, Wirbeleit teaches the additional limitation of claim 6.   

238. In particular, Wirbeleit’s injector includes either a “magnetostrictive 

actuator 21” or “piezo actuator” that expands in length (i.e., is dimensionally 

responsive) to open or close the injector.  (Ex. 1004, 2:60-64; see also 2:1-4, 13-17.) 

e. Claim 13 

239. Claim 13 depends on claim 6 and further requires: 

“wherein said dimensionally responsive member is formed from a piezoelectric 

material.” 

240. As explained above, Wirbeleit and Klügl teach everything claim 6 

requires. 
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241. In my opinion, Wirbeleit teaches the additional limitation of claim 13: 

Wirbeleit includes a piezoelectric actuator 21.  (Ex. 1004, 2:60-65; see also 2:1-4, 

13-17.)   

f. Claim 14 

242. Claim 14 depends on claim 6 and further requires: 

“a compression spring member for applying a compressive force to said dimensionally 

responsive member.” 

243. As explained above, Wirbeleit and Klügl teach everything claim 6 

requires. 

244. In my opinion, the “compressing spring member” required by claim 

14 is taught by Klügl.   

245. In particular, Klügl’s injector includes a “disk spring 14” that allows 

the piezoelectric actuator 1 to be “pre-stress[ed] against” the valve housing 12 via 

the “transmission module 2.”  (Ex. 1006, 2:11-21; 3:16-19.)   

246. This disk spring 14 is highlighted in yellow below: 
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(Id., Fig. 1 (annotated).) 

247. In my opinion, a POSITA would have considered it obvious to use this 

disk spring 14 along with Klügl’s transmission module 2 as it will maintain contact 

between the transmission module 2 and the actuator 1, and improve the injector’s 

performance by pre-stressing the actuator. 

g. Claim 17 

248. Claim 17 depends on claim 6 and further requires: 

“wherein when said actuator assembly is controllable to maintain said desired lift 

between 10 and 100 percent of maximum lift.” 

249. As explained above, Wirbeleit and Klügl teach everything claim 6 

requires. 

250. In my opinion, Wirbeleit teaches the additional limitation of claim 17.   
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251. Wirbeleit explains that the “[o]pening of the slot-injection orifices can 

be controlled by energizing a piezo actuator which acts on the injector needle by way 

of a hydraulic transmission element…”  (Ex. 1004, 2:1-3.)   

252. The “desired injector orifice cross-section can be obtained by way of 

voltage control of the piezo actuator” which enables a variable and controllable 

“momentary lift position of the orifice needle.”  (Id., 2:4-12.)  Similarly, Wirbeleit 

explains that “[a]n appropriate slot orifice cross-section” can be “maintained by way 

of voltage control of the actuator.”  (Id., 3:5-6.) 

253. This means that in Wirbeleit, different, controllable amounts of needle 

lift are employed so as to allow “the injection orifice cross-section of the injector” 

to be “variable and … controlled depending on the requirements” for “engine 

performance…”  (Id., 1:59-63; see also 3:13-14.) 

254. Wirbeleit does not specifically reference adjustment of its valve needle 

lift by an amount “between 10 and 100 percent of maximum lift.”  

255. Regardless, as I explain above, Wirbeleit does teach a valve needle that 

allows for a controllable amount of lift that is achieved by supplying the actuator 

with a specific voltage.   

256. In my opinion, a POSITA would consider it highly obvious to control 

the lift of Wirbeleit’s needle across this claimed range.  Wirbeleit already allows for 

100% lift (the position providing fully open orifices).  And, it also allows for variable 
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lift less than 100%, which a POSITA would have recognized obviously includes 

10% lift (the position providing mostly closed injection orifices).  Allowing for a 

particular range of needle lift control—such as 10% to 100%—would have been 

considered nothing more than a routine design choice that could be achieved by 

simply supplying the actuator with the correct signal needed to achieve a desired lift. 

257. In my opinion, the fact that the ’138 patent identifies no importance or 

significance to the use of a range of “10 to 100 percent of maximum lift” confirms 

that this range would have been considered obvious by a POSITA and amounts to 

be a routine, obvious design choice.   

258. Rather than identifying anything important about the claimed range, 

the ’138 patent notes that its actuator is meant to “provide for” a degree of “partial 

lifting.”  (Ex. 1001, 8:19-21.)   

259. This is exactly what Wirbeleit’s injector does: it allows for either full 

or partial needle lift, as desired.  

h. Claim 18 

260. Claim 18 depends on claim 17 and further requires: 

“wherein said lift is controllable by varying at least one of the electric current, the 

electric voltage and the magnetic field imposed upon said dimensionally responsive 

member.” 

261. As explained above, Wirbeleit and Klügl teach everything claim 17 

requires. 
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262. The additional limitation of claim 18 is taught by Wirbeleit. 

263. In particular, Wirbeleit explains that its needle “lift position” and the 

corresponding “[o]pening of the slot-injection orifices can be controlled by 

energizing a piezo actuator which acts on the injector needle … with a voltage-

dependent force.”  (Ex. 1004, 2:1-4; see also 2:10-12; 3:1-7.) 

i. Claim 19 

264. Claim 19 depends on claim 6 and further requires: 

“wherein said valve member is controllable such that said valve member moves 

between said open and closed positions in less than about 200 microseconds.” 

265. As explained above, Wirbeleit and Klügl teach everything claim 6 

requires. 

266. In my opinion, the additional limitation of claim 19 is taught by 

Wirbeleit and Klügl.   

267. Wirbeleit explains that its valve “injection time is adjustable depending 

on engine operating parameters.”  (Ex. 1004, 3:15-16.)   

268. Klügl provides an example of standard injection times known at the 

time the ’138 patent was filed. 

269. In particular, according to Klügl the “actuation times” of an injection 

valve should be “in the range of milliseconds, preferably between 0 ms and 10 ms.  

Rapid actuation times are 0.1 to 1 ms” (or 100 to 1000 microseconds).  (Ex. 1006, 

4:22-24.)   
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j. Claim 20 

270. Claim 20 depends on claim 6 and further requires: 

“a biasing mechanism for applying a compressive force to said dimensionally 

responsive member.” 

271. As explained above, Wirbeleit and Klügl teach everything claim 6 

requires. 

272. In my opinion, the additional limitation of claim 20 is taught by Klügl 

for the same reasons discussed for claim 14: Klügl includes a disk spring 14 that 

applies a pre-loading force to its piezoelectric actuator 1.  (See supra Section 

IX.B.1.f.) 

k. Claim 21 

273. Claim 21 depends on claim 1 and further requires: 

“wherein said biasing mechanism comprises a spring.” 

274. As explained above, Wirbeleit and Klügl teach everything claim 1 

requires. 

275. In my opinion, the additional limitation of claim 21 is taught by 

Wirbeleit for the same reasons discussed for claim 1: Wirbeleit’s injector includes a 

return spring 7 that applies force to close the injector.  (See supra Section 

IX.B.1.a.[1(c)].) 

l. Claim 26 

276. Claim 26 depends on claim 1 and further requires: 
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“wherein said fuel is injected into said combustion chamber at a pressure greater than 

about 2000 psi (about 13.8 Mpa).” 

277. As explained above, Wirbeleit and Klügl teach everything claim 1 

requires. 

278. In my opinion, a POSITA would have considered the additional 

limitation of claim 26 obvious in view of Wirbeleit. 

279. Wirbeleit states that its injection valve is meant for use with a “high 

pressure” fuel injection system.  (Ex. 1004, 2:27-30.)   

280. As of the ’138 patent’s filing, it was well known that “high pressure” 

fuel injection systems were able to inject fuel at pressures well in excess of 2000 psi. 

281. For instance, it was known that injection pressure should vary with 

engine speed, from a “relatively low pressure … of approximately 2000 psi” at 

lower/idle speed and load, to pressures as high as 15,000 psi at higher engine 

speeds/loads.  (E.g., Ex. 1012, 5:48-52, 7:1-14; see also Ex. 1013, 11:25-31 

(referencing injection pressures up to 1550.9 bar, or approximately 22,000 psi).) 

m. Claim 27 

282. Claim 27 depends on claim 1 and further requires: 

“wherein said valve housing comprises a plurality of parts which are joined with each 

other to provide a fluidly sealed body.” 

283. As explained above, Wirbeleit and Klügl teach everything claim 1 

requires. 
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284. In my opinion, both Wirbeleit and Klügl teach sealed valve housings 

with a “plurality” of “joined” “parts.”   

285. As shown in Wirbeleit’s figure, Wirbeleit’s “injector body 9” includes 

an upper and lower piece that together form an interior, sealed “slot orifice 4” and 

“fuel admission passage.”  (See Ex. 1004, 2:31-39; Fig.)   

286. Klügl’s injector also has a multi-part structure.  In particular, the 

injector includes an “upper stop 13 [that] is connected to the housing 12 via a screw 

thread 40.”  (Ex. 1006, 1:57-60; Fig. 1.) 

287. This was a very common fuel injector design when the ‘138 patent was 

filed.  Fuel injectors routinely included housings formed from multiple parts.  This 

renders the injectors less costly to manufacture and easier to assemble (forming the 

housing from one piece, in contrast, would make it very difficult to make and install 

the various required injector components within that housing). 

n. Claim 41 

288. Claim 41 is another independent claim.  For reference, I have 

reproduced the entirety of this claim above.  (See Section VII.C.) 

289. Claim 41 is directed to a “method of operating a fuel injection valve” 

like that required by claim 1.   
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290. Due to the similarity between what claim 41 and claim 1 require, in my 

opinion, the combination of Wirbeleit and Klügl teach everything required by this 

method for the same reasons I have already explained for claim 1.   

291. Though I have included some additional discussion regarding claim 41 

below, a fuller explanation can be found above in the discussion of claim 1. 

292. In my opinion, injector taught by the Wirbeleit and Klügl references 

“(a) actuate[es] a dimensionally responsive member” and “(c) deactuat[es] said 

dimensionally responsive member” to open and close an injector. 

293. In this regard, Wirbeleit includes a piezoelectric actuator 21 that 

expands in length along the injector’s longitudinal axis when voltage is applied, and 

contracts in length when voltage is removed.  (See supra Section IX.B.1.a.[1(d)].)   

294. Further, Wirbeleit’s spring 7 facilitates valve closing during de-

actuation.  (See supra Section IX.B.1.a.[1(c)].)   

295. Wirbeleit and Klügl’s injector also “(b) transfer[s] movement caused 

by said actuated dimensionally responsive member through a passive hydraulic 

link” to move a “valve member” and cause it to lift from a “valve seat.”    

296. Here, Wirbeleit teaches that the force exerted by its actuator is passed 

through a hydraulic transmission element 22 to a valve needle 3 causing it to unseat.  

(See supra Section IX.B.1.a.[1(e)].)   
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297. Further, as I have explained, when Klügl’s teachings are applied, a 

POSITA would understand that this element would act as a solid and maintain its 

thickness during actuation.  (See id.)   

298. Klügl also, in my opinion, includes the claimed “hydraulic cylinder 

which houses a piston” (which the claim provides are part of the “passive hydraulic 

link”). 

299. In particular, Klügl transmission module 2, which includes hydraulic 

fluid filled chamber 5 through which the actuating forces are passed, is designed to 

move up and down.  (See Ex. 1006, 2:7-16; Fig. 1.)  Thus, it corresponds to the 

claimed “piston.”   

300. Further, this module is surrounded by a cylindrical “guide sleeve 11” 

located within the hollow interior of the injector’s housing 12.  The portion of the 

housing through which this sleeve moves is the claimed “hydraulic cylinder” that 

“houses” the “piston.”   

301. Finally, in my opinion, the references teach “(d) providing sufficient 

time between consecutive valve openings to allow at least some of said hydraulic 

fluid within said passive hydraulic link to flow from one side of said piston to the 

other side of said piston.”    

302. In particular, Klügl teaches that its transmission module 2 includes a 

bore 10 (throttle/orifice), which allows the fluid from chamber 5 on one side of the 
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module to flow to chamber 7 on the other side of the module during injector idle 

periods.  (See supra Section IX.B.1.a.[1(e)].)   

2. Motivation to Combine 

303. A POSITA would have considered it obvious and would have been 

motivated to combine the teachings of Wirbeleit and Klügl.   

304. As I have explained, Wirbeleit employs a “hydraulic transmission 

element 22” that is, according to Wirbeleit, “not shown in detail.”  (Ex. 1004, 2:60-

64.)  

305. Given that Wirbeleit requires the use but does not depict the specifics 

of its hydraulic transmission element, a POSITA would have been required to 

consult their own background knowledge and other available designs known in the 

art at the time the ’138 patent was filed when implementing Wirbeleit. 

306. In my opinion, a POSITA would have considered Klügl to be an 

example of one such design for use with Wirbeleit.   

307. In my opinion, a POSITA would have considered Klügl’s “transmission 

module 2” to be particularly suitable for use with Wirbeleit.   As discussed in the 

following paragraphs, there are several reasons for this.   

308. As an initial matter, Wirbeleit and Klügl are structurally and 

functionally similar.  
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309. Klügl’s “transmission module 2” is like Wirbeleit’s “hydraulic 

transmission element 22” in that it is hydraulic-based and can passively transfer 

force from an actuator to a fuel injector control piston or needle for purposes of 

opening a valve.  (E.g., Ex. 1006, 1:60-2:10, 3:23-29.)   

310. Further, both Wirbeleit and Klügl employ a piezoelectric (or 

alternatively magnetostrictive) actuator that applies force to a control piston through 

a hydraulic element so as to open a valve.   

311. Both Wirbeleit and Klügl also employ a spring that applies force to the 

needle for purposes of closing the valve.   

312. In my opinion, these structural and functional similarities would have 

provided a POSITA with a strong motivation to use Klügl’s transmission module 2 

when implementing Wirbeleit’s hydraulic transmission element 22.   

313. A POSITA would also, in my opinion, have been motivated to use 

Klügl’s “transmission module 2” with Wirbeleit because doing so would be 

understood to provide other important benefits that would improve Wirbeleit’s 

operation. 

314. Primary among these is the ability to account for the effects of 

differential thermal expansion and wear. 
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315. As I have explained, Klügl’s “transmission module 2” uses an 

incompressible hydraulic fluid that does not flow out of a chamber 5 during actuation 

but can move between a chamber 5 and chamber 7 during periods of rest. 

316. This, according to Klügl, not only allows for transmission of force 

without application of a non-unity stroke ratio (i.e., the needle still moves by the 

same distance the actuator expands) but also allows for “automatic adjustment” of 

the injector to account for the effects of “wear,” “aging,” and “thermal expansion.”  

(Ex. 1006, 3:50-4:31.)  

317. In my opinion, when the ’138 patent was filed, a POSITA would have 

recognized that one “known” “aim” when designing an injection valve should be to 

“compensat[e]” for the “effects of temperature changes, wear and manufacturing 

tolerances” on the valve’s “actuating displacement.”  (E.g., Ex. 1009, 1:9-16.) 

318. This same design goal is expressed repeatedly in the prior art.  (See, 

e.g., Ex. 1010, 1:41-52 (explaining that an injector “valve needle and its valving 

element” must “always perform the same opening stroke” regardless of “temperature 

fluctuations,” “wear,” or “manufacturing tolerances”).).  

319. In my opinion, a POSITA would have known that Wirbeleit is no 

different and is subject to the same issues as other known fuel injectors.  Thus, the 

same design considerations discussed above apply equally to Wirbeleit. 
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320. In particular, a POSITA would have understood that temperature 

changes, wear, or manufacturing issues could cause Wirbeleit’s injector 

components—like the components of any injector—to also become misaligned, 

inefficient, or even non-functional.   

321. Indeed, because Wirbeleit’s injector is intended to allow for precise 

control over the amount of travel of its needle, a POSITA would have considered it 

particularly important that its injector components remain in proper alignment.  

Otherwise, application of control signals to Wirbeleit’s actuator could result in the 

incorrect amount of needle movement.  Similarly, Wirbeleit’s needle lift sensor 19 

is designed to sense the position of the control piston 10.  If this control piston does 

not move by the same distance as the actuator, Wirbeleit’s control system would not 

allow for the same, straightforward operation it currently does. 

322. In my opinion, a POSITA would have understood that use of Klügl’s 

“transmission module 2” would address this problem. 

323. In particular, using Klügl’s transmission module 2 (in particular that 

shown in Figure 1), force would still be transmitted between Wirbeleit’s actuator 

and its needle.   

324. But, during periods of rest when the injector is idle, hydraulic fluid 

could flow between chambers 5 and 7 to account for any dimensional changes 

resulting from thermal expansion and wear.   
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325. A POSITA would have recognized that this would substantially 

improve Wirbeleit by rendering it more able to account for and automatically adapt 

to the types of conditions routinely encountered by a fuel injector.  It would also 

ensure that Wirbeleit’s injector continues to deliver the range of needle movement 

intended when different signals are applied to its actuator. 

326. A POSITA would have recognized that there are further benefits that 

would have derived from application of Klügl’s transmission module 2 to Wirbeleit.  

These would, in my opinion, have also motivated combination. 

327. For instance, Klügl explains that its device, which of course includes 

its transmission module 2, is “particularly compact and easy-to-assemble.”  (Ex. 

1006, 1:20-22.)  Similarly, the device is structured such that its components can be 

“pre-assembled.”  (Id., 1:26-38.) 

328. In my opinion, a POSITA would have recognized that this would 

further improve Wirbeleit’s injector.   

329. Using use Klügl’s “transmission module 2,” Wirbeleit’s injector would 

be more compact, leading to an overall smaller injector allowing it to be more readily 

integrated into an engine.   

330. For instance, it would no longer be necessary to reserve a large space 

between the actuator and control piston to house a substantial amount of hydraulic 

fluid as depicted in Wirbeleit’s figure.  Nor would it be necessary include separate 
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seals, gaskets, or the other types of structure to keep this element’s hydraulic fluid 

in place and prevent it from escaping or leaking out of its designated space.  Instead, 

only a small amount of hydraulic fluid would need to be housed in transmission 

module 2, which is itself already structured to keep fluid in place. 

331. Relatedly, a smaller sized element 22 would also be understood by a 

POSITA to be beneficial in that it would allow for further design flexibility 

elsewhere in the injector.  For example, differently sized or shaped interior 

chambers, fuel supply pathways, or nozzles that may not have been available 

previously due, for instance, to the length of the injector caused by the amount of 

hydraulic fluid used by Wirbeleit, would now be able to be more readily 

accommodated.   

332. In the same fashion, a POSITA would have recognized that the 

injector’s performance would be improved by keeping the volume of fluid in element 

22 small so as to ensure that the fluid has low compressibility and effectively 

eliminate the possibility of delays of motion transmission from the actuator to 

control piston. 

333. Further, a POSITA would have recognized that use of Klügl’s separate, 

preassembled, “particularly simple [to] manufacture” transmission module 2 in place 

of Wirbeleit’s built-in “hydraulic transmission element 22” would have simplified 

the overall process of manufacturing Wirbeleit’s injector.  (Id., 1:26-34.)   
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334. Manufacturing Wirbeleit’s injector would require a step during injector 

assembly in which a substantial amount of hydraulic fluid must be supplied to the 

interior of its injector as no provision has been made to fill 22 through operation, 

such as through fuel or hydraulic ports or leak paths.  This necessitates the presence 

of equipment capable of supplying this liquid without contaminating it in some way 

that will impede its operation.  This step would be eliminated using Klügl’s 

transmission module 2: the transmission module 2 (including the hydraulic fluid it 

contains) can be assembled separate from the injector.  The transmission module 2 

then simply needs to be inserted into the injector housing during injector assembly. 

335. A POSITA would also have understood that Klügl’s “transmission 

module 2” allows for the use of other injector components that would further 

improve Wirbeleit’s operation.   

336. For example, Klügl’s injector includes an “upper stop 13” and a “lower 

stop 16” that are both attached via “screw” connections and can be used to set the 

compression of the piezoelectric actuator, disk spring 14, and spring 15.  (Ex. 1006, 

1:57-60; 2:35-39.)   

337. Klügl explains that this allows “the piezoelectric actuator 1,” 

transmission module 2,” and “drive piston 3” to be “pre-adjusted” “[d]uring … 

production of the injection valve.”  (Id., 3:1-10.)   
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338. In my opinion, this would have further motivated application of Klügl 

to Wirbeleit.  Using similar adjustment mechanisms (which are again allowed by 

Klügl’s injector design, including its use of transmission module 2) would allow 

Wirbeleit’s injector be adjusted at the time of manufacture to account for slight 

variations of component size, or to refine the load on the injector’s components.  A 

POSITA would have understood that this would have had the potential to improve 

(or at the very least refine) the operation of the injector.   

339. In my opinion, a POSITA would also have been motivated to retain 

Wirbeleit’s directly actuated and controllable valve design when applying the 

teachings of Klügl.   

340. As I have summarized above, Wirbeleit identifies its injector’s ability 

to control the orifice openings an important feature as it allows for the injection 

amount to be controlled “depending on engine operating parameters.”  (Ex. 1004, 

1:52-58, 2:1-12.)   

341. In my opinion, a POSITA would have similarly recognized this to be a 

highly beneficial feature.   

342. For instance, it was known that controlling injection in this manner 

allows the “opening stroke of the valve member and the injection time” to be 

adjusted based on the engine’s current operating conditions to “optimize[]” fuel 

“consumption” and minimize “emission.”  (E.g., Ex. 1015 at 3; see also id. at 1 
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(explaining that adjusting needle valve lift allows for “low fuel consumption and 

emissions … over [a] wide range[]” of engine operating conditions).)   

343. Engaging in the type of control taught by Wirbeleit also allows injector 

performance to be tailored to ensure “smooth running of the internal combustion 

engine.”  (Id. at 3.)   

344. Further, the control provided by Wirbeleit allows for valve adjustment 

“dynamically” during operation allowing for even further refinement of engine 

performance.  (Id.)   

345. In my opinion, these benefits would have not only provided a POSITA 

with a strong motivation to use Wirbeleit in the first place, but would also have led 

a POSITA to maintain the ability to control valve lift even if making other changes, 

including the application of Klügl’s transmission module as discussed above, to 

Wirbeleit’s injector.  In order to accomplish this, a POSITA would have maintained 

Wirbeleit’s direct acting configuration when including Klügl’s transmission module. 

346. Next, in my opinion, a POSITA would have considered the use of 

Klügl’s “transmission module 2” with Wirbeleit to be nothing more than a routine 

design choice.   

347. As I have explained, Wirbeleit teaches a fuel injector with controllable 

valve lift that allows the injection amount to be tailored to engine operation.  Further, 

it already includes a passive hydraulic force transmission element.   
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348. Klügl teaches a hydraulic transmission element like that employed by 

Wirbeleit.  Further, it explains that this element is designed to automatically adjust 

to account for the effects of thermal expansion and wear.  

349. A POSITA would have understood that combining these two 

references’ teachings results in an injector that continues to exhibit these very same 

benefits: the combined injector would still allow for controllable lift as taught by 

Wirbeleit, would still transmit force through a hydraulic element as taught by both 

references, and would now be able to account for thermal expansion and wear as 

taught by Klügl. 

350. In my opinion, a POSITA would also have had a reasonable expectation 

of success when combining Wirbeleit and Klügl.   

351. As I explain above, a POSITA would have recognized that both 

Wirbeleit and Klügl are directed to injector valves.  Indeed, both references teach 

injector valves that are structurally and functionally similar: both transmit the force 

of an actuator through a hydraulic element to a control piston for purposes of opening 

a valve.  And, both employ a spring to exert a valve closing force. 

352. In my opinion, this similarity would have led a POSITA to conclude 

that Klügl’s “transmission module 2” and the other injector components associated 

with this module could be readily incorporated into Wirbeleit. 
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353. I note that Klügl does provide an example where a piezoelectric 

actuator is employed to open a “servo” or pilot valve (which in turn opens the 

injector’s nozzle valve). 

354. In my opinion, a POSITA would not have considered Klügl to be only 

applicable to this type of injector.   

355. Instead, a POSITA would have understood that Klügl’s “transmission 

module 2” could also be readily and successfully used in other types of injectors.   

356. This, in my opinion, includes injectors like Wirbeleit’s, where the 

actuator directly controls a needle valve that opens the flow path into an engine’s 

combustion chamber.   

357. Showing this, Klügl itself explains that use of its transmission module 

in connection with a servo valve is intended to be just an “example.”  (Ex. 1006, 1:7-

12.)   

358. It then goes on to explain that its teachings—including its use of 

transmission module 2 to account for thermal expansion and wear—can be more 

broadly applied to the transmission of “movement of a piezoelectric actuator in an 

injection valve to” any “control element.”  (Id.)  
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C. Ground 2: Claim 28 is Obvious Over Wirbeleit, Klügl, and 

Newcomb 

359. In my opinion, a POSITA would have considered Wirbeleit, Klügl, and 

Newcomb to be within the scope of the prior art and highly relevant to the 

patentability of the ’138 patent’s claims. 

360. In my opinion, when viewed and considered in light of the knowledge 

possessed by a POSITA, Wirbeleit, Klügl, and Newcomb together disclose all the 

limitations of and render claim 28 of the ’138 patent obvious.  

361. Claim 28 depends on claim 1 and further requires: 

“wherein said valve housing, said valve member and said actuator assembly are 

selected from materials having thermal expansion coefficients sufficiently compatible 

such that changes in the dimensional relationship between said components caused by 

changes in temperature are reduced.” 

362. As explained above, Wirbeleit and Klügl teach everything claim 1 

requires.   

363. In my opinion, a POSITA would have considered the additional 

limitation of claim 28 to be obvious in view of the teachings of Newcomb (Ex. 1014).  

364. Newcomb, like Wirbeleit and Klügl, relates to a “control valve such as 

a … fuel injection valve…”  (Id., 1:5-7.)   

365. Newcomb explains that when such a valve employs a “piezoelectric 

element” as an actuator, “the potential stroke of the valve is usually small, for 

example, of the order to 10 or 20 micrometers.”  (Id., 1:31-34.)   
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366. Newcomb then explains that “[i]t is therefore essential to minimize the 

effects of thermal expansion on the valve parts so that flow through the valve will 

vary only slightly with changes of ambient temperature.”  (Id., 1:34-38.)   

367. “One solution to [this] problem is to choose a material” (like “a nickel-

iron alloy”) “for the valve housing” that “has a similar thermal expansion coefficient 

to that of the piezoelectric element.”  (Id., 1:38-41.)   

368. Newcomb explains that as an alternative, different materials can be 

used so long as those materials have “coefficient[s] of thermal expansion” and 

dimensions that result in “equal” “linear expansion.” (Id., 1:50-59.)   

369. Newcomb provides an example of this where a “valve body 21” and 

valve opening “lower end piece 2a” are made from “steel having a thermal expansion 

coefficient of 12 µm K-1,” while the piezoelectric “actuating member 2” is formed 

from a ceramic that “has a thermal expansion coefficient of 4 µm K-1.”  Above the 

piezoelectric actuator is located a “spacer 22b” “made from aluminum having a 

thermal expansion coefficient of 23 µm K-1.”  (Id., 3:39-47.)   

370. Newcomb explains that the “length” of the spacer may be chosen in 

such a way that the piezo actuator and spacer together “maintain[e]” “a substantially 

fixed position with respect to the” “valve housing 21 even though changes in the 

temperature of the valve may take place.”  (Id., 3:52-68.)   

Petitioner Ex. 1001, p. 82
                   Robert Bosch et al v. Westport

                    IPR2023-00293



 

-83- 

371. In my opinion, applying this to the injector of Wirbeleit and Klügl 

results in what the claim requires: the injector’s housing, valve member, and actuator 

would have been made from materials with sufficiently similar thermal expansion 

coefficients or compatibly selected materials in such a way as to reduce the overall 

influence of thermal expansion.  As a result, using either approach, any change in 

relative dimension would be minimized.   

372. A POSITA would have been motivated to combine these references’ 

teachings.   

373. For instance, Klügl itself already recognizes that injector valves should 

be designed to account for the effects of thermal expansion.  (Ex. 1006, 3:52-55, 

4:25-31, 6:29-33.)   

374. Newcomb confirms this, explaining that it is “essential” that a fuel 

injector be designed to “minimize the effect[s] of thermal expansion.”  (Ex. 1014, 

1:34-38.)   

375. Use of Newcomb’s first thermal coefficient selection teachings would 

serve to further this known design goal: use of materials with matching thermal 

expansion coefficients would minimize (or at least reduce) the effects of thermal 

expansion. 

376. I also understand that Patent Owner itself has stated that “[i]n order to 

minimize dimensional variations from changes in temperature expected in internal 
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combustion engine applications, a reasonable engineer would select materials with 

similar thermal expansion coefficients for use in an injection valve.”  (E.g., Ex. 1022, 

p. 20).)  A POSITA as of the ’138 patent’s filing would have engaged in this same 

material selection process. 

377. Moreover, Newcomb explains that its valve design approach “enable[s] 

the effects of thermal expansion to be reduced without the use of comparatively 

costly … materials.”  (Ex. 1014, 1:45-49.)   

378. In my opinion, this potential for cost reduction through the use of less 

expensive materials would have served to further motivate a POSITA to apply 

Newcomb’s teachings.  

379. A POSITA would also have had a reasonable expectation of success.   

380. Showing this, Newcomb itself explains that its material usage teachings 

are specifically intended for use with a “control valve such as a … fuel injection 

valve.”  (Ex. 1014, 1:5-7.)  As I have explained, both Wirbeleit and Klügl teach fuel 

injection valves. 

D. Ground 3: Claims 1-3, 6, 13-14, 17-21, 26-27, and 41 Are Obvious 

Over Klügl and Hayes 

381. In my opinion, a POSITA would have considered Klügl and Hayes to 

be within the scope of the prior art and highly relevant to the patentability of the ’138 

patent’s claims. 
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382. In my opinion, moreover, when viewed and considered in light of the 

knowledge possessed by a POSITA as shown by Hayes, Klügl itself discloses all the 

limitations of and render claims 1-3, 6, 13-14, 17-21, 26-27, and 41 of the ’138 patent 

obvious when Patent Owner’s understanding of the claims is applied.   

1. Claim-by-Claim Analysis 

a. Claim 1 

[1-p] “An injection valve for injecting fuel into a combustion chamber of an internal 

combustion engine, said injection valve comprising:” 

383. To the extent the preamble is limiting, it is taught by Klügl. 

384. In particular, Klügl. teaches an “automotive” “injection valve.”  (Ex. 

1006, 1:7-12.)   

385. Further, Klügl explains that this valve controls injection into an 

“internal combustion engine.”  (Id., 2:54-57.)  In my opinion, a POSITA would 

understand this to be a direct injection valve for injecting fuel into the combustion 

chamber. 

[1(a)] “(a) a valve housing comprising:” 

386. In my opinion, Klügl’s injector includes the claimed “valve housing.” 

387. In particular, Klügl’s injector includes an “upper stop 13” and an outer 

“housing 12” that surrounds the valve components.  (Id., 1:47-51.)   

388. This housing is shown below in teal: 
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(Id., Fig. 1 (annotated).) 

[1(a)-1] “a fuel inlet port;” 

389. In my opinion, Klügl obviously includes the claimed “fuel inlet port.” 

390. Klügl explains that a “servo valve” formed by “ball 4” (also referred to 

as a “closing member 4”) “control[s] an injection needle, which controls the 

injection of an internal combustion engine.”  (Ex. 1006, 2:54-57.)   

391. This “ball” is lifted from or lowered onto the “valve seat 35” by the 

“control needle 32” to “begin[]” or “end[]” “injection.”  (Id., 3:23-38, 39-49.)   

392. The opening of the ball servo valve allows the opening of an injector 

nozzle needle—not shown in Klügl's figure—as a “pressure chamber” that normally 

applies “high pressure to the injection needle” to be vented through the “relief line 

43” to start fuel injection.  (Id., 3:33-38.) 
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393. Conversely, closing the servo valve allows “high pressure” to be “again 

applied” to the nozzle needle to close it and stop injection.  (Id., 3:39-49.)   

394. In sum, in Klügl, the “injection needle” is moved to open/close a 

pathway to the combustion chamber. 

395. While Klügl’s figures do not show the structure around its “injection 

needle,” in my opinion a POSITA would have understood that there would be a 

passage, conduit, line or other similar structure to supply fuel to the space adjacent 

to the “injection needle” such that fuel can be injected when the needle opens.  

396. The purpose of the injection needle is to allow high pressure fuel to be 

sprayed into the combustion chamber when open, and stop the fuel spray when 

closed.  To perform this function, high pressure fuel must be supplied to and stored 

behind the injection needle. 

397. Other prior art shows how a POSITA would understand Klügl to be 

structured and operated.  In my opinion, Hayes (Ex. 1024) provides an example. 

398. Hayes relates to an indirectly actuated fuel injector.  (Id., 1:7-14.)  In 

other words, an injector where the nozzle needle valve is indirectly controlled by a 

pilot valve.  

399. Hayes’s injector includes an intermediate “control valve 1” sealed by a 

ball-shaped “component 12.”  (Id., 2:7-15, 30-36.)  This is analogous to the servo 

valve sealed by ball 4 in Klügl.   
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400. Actuating Hayes’s injector opens the control valve.  (Id., 3:24-45.)  This 

in turn lowers the pressure in a “chamber 5,” which causes a separate “valve needle 

3” to lift and open a passage into combustion chamber.  (Id., 3:53-63.)  Fuel supplied 

by a “feeding line 22, which feeds the fuel at high pressure” is then injected through 

the passage opened by the needle.  (Id., 2:45-48, 3:53-63.)   

401. This operation is also analogous to that in Klügl.  Activating Klügl’s 

injector opens the servo valve formed by ball 4, lowers the pressure in a “pressure 

chamber,” and causes an “injection needle” to unseat so fuel can be injected. 

402. Given the structural and functional similarity between Klügl and Hayes, 

in my opinion a POSITA would have understood that Klügl would include a 

“feeding line” like that in Hayes to supply high pressure fuel to the area behind its 

injection needle.  This line is the claimed “fuel inlet port” and is shown in blue 

below: 
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(Fig. 1 (annotated).) 

403. As a further clarification, the below demonstrative summarizes how, in 

my opinion, a POSITA would understand the portion of the injector below Klügl’s 

servo valve and in the area of its injection needle to be structured.  To create this 

demonstrative, I have applied the relevant portions of the injector shown in Fig. 1 of 

Hayes to Fig. 1 of Klügl.  As explained, a lower injection needle—controlled by the 

intermediate servo valve—opens/closes a passage into the combustion chamber to 

allow fuel supplied by the inlet to be injected: 
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(See Ex. 1006, Fig. 1; Ex. 1024, Fig. 1.) 

[1(a)-2] “an interior chamber fluidly connected to said fuel inlet port; and” 

404.  In my opinion, Klügl would obviously include the claimed “interior 

chamber.” 

405. Again, as I have just explained, Klügl includes an “injection needle” 

that opens to the combustion chamber.  (Ex. 1006, 3:33-38.)   

406. As I have also explained, Hayes provides an example of how a POSITA 

would have understood the portion of Klügl’s injector around this needle to be 

structured.   
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407. In Hayes, fuel feed line 22 terminates in an “injection valve pressure 

chamber 28” located within the injector interior.  (Ex. 1024, 2:45-47.)   

408. This chamber 28 is shown in orange below.  It corresponds to the 

claimed “interior chamber”:  

 

(Id., Fig. 1 (annotated).)   

409. In my opinion, a POSITA would have understood that Klügl would 

include a similar interior space adjacent to its injection needle: this would ensure 

that an adequate distribution of fuel is present behind the needle to provide uniform 

injection into the combustion chamber when the needle opens. 
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[1(a)-3] “a valve seat for cooperating with a valve member to seal said interior chamber 

from said combustion chamber when said injection valve is closed;” 

[1-b] “(b) said valve member having one end disposed within said valve housing and 

an opposite end extendable from said valve seat toward said combustion chamber, 

wherein said valve member comprises a sealing surface that fluidly seals against said 

valve seat when said injection valve is closed and that is liftable away from said valve 

seat when said injection valve is open;” 

410. In my opinion, Klügl includes the claimed “valve seat” and “valve 

member” when Patent Owner’s understanding of the claim (with reference to an 

indirectly controlled injection valve) is applied. (See Section VIII above).  

411. In particular, Klügl’s injector includes a “drive piston 3” that “merges 

into a control needle 32” at its lower end. (Ex. 1006, 2:50-53.)  The “control needle 

32 … extends … to a valve seat 35….”  (Id.)   There is a “ball 4,” which Klügl also 

calls a “closing element 4,” attached to this control needle that acts as a “closing 

element” when “pressed against the valve seat.”  (Id., 2:54-57.)   

412. In my opinion, the piston 3, control needle 32, and ball 4 together form 

Klügl’s “valve member.” Klügl’s valve seat 35 is the claimed “valve seat.”  The 

components making up the valve member area all highlighted in green below.  The 

valve seat is circled: 

Petitioner Ex. 1001, p. 92
                   Robert Bosch et al v. Westport

                    IPR2023-00293



 

-93- 

 

(Id., Fig. 1 (annotated).) 

413. In my opinion, Klügl’s valve member is “extendable from said valve 

seat toward said combustion chamber” such that it “lift[s] away from said valve 

seat” to open the injector.  It also “cooperat[es] with” the valve seat “to seal said 

interior chamber from said combustion chamber” to close the injector as this claim 

limitation requires.   

414. To open the injector, Klügl’s actuator expands causing “[t]he drive 

piston 3” to be pressed downward or displaced towards the combustion chamber.  

This in turn causes the “closing element 4” that is attached to the piston to be “lifted 

off the valve seat 35 by the control needle 32.”  (Id., 3:23-33.)   
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415. This lifting of element 4 off its seat causes “the pressure in the pressure 

chamber [to] drop[]” and “the injection needle” to “lift” so that injection to the 

combustion chamber can begin.  (Id., 3:33-38.)  This is the open or lifted position 

(at least under Patent Owner’s understanding of this claim term): the valve member 

has moved so as to cause the fluid connection from the fuel supply to the combustion 

chamber via the injection needle.   

416. To close the valve, the actuator is deenergized causing it to shrink.  This 

in turn causes the spring to exert pressure on the piston so that “closing element 4” 

is “pushed … back onto the assigned valve seat 35[.]”  The pressure in the “pressure 

chamber” returns to a high level lowering the “valve needle” and ending injection.  

(Id., 3:39-49.)  This is the closed or sealed position (at least under Patent Owner’s 

understanding of this claim term): the valve member has again moved so as to cause 

the injection needle to seal the passage from the fuel supply to the combustion 

chamber.    

417. These positions are shown in the below demonstrative prepared using 

Figure 1 of Klügl.  The closed/sealed position is shown to the left, while the open 

position is shown to the right. The piston size has been slightly modified in the 

figures to allow for an exaggerated depiction of movement while ensuring that the 

relief line is maintained, i.e., the piston wouldn’t block the relief line in operation. 
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418. In the combined injector of Hayes and Klügl, the figures below show 

the impact the opening/closing of Klügl’s servo valve has on its injection needle 

(and how this results in fuel injection).  Yellow represents areas of high pressure 

where high-pressure fuel is present.  Blue represents areas of low pressure 

connected to the relief line.  Green represents areas of intermediate pressure:  
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419. As noted above, movement of Klügl’s piston 3, control needle 32, and 

ball/closing element 4 does not directly open a passage to the combustion 

chamber—only Klügl’s injection needle does this.   

420. Regardless, movement of Klügl’s piston 3, control needle 32, and 

ball/closing element 4 indirectly opens this passage by lowering the pressure in 

Klügl’s pressure chamber causing Klügl’s injection needle to unseat so that fuel can 

be injected into the combustion chamber.   
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421. Again, as I have explained, in my opinion this type of indirect actuation 

is not what claim 1 requires.  (See supra Section VIII.) 

422. But, as I have also explained, I understand that Patent Owner has taken 

the opposite position. 

423. Applying Patent Owner’s understanding of claim 1 to embrace 

indirectly actuated injectors, Klügl teaches what the claim requires. 

424. In particular, it includes a “valve member” (its piston 3, control needle 

32, and ball/closing element 4) that operates (indirectly) to either “fluidly seal[]” 

with a “valve seat” (valve seat 35) to stop injection, or “lift[]” (towards the 

combustion chamber) from that seat to start injection.  

[1(c)] “(c) a biasing mechanism associated with said valve member, said biasing 

mechanism applying a closing force to said valve member when said valve member is 

in said closed position;” 

425. In my opinion, Klügl includes the claimed “biasing mechanism.”   

426. In particular, Klügl’s injector includes a “spring 15” that “bias[es]” the 

“drive piston 3 … against a lower stop 16” located within the injector housing.  (Ex. 

1006, 2:35-36.)   

427. The force exerted by this spring through the piston, along with 

cooperating force exerted on the ball 4 by a “valve spring 33”, causes “closing 

element 4” to be “seated on the valve seat 35” when the injector is in its “rest” state.  

(Id., 3:11-13, 19-22, 39-45.)   
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428. Spring 15 is highlighted in red below:   

 

(Id., Fig. 1 (annotated).) 

[1(d)] “(d) an actuator assembly associated with said valve member, wherein said 

actuator assembly may be actuated to apply an opening force to said valve member 

stronger than said closing force, for moving said valve member to said open position; 

and” 

429. In my opinion, Klügl’s injector includes the claimed “actuator 

assembly.”   

430. Klügl explains that a “piezoelectric actuator 1 is placed in” its “housing 

12” “between an upper stop 13 and a transmission module 2….”  (Ex. 1006, 1:47-

51.)   

431. The “length” of this actuator can be “adjusted” via application of a 

voltage over “control lines 23.”  (Id., 1:51-56.)   
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432. To open the injector, “the piezoelectric actuator 1 is … controlled” 

“press[ing] the entire transmission module 2 … in the direction of the drive piston 

3” so as to “move[]” the piston “against the spring force of the tension spring 15….”  

(Id., 3:23-33.)   

433. To close the injector, “activation of the piezo actuator 1 ends” causing 

“the piezoelectric actuator 1” to be “shortened” and “transmission module 2” to be 

“pushed” back “in the direction of the piezoelectric actuator 1.”   (Id., 3:39-45.)   

434. The actuator 1 and transmission module 2 together constitute Klügl’s 

“actuator assembly.”  The actuator 1 is shown in dark purple below, while the 

transmission module 2 is shown in light purple: 

 

(Fig. 1 (annotated).) 
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[1(e)] “(e) a hydraulic link assembly comprising a passive hydraulic link having a 

hydraulic fluid thickness through which said opening and closing forces are 

transmitted, whereby said hydraulic fluid acts substantially as a solid with said 

thickness being substantially constant while said actuator assembly is actuated and 

wherein said thickness of said hydraulic link is adjustable while said actuator assembly 

is not actuated in response to changes in the dimensional relationship between 

components of said injection valve to maintain a desired valve lift upon actuation of 

said actuator assembly.” 

435. In my opinion, Klügl teaches the claimed “hydraulic link.”  

436. I have already explained above in Section IX.B.1.a.[1(e)] (when 

discussing Wirbeleit and claim 1), Klügl’s injector includes a chamber 5 filled with 

incompressible hydraulic fluid.  When Klügl’s actuator expands, force from the 

actuator is transmitted to piston 3 through the fluid in this chamber to open the 

injector.  Then, when the actuator is deactivated to close the injector, the closing 

force of the spring 15 is transmitted back through this same chamber 5 until a rest 

point is reached.   

437. As I have also explained, the fluid in this chamber passively transmits 

force from the actuator 1 to the piston 3.  The piston 3 moves by the same distance 

that the actuator 1 expands.  Further, because the fluid is incompressible and cannot 

flow out of chamber 5 during actuation, the fluid acts as solid with constant 

thickness.   

438. Further, due to the presence of bore or throttle 10 that connects to a 

chamber 7, during periods of rest and valve inactivity, fluid can move from the 
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chamber 5 through bore 10 to chamber 7 to automatically adjust and compensate for 

effects of thermal expansion and wear.   

439. As a result, this fluid-filled chamber 5 corresponds to claimed 

“hydraulic link.”  This link is highlighted dark pink below.  The bore 10 and 

chamber 7 that allow for auto-adjustment during idle or rest periods are shown in 

light pink.  As done earlier in this declaration, the central portion of the figure has 

been expanded to the right to better focus on the chamber 5: 

 

(Fig. 1 (annotated).) 

b. Claim 2 

440. Claim 2 depends on claim 1 and further requires: 

“wherein said thickness of said hydraulic link is auto-adjustable while said actuator 

assembly is not actuated in response to changes in said dimensional relationship caused 

by differential thermal expansion.” 
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441. As explained above, Klügl and Hayes teach everything claim 1 

requires. 

442. In my opinion, Klügl teaches the additional limitation of this claim for 

the same reasons discussed above: fluid can move from Klügl’s chamber 5 to 

chamber 7 when the injector is at rest to account for the effects of thermal expansion.  

(See supra Section IX.B.1.b.) 

c. Claim 3 

443. Claim 3 depends on claim 2 and further requires: 

“wherein said thickness of said hydraulic link is auto-adjustable while said actuator 

assembly is not actuated in response to changes in said dimensional relationship caused 

by wear to components of said injection valve.” 

444. As explained above, Klügl and Hayes teach everything claim 2 

requires. 

445. In my opinion, Klügl teaches same reasons discussed above: fluid can 

move from Klügl’s chamber 5 to chamber 7 when the injector is at rest to account 

for the effects of wear.  (See supra Section IX.B.1.c.) 

d. Claim 6 

446. Claim 6 depends on claim 1 and further requires: 

“wherein said actuator assembly comprises a dimensionally responsive member.” 

447. As explained above, Klügl and Hayes teach everything claim 1 

requires. 
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448. In my opinion, the additional limitation of this claim is taught by Klügl. 

Klügl employs a “piezoelectric actuator 1” that “preferably consists of a stack of 

piezoelectric elements” that extend in length in response to an applied voltage to 

open Klügl’s injector.  (Ex. 1006, 1:52-56.) 

e. Claim 13 

449. Claim 13 depends on claim 6 and further requires: 

“wherein said dimensionally responsive member is formed from a piezoelectric 

material.” 

450. As explained above, Klügl and Hayes teach everything claim 6 

requires. 

451. In my opinion, the additional limitation of this claim is taught by Klügl. 

Klügl employs a “piezoelectric actuator 1” that “preferably consists of a stack of 

piezoelectric elements.”  (Ex. 1006, 1:52-56.) 

f. Claim 14 

452. Claim 14 depends on claim 6 and further requires: 

“a compression spring member for applying a compressive force to said dimensionally 

responsive member.” 

453. As explained above, Klügl and Hayes teach everything claim 6 

requires. 

454. In my opinion, the additional limitation of this claim is taught by Klügl 

for the reasons discussed above:  Klügl’s injector includes a “disk spring 14” to “pre-
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stress[]” its piezoelectric actuator 1.  (Ex. 1006, 2:11-21; 3:16-19; see also supra 

Section IX.B.1.f.) 

g. Claim 17 

455. Claim 17 depends on claim 6 and further requires: 

“wherein when said actuator assembly is controllable to control said desired lift to 

between 10 and 100 percent of maximum lift.” 

456. As explained above, Klügl and Hayes teach everything claim 6 

requires. 

457. In my opinion, the additional limitation of this claim is rendered 

obvious by Klügl. 

458. Klügl explains that “the length” of its “piezoelectric actuator 1 can be 

adjusted” via a signal sent over “control lines 23” by a “control means 27.”  (Ex. 

1006, 1:51-56.)   

459. In my opinion, even in an indirectly actuated injector, it is advantageous 

to be able to open the valve proportionally as Klügl teaches from small to full valve 

lifts.  For instance, in the combined embodiment of Klügl and Hayes presented 

above, the proportional control of Klügl’s servo valve could additionally act as 

Hayes’s control volume vent orifice 24 and would allow for control of the injection 

needle valve’s opening and closing rates to improve noise and emissions. 
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460. Klügl teaches the general conditions of this claim.  It is an injector with 

variable, controllable lift.  Given this, in my opinion a POSITA would consider the 

claim to be obvious for the same reasons I note above.  (See supra Section IX.B.1.g.)   

h. Claim 18 

461. Claim 18 depends on claim 17 and further requires: 

“wherein said lift is controllable by varying at least one of the electric current, the 

electric voltage and the magnetic field imposed upon said dimensionally responsive 

member.” 

462. As explained above, Klügl and Hayes teach everything claim 17 

requires. 

463. In my opinion, these references also teach the additional limitation of 

claim 18 for the reasons discussed in connection with claim 17: the lift of Klügl’s 

injector servo valve can be adjusted by controlling the voltage supplied to a 

piezoelectric actuator.  This will in turn impact the hydraulic balance of the needle.  

(See supra Section IX.D.1.g.) 

i. Claim 19 

464. Claim 19 depends on claim 6 and further requires: 

“wherein said valve member is controllable such that said valve member moves 

between said open and closed positions in less than about 200 microseconds.” 

465. As explained above, Klügl and Hayes teach everything claim 6 

requires. 
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466. In my opinion, the additional limitation of this claim is rendered taught 

by Klügl for the same reasons discussed above: Klügl’s valve can transition from an 

open to closed state in as little as 100 microseconds.  (See supra Section IX.B.1.i.) 

j. Claim 20 

467. Claim 20 depends on claim 6 and further requires: 

“a biasing mechanism for applying a compressive force to said dimensionally 

responsive member.” 

468. As explained above, Klügl and Hayes teach everything claim 6 

requires. 

469. In my opinion, the further limitation of this claim this is taught by Klügl 

for the same reasons explained for claim 14: Klügl includes a disk spring 14 that 

applies a pre-loading force to its piezoelectric actuator 1.  (See supra Section 

IX.D.1.f.) 

k. Claim 21 

470. Claim 21 depends on claim 1 and further requires: 

“wherein said biasing mechanism comprises a spring.” 

471. As explained above, Klügl and Hayes teach everything claim 6 

requires. 

472. In my opinion, the additional limitation of this claim is taught by Klügl.  

In particular, as I explained when discussing claim 1, Klügl’s injector includes a 
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spring 15 that applies force that causes the ball 4 to be pressed against its seat to seal 

and close the injector.  (See supra Section IX.D.1.a.[1(c)].) 

l. Claim 26 

473. Claim 26 depends on claim 1 and further requires: 

“wherein said fuel is injected into said combustion chamber at a pressure greater than 

about 2000 psi (about 13.8 Mpa).” 

474. As explained above, Klügl and Hayes teach everything claim 1 

requires. 

475. Klügl’s injector employs a “high pressure” chamber to facilitate 

injection from its injector into an engine’s combustion chamber.  (E.g., 1006, 3:33-

38.)   

476. As I have explained above, a POSITA would have recognized that in 

such a high-pressure system, injection pressure would greatly exceed 2000 psi 

(particularly in a diesel engine).  (See supra Section IX.B.1.l.) 

m. Claim 27 

477. Claim 27 depends on claim 1 and further requires: 

“wherein said valve housing comprises a plurality of parts which are joined with each 

other to provide a fluidly sealed body.” 

478. As explained above, Klügl and Hayes teach everything claim 1 

requires. 
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479. In my opinion, the additional limitation of this claim is taught by Klügl.  

In particular, Klügl’s injector housing includes at least a “housing 12” and an “upper 

stop 13” that together form its sealed interior.  (Ex. 1006, 1:49-51; Fig. 1.) 

n. Claim 41 

480. Claim 41 is another independent claim.  For reference, I have 

reproduced the entirety of this claim above.  (See Section VII.C.) 

481. Claim 41 is directed to a “method of operating a fuel injection valve” 

like that required by claim 1.   

482. Due to the similarity between what claim 41 and claim 1 require, in my 

opinion, the combination of Klügl and Hayes teach everything required by this 

method for the same reasons I have already explained for claim 1 (at least when 

Patent Owner’s understanding of the claim is applied).  

483. Though I have included some additional discussion regarding claim 41 

below, a fuller explanation can be found above in the discussion of claim 1.  

484. In my opinion, the injector taught by the Klügl and Hayes references 

“(a) actuate[es] a dimensionally responsive member” and “(c) deactuat[es] said 

dimensionally responsive member” to open and close an injector. 

485. In this regard, Klügl includes a piezoelectric actuator 1 that expands in 

length along the injector’s longitudinal axis when voltage is applied, and contracts 

in length when voltage is removed.  (See supra Section IX.D.1.a.[(d)].)   
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486. Further, Klügl’s spring 15 facilitates valve closing during de-actuation.  

(See supra Section IX.D.1.a.[1(c)].)   

487. Klügl and Hayes’s injector also “(b) transfer[s] movement caused by 

said actuated dimensionally responsive member through a passive hydraulic link” 

to move a “valve member” and cause it to lift from a “valve seat.”    

488. Here, Klügl teaches that the force exerted by its actuator is passed 

through incompressible hydraulic fluid in chamber 5 that is part of transmission 

module 2 to a piston 3 / needle 32 / ball 4 causing it to unseat.  (See supra Section 

IX.D.1.a.[1(e)].)   

489. The fluid in this chamber acts as a solid and maintain its thickness 

during actuation.  (See id.)   

490. Klügl also, in my opinion, includes the claimed “hydraulic cylinder 

which houses a piston” (which the claim provides are part of the “passive hydraulic 

link”). 

491. In particular, Klügl transmission module 2, which includes hydraulic 

fluid filled chamber 5 through which the actuating forces are passed, is designed to 

move up and down.  (See Ex. 1006, 2:12-21; Fig. 1.)  Thus, it corresponds to the 

claimed “piston.”   

492. Further, this module is surrounded by a cylindrical “guide sleeve 11” 

located within the hollow interior of the injector’s housing 12.  The portion of the 
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housing through which this sleeve moves is the claimed “hydraulic cylinder” that 

“houses” the “piston.”  (See id.) 

493. Finally, in my opinion, the references teach “(d) providing sufficient 

time between consecutive valve openings to allow at least some of said hydraulic 

fluid within said passive hydraulic link to flow from one side of said piston to the 

other side of said piston.”    

494. In particular, Klügl teaches that its transmission module 2 includes a 

bore 10 (throttle/orifice) which allows the fluid from chamber 5 on one side of the 

module to flow to chamber 7 on the other side of the module during injector idle 

periods.  (See supra Section IX.D.1.a.[1(e)].)   

2. Motivation to Combine 

495. This ground points to Hayes as an example of what a POSITA would 

understand Klügl to already teach.  In other words, Hayes simply provides 

elaboration.  Klügl is not being modified or changed in view of Hayes’s teachings.   

496. Regardless, in my opinion, a POSITA would have been motivated to 

look to Hayes—and would have had a reasonable expectation of success when doing 

so—not only because of the structural and functional similarity of Hayes and Klügl, 

but also because Hayes teaches that its injector is designed to be “simple,” and 

“compensate[s] for tolerances and shifts due to temperature and wear.”  (Ex. 1024, 

1:32-35.)  Klügl’s injector is designed with similar goals in mind.   
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E. Ground 4: Claim 28 is Obvious Over Klügl, Hayes, and Newcomb 

497. In my opinion, a POSITA would have considered Klügl, Hayes, and 

Newcomb to be within the scope of the prior art and highly relevant to the 

patentability of the ’138 patent’s claims. 

498. In my opinion, when viewed and considered in light of the knowledge 

possessed by a POSITA, Klügl, Hayes, and Newcomb together disclose all the 

limitations of and render claim 28 of the ’138 patent obvious.  

499. Claim 28 depends on claim 1 and further requires: 

“wherein said valve housing, said valve member and said actuator assembly are 

selected from materials having thermal expansion coefficients sufficiently compatible 

such that changes in the dimensional relationship between said components caused by 

changes in temperature are reduced.” 

500. As explained above, Klügl and Hayes teach everything claim 1 

requires.   

501. In my opinion, a POSITA would have considered the additional 

limitation of claim 28 to be obvious in view of the teachings of Newcomb (Ex. 1014) 

for the same reasons I have already discussed. 

502. In particular, Klügl already recognizes that an injector should be 

designed to account for the effects of wear or thermal expansion. And, Newcomb 

teaches that these effects can be further minimized by employing materials with 

compatible thermal expansion coefficients as this particular claim requires.  (See 

supra Section IX.C.) 
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F. Secondary Considerations of Non-Obviousness 

503. Based on my review of the ’138 patent’s prosecution history, I note that 

no secondary considerations of non-obviousness were identified in connection with 

the patent’s claims. 

504. I am not separately aware of any evidence of commercial success, 

skepticism, failure of others, industry praise, unexpected results, or the like.  Instead, 

as discussed above, it is my opinion that the subject matter embraced by the ’138 

patent’s claims was known in the art and would have been expected to function as a 

working fuel injector. 
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I 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 with the knowledge that willfully 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. 

Date:   

Location:   

Signature:   

  Dr. J. Matt Quinlan 
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(=CMG<L .GKLJM<LHJ >m_mkl 3127 lg >m_mkl 3129
9HDP@LMDNR IA 'IFIL<?IT'IFIL<?I 7JLDHBM- @gdgjY\g Phjaf_k- @L

5>K>:J<A ,G@BG>>J >hjad 3125 lg >m_mkl 3126
+@ILBD< -HMNDNON@ IA 8@>CHIFIBR- >ldYflY- D>

@g.Mjaf[ahYd Ffn]kla_Ylgj gf K>P> kmhhgjl]\ +YZgml 261-1110q]Yj, Y[gmkla[ k]fkaf_ af daima\
jg[c]l ]f_af] hjgb][l
A]ka_f]\- Zmadl- Yf\ l]kl]\ koajdaf_- [g.YpaYd jg[c]l afb][lgj oal` Y\bmklYZd] koajd/
A]n]dgh]\ hk]m\g.daf]Yj l][`faim]k lg YfYdqr] `a_`.Yehdalm\] Y[gmkla[ k]fkgj hgjlk

+B>K>E -M>E 6PKL>F ,G@BG>>J 3112 lg 3117
7NOLG<H -H?OMNLD@M- Cm]d Pqkl]e _jgmh- Tgg\dYf\ MYjc- @L

A]n]dgh]\ Y\nYf[]\ hjglglqh] `q\jYmda[Yddq afl]fka"]\ \a]k]d ^m]d afb][lgjk- 4111 ZYj [YhYZd]
A]n]dgh]\ Y\nYf[]\ hjglglqh] [geegf.jYad \a]k]d ^m]d afb][lgjk
MjaeYjq kljm[lmjYd YfYdqkl ^gj Cm]d Pqkl]e _jgmh
A]ka_f]\ g^ e][`Yfa[Yd [gehgf]flk Yf\ Ykk]eZda]k ^gj ^m]d kqkl]ek
@j]Yl]\ hjafl hY[cY_]k oal` _]ge]lja[ \ae]fkagfaf_ Yf\ lgd]jYf[af_ +DA)Q,
M]j^gje]\ afklYddYlagfk loa[] ^gj D]jeYf mfan]jkala]k oal` Y eYbgj YmlgegZad] eYfm^Y[lmj]j
M]j^gje]\ \qfYege]l]j Yf\ ]eakkagfk eYhhaf_
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)(9'%8-32

+H<LHJ H? 3ABEHKHIAP# >]jgkhY[] Bf_af]]jaf_
+@ILBD< -HMNDNON@ IA 8@>CHIFIBR- >ldYflY- D> A][]eZ]j 3126
Q`]kak; Ffn]kla_Ylagf g^ Ajanaf_ J][`Yfakek g^ @geZmklagf FfklYZadala]k

af Iaima\ Og[c]l Bf_af]k naY l`] AqfYea[ Jg\] A][gehgkalagf
>\nakgj; ?]f Q/ Waff
@gf[]fljYlagf; Q`]jegY[gmkla[ afklYZadalq
Jafgj; JYl`]eYla[k
Cg[mk Yj]Yk; @geZmklagf- Y[gmkla[k- nak[gmk #go- lmjZmd]f[]- Yf\ `a_`.l]eh]jYlmj] _Yk \qfYea[k
O]k]Yj[`;

A]n]dgh]\ \YlY YfYdqkak l][`faim]k lg ]ph]jae]flYddq "f\ klYZadalq \]l]jeafaf_ Cdgim]l emd.
lahda]jk ^gj kqkl]ek oal` h]jag\a[ _gn]jfaf_ ]imYlagfk
O]khgfkaZd] ^gj dYZgjYlgjq.k[Yd] ^Y[adalq [gf[]hl- \]ka_f- YfYdqkak- Yf\ \]n]dghe]fl [YhYZd] g^
]p`aZalaf_ ^mdd.k[Yd].dac] [geZmklagf afklYZadala]k
Rk]\ kmZ.k[Yd] ^Y[adalq lg klm\q e][`Yfakek l`Yl \jan] [geZmklagf afklYZadalq- af[dm\af_ l`]
Y[imakalagf Yf\ YfYdqkak g^ \YlY ^jge `a_`.kh]]\ \aY_fgkla[k
M]j^gje]\ kqf[`jgfar]\ 21 cEr LE.hdYfYj dYk]j af\m[]\ #mgj]k[]f[]- hYjla[d] aeY_] n]dg[ae].
ljq- @E*.[`]eadmeaf]k[]f[]- Yf\ Y[gmkla[ hj]kkmj] e]Ykmj]e]flk lg hjgZ] [gehd]p j]Y[laf_0
koajdaf_ #go
A]n]dgh]\ l][`faim] lg YfYdqr] \YlY ZYk]\ gf \qfYea[ eg\] \][gehgkalagf- o`a[` hj]k]jn]k
khYlaYd0l]ehgjYd j]dYlagfk`ah Z]lo]]f kqf[`jgfar]\ \aY_fgkla[k- ]pljY[laf_ [gmhd]\ \qfYea[Yd
eg\]k
Rk]\ l`] kmZ.k[Yd] ^Y[adalq- log.ea[jgh`gf] oYn] \][gehgkalagf- Yf\ j]Yd.lae] Y[lan] Y[gmkla[
aeh]\Yf[] [gfljgd lg kaemdYl] Y ^mdd.k[Yd] [geZmklagf afklYZadalq Yl Y ^j]im]f[q l`Yl ak fgl Y
fYlmjYd Y[gmkla[ ^j]im]f[q g^ l`] kqkl]e
Tjgl] Y "fal] ]d]e]fl e]l`g\ ZYk]\ [g\] lg "f\ l`] Y[gmkla[ eg\]k ^gj _]ge]lja[Yddq [gehd]p
[geZmklagf [`YeZ]jk

1:KL>JK H? 6<B>G<># J][`Yfa[Yd Bf_af]]jaf_
'IFIL<?I 7N<N@ 9HDP@LMDNR- Cgjl @gddafk- @L JYq 311:
Q`]kak; @geZmklagf PlYZadalq af ?Y%]\ Og[c]l Bf_af]k
>\nakgj; @`Yjd]k B/ Jal[`]dd
@g.>\nakgj; >ddYf Q/ HajchYlja[c
@gf[]fljYlagf; Q`]jegY[gmkla[ afklYZadalq
Ll`]j ^g[mk Yj]Yk; Pljm[lmjYd e][`Yfa[k
O]k]Yj[`;

A]n]dgh]\ Yf\ \]dan]j]\ f]o daima\ jg[c]l ]f_af] [geZmklagf klYZadalq [g\]
@g\] mk]k Y Cgmja]j eYl[`af_ l][`faim] Yddgoaf_ klYZadalq hj]\a[lagfk ^gj egj] [gehd]p [ge.
Zmklagf [`YeZ]jk
A]egfkljYl]\ YZadalq lg dg[Yl] l`] klYZadalq Zgmf\Yjq ZYk]\ gf Y fmeZ]j g^ hYjYe]l]jk af.
[dm\af_ Y[gmkla[ eg\]- ^j]im]f[q- [geZmklagf _Yaf- Yf\ [geZmklagf h`Yk]
@g\] [mjj]fldq Z]af_ mk]\ Zq [gee]j[aYd jg[c]l ]f_af] eYfm^Y[lmj]j

):<A>EHJ H? 6<B>G<># J][`Yfa[Yd Bf_af]]jaf_
'IFIL<?I 7N<N@ 9HDP@LMDNR- Cgjl @gddafk- @L JYq 3112

@g.@YhlYaf CP>B CgjemdY [Yj l]Ye- 3111s3112
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49&0-'%8-327 ! 4%8)287

5>?>J>>= /HMJG:EK
P[`ea\l- B/ J/- 5ODHF<H" .# 1#- Yf\ Omff]dk- ?/ XP]d^.kaeadYj Aa!mk] ?gmf\Yjq J]l`g\ ^gj
M`Yk] ?gmf\Yjq Ajan]f Cdgo-( >KZTLFT QI 8NVLGT- Sgd/ 45- Kg- 22- 3133/
HYfY_jYYbYf- ?/- 5ODHF<H" .# 1#- ?gbcg- ?/- Yf\ Omff]dk- ?/ X> Aa!mk] Ffl]j^Y[] J]l`g\
^gj Pgda\.M`Yk] Jg\]daf_ g^ O]_j]kkagf ?]`Ynagj af Pgda\ @gehgkal] Mjgh]ddYflk-( 5QOEVTULQP
DPG 8NDOH Sgd/ 353- 3133/
>dkmdYea- O/- Im[Yk- P/- EY_]eYf- J/- HfY\d]j- J/- 5ODHF<H" .# 1#- Yf\ Taf\ge- ?/-
X@gmhdaf_ B!][lk g^ M`qka[Yd Yf\ @`]ea[Yd Mjgh]jla]k gf G]l Cm]d PhjYq CdYe] ?dgogml-(
>SQFHHGLPJT QI UKH 5QOEVTULQP :PTULUVUH Sgd/ 49- Kg/ 3- 3132
5ODHF<H" .# 1#- Yf\ Waff- ?/ Q/ XA]n]dghe]fl Yf\ AqfYea[Yd >fYdqkak g^ IYZgjYlgjq
CY[adalq Bp`aZalaf_ Cmdd.P[Yd] @geZmklagf FfklYZadalq @`YjY[l]jakla[k-( 3:33 ;QVSPDN- Sgd 66-
Kg/ 23- 3128/
Be]jkgf- ?/- GY_lYh- P/- 5ODHF<H" .# 1#- O]f^jg- J/ T/- @]l]_]f- ?/ J/- Ia]mo]f- Q/ XPlY.
Zadalq >fYdqkak g^ O]Y[laf_ TYc]k; Cdgo Yf\ A]fkalq >kqee]ljq B!][lk-( >KZTLFT QI 8NVLGT-
Sgd/ 39- Kg/ 5- 3127/
5ODHF<H" .# 1#- HajchYlja[c- >/- JadYfg- A/- Jal[`]dd- @/ B/- Yf\ Eaf]jeYf- Q/ A/ X>fYdqla[Yd
Yf\ Kme]ja[Yd A]n]dghe]fl g^ Y ?Y%]\ Iaima\ Og[c]l @geZmklagf PlYZadalq @g\]-( ;QVSPDN
QI >SQRVNTLQP DPG >QXHS- Sgd/ 39- Kg/ 2- 3123/

8%6% 3:L>GLK
9-733-96: s Pqkl]ek Yf\ e]l`g\k ^gj `qZja\arYlagf g^ Y eglgj n]`a[d] mkaf_ `q\jYmda[ [gehg.
f]flk s 3125

hYl]flaeY_]k/klgjY_]/_gg_d]Yhak/[ge0:902302:0Z62:7387128Y5Y0RP973396:/h\^

9-477-129 s Lad afl]fka"]\ [geegf jYad afb][lgjk s 3124
hYl]flaeY_]k/klgjY_]/_gg_d]Yhak/[ge0Z[0Z^02608^7Y^595[5[77:0RP9477129/h\^

9-393-131 s Q`j]].oYq nYdn]k Yf\ ^m]d afb][lgjk mkaf_ l`] kYe] s 3123
hYl]flaeY_]k/klgjY_]/_gg_d]Yhak/[ge02903805\0Z54^]84Z81YZ750RP9393131/h\^

8-792-6:3 s Q`j]].oYq hghh]l nYdn]k oal` #gYlaf_ k]Yl s 3121
hYl]flaeY_]k/klgjY_]/_gg_d]Yhak/[ge031081044035\^\61Y[:Z6]10RP87926:3?3/h\^

/HMJG:E 1:GMK<JBILK BG 3J>I:J:LBHG HJ 5>NB>O
-HJ <MJJ>GL IJ>IJBGLK NBKBL OOO%J>K>:J<A@:L>%G>L&IJH!E>&1:LL$4MBGE:G

5ODHF<H" .# 1# XMYjYe]lja[ @geZmklagf FfklYZadala]k-( 3:33 ;QVSPDN/
5ODHF<H" .# 1# XAYlY ?Yk]\ >fYdqkak g^ M]jag\a[ M`]fge]fY; Cdgim]l Q`]gjq Bpl]f\]\
AqfYea[ Jg\] A][gehgkalagf-( ;QVSPDN QI 8NVLG <HFKDPLFT/

*HG?>J>G<> 3:I>JK
AYq- G/- 5ODHF<H" .# 1# XJg\]daf_ Kgfdaf]Yj >[gmkla[ AYehaf_ Am] lg Cdgo P]hYjYlagf-(
*1,SG <HHULPJ QI UKH 3FQVTULFDN @QFLHUZ QI 3OHSLFD/ Sgd/ 2hB>9- KYk`nadd]- Q]ff]kk]]- 3133/
P[`ea\l- B/ J/- 5ODHF<H" .# 1#- Omff]dk- ?/ X> P]d^.PaeadYj Aa!mk] Ffl]j^Y[] J]l`g\ ^gj
Y OglYlaf_ >ZdYlaf_ @qdaf\]j-( 0.UK <HHULPJ QI UKH 3OHSLFDP >KZTLFDN @QFLHUZ\6LWLTLQP QI
8NVLG 6ZPDOLFT/ Sgd/ W27/18- Ff\aYfYhgdak- Ff\aYfY- 3133/
5ODHF<H" .# 1# XMYjYe]lja[ @geZmklagf FfklYZadala]k-( 3:33 @FLHPFH DPG AHFKPQNQJLHT 8Q'
SVO DPG 7YRQTLULQP/ Sgd/ >F>>.3133.2968- PYf Aa]_g- @Yda^gjfaY- 3133/
P[`ea\l- B/ J/- 5ODHF<H" .# 1#- Yf\ Omff]dk- ?/ XAa!mk] Ffl]j^Y[] J]l`g\ ^gj @gmhdaf_ g^
Pgda\ Yf\ DYk]gmk M`Yk]k af Y 2A S]ja"[Ylagf MjgZd]e ^gj @geZmklagf g^ >M0EQM?-( 3:33
@FLHPFH DPG AHFKPQNQJLHT 8QSVO DPG 7YRQTLULQP/ Sgd/ >F>>.3133.32:7- PYf Aa]_g- @Yda^gjfaY-
3133/
AYq- G/ >/- BjYrg MYhY_Yqg- P/- Yf\ 5ODHF<H" .# 1# X?Y%] ?dY\] >[gmkla[ AYehaf_-( 3:33
>SQRVNTLQP DPG 7PHSJZ 8QSVO/ Sgd/ >F>>.3132.4684- A]fn]j- @gdgjY\g- 3132/
BjYrg MYhY_Yqg- P/- AYq- G/ >/- DYe]jlk^]d\]j- G/ - H`Yj]- M/- Yf\ 5ODHF<H" .# 1# XMafld]
Ffb][lgj PhjYq >lgearYlagf; Iaima\ P`]]l ?j]Ycmh NmYfla"[Ylagf-( 3:33 >SQRVNTLQP DPG
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7PHSJZ 8QSVO/ Sgd/ >F>>.3132.4741- A]fn]j- @gdgjY\g- 3132/
O]`d- >/- 5ODHF<H" .# 1#- P[YjZgjgm_`- A/- Yf\ Waff- ?/ Q/ XKgfdaf]Yj >[gmkla[ O]khgfk]
g^ PlYf\.L! QmZ]k Rk]\ af >[gmkla[ Mj]kkmj] J]Ykmj]e]flktMYjl F; Bph]jae]flYd Plm\q-(
*0)UK <HHULPJ QI UKH 3FQVTULFDN @QFLHUZ QI 3OHSLFD/ Sgd/ 3MB>5- GY[ckgfnadd]- Cdgja\Y- 3126/
5ODHF<H" .# 1#- P[YjZgjgm_`- A/- O]`d- >/- Yf\ Waff- ?/ Q/ XKgfdaf]Yj >[gmkla[ O]khgfk] g^
PlYf\.L! QmZ]k Rk]\ af >[gmkla[ Mj]kkmj] J]Ykmj]e]flktMYjl FF; >fYdqkak-( *0)UK <HHULPJ
QI UKH 3FQVTULFDN @QFLHUZ QI 3OHSLFD/ Sgd/ 3MB>6- GY[ckgfnadd]- Cdgja\Y- 3126/
AYeauYg- >/- 5ODHF<H" .# 1#- Hae- V/ G/- Yf\ Waff- ?/ Q/ XA]l]jeafYlagf g^ @geZmklagf
PlYZadalq JYj_af Rkaf_ l`] Cadl]j AaY_gfYdarYlagf J]l`g\-( .*TU 3:33(3@<7(@37(3@77
;QLPU >SQRVNTLQP 5QPIHSHPFH DPG 7YKLELU/ Sgd/ >F>>.3126.512:- LjdYf\g- Cdgja\Y- 3126/
5ODHF<H" .# 1#- Yf\ Waff- ?/ Q/ XQjYfkn]jk] @geZmklagf FfklYZadala]k; Jg\]jf Bph]jae]flYd
Q][`faim]k Yf\ >fYdqkak-( .)UK 3:33(3@<7(@37(3@77 ;QLPU >SQRVNTLQP 5QPIHSHPFH DPG
7YKLELU/ Sgd/ >F>>.3125.4793- @d]n]dYf\- L`ag- 3125/
5ODHF<H" .# 1#- Yf\ Waff- ?/ Q/ XPaemdYlaf_ Cmdd.P[Yd] QjYfkn]jk] @geZmklagf FfklYZada.
la]k af Y IYZ.k[Yd] CY[adalq-( -2UK 3:33(3@<7(@37(3@77 ;QLPU >SQRVNTLQP 5QPIHSHPFH DPG
7YKLELU/ Sgd/ >F>>.3124.512:- PYf Ggk]- @Yda^gjfaY- 3124/
?aZac- >/ S/- ImZYjkcq- B/- 5ODHF<H" .# 1#- P`[`]jZac- A/- Yf\ Waff- ?/ Q/ X@gfljgd g^
QYf_]flaYd @geZmklagf FfklYZadalq Zq >kqee]lja[ ?Y%]-( 5SLULFDN >KHPQOHPD VPGHS 7YUSHOH
:ORDFU $5>B7:'+)*+%- H`Yjcgn- RcjYaf]- 3123/
5ODHF<H" .# 1#- ?aZac- L/- Yf\ Waff- ?/ Q/ XBph]jae]flYd Yf\ Kme]ja[Yd @geZmklagf FfklY.
Zadalq Jg\]k af >kqee]lja[ ?Y%]\ @`YeZ]jk-( -/UK 3:33(3@<7(@37(3@77 ;QLPU >SQRVN'
TLQP 5QPIHSHPFH DPG 7YKLELU/ Sgd/ >F>>.3121.7913- KYk`nadd]- Q]ff]kk]]- 3121/
5ODHF<H" .# 1#- HajchYlja[c- >/- JadYfg- A/- Jal[`]dd- @/ B/- Yf\ Eaf]jeYf- Q/ A/ X>fYdqla[Yd
Yf\ Kme]ja[Yd A]n]dghe]fl g^ Y ?Y%]\ Iaima\ Og[c]l @geZmklagf PlYZadalq @g\]-( -.UK
3:33(3@<7(@37(3@77 ;QLPU >SQRVNTLQP 5QPIHSHPFH DPG 7YKLELU/ Sgd/ >F>>.311:.5976-
A]fn]j- @gdgjY\g- 311:/
JadYfg- A/- 5ODHF<H" .# 1#- HajchYlja[c- >/- Jal[`]dd- @/ B/- Yf\ Eaf]jeYf- Q/ A/ X@gehm.
lYlagf g^ >[gmkla[ Lk[addYlagfk Yf\ @geZmklagf PlYZadalq af Y Og[c]l Bf_af] oal` @geZaf]\
EmZ0?dY\] ?Y%]k-( -.UK 3:33(3@<7(@37(3@77 ;QLPU >SQRVNTLQP 5QPIHSHPFH DPG 7YKLELU/
Sgd/ >F>>.311:.5977 A]fn]j- @gdgjY\g- 311:/
Tgdn]jlgf- J/ >/- Dagj\Yfg- A/- 5ODHF<H" .# 1#- Yf\ Wmcgmkca- O/ XBnYdmYlagf g^ Y 4.TYq
Aaj][l K]]\d] @gfljgd Rfal Ffb][lgj gf Eq\jYmda[ Q]kl ?]f[` Yf\ S9 Bf_af]-( +))- @37
CQSNG 5QPJSHTT/ Sgd/ P>B.3115.12.1135- A]ljgal- Ja[`a_Yf- 3115/

7:EDK
5ODHF<H" .# 1# XPoajdaf_ CdYe]k Yf\ Cdgim]l Jmdlahda]jk; MYjYe]lja[ @geZmklagf FfklYZad.
ala]k-( :PWLUHG UDNM\6HRDSUOHPU QI <HFKDPLFDN 7PJLPHHSLPJ& 5QNQSDGQ @UDUH BPLWHSTLUZ- Cgjl
@gddafk- @gdgjY\g- GYfmYjq 3133/
5ODHF<H" .# 1# X@geZmklagf FfklYZadala]k Yf\ Kgfdaf]Yj >[gmkla[ AYehaf_-( :PWLUHG UDNM\
<37 ?HTHDSFK @HOLPDS& BPLWHSTLUZ QI 5QNQSDGQ[5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_- @gdgjY\g-
L[lgZ]j 3132/
5ODHF<H" .# 1# X@geZmklagf FfklYZadala]k Yf\ Kgfdaf]Yj >[gmkla[ AYehaf_-( :PWLUHG UDNM\
<37 ?HTHDSFK @HOLPDS& BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_- @gd.
gjY\g- L[lgZ]j 3131/
5ODHF<H" .# 1# XDdgZYd SYjaYlagfYd J]l`g\k; Kme]ja[Yd >hhjgpaeYlagfk ^gj Lj\afYjq Aa^.
^]j]flaYd BimYlagfk-( :PWLUHG UDNM\5QORVUDULQPDN @FLHPFH # 7PJLPHHSLPJ @HOLPDS& BPLWHSTLUZ
QI 5QNQSDGQ[5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_- @gdgjY\g- Gmdq 312:/
5ODHF<H" .# 1# XPoajdaf_ CdYe]k Yf\ Cdgim]l Jmdlahda]jk; MYjYe]lja[ @geZmklagf FfklY.
Zadala]k-( :PWLUHG UDNM\6HRDSUOHPU QI <HFKDPLFDN DPG 3HSQTRDFH 7PJLPHHSLPJ& BPLWHSTLUZ QI
5QNQSDGQ[5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_- @gdgjY\g- JYj[` 312:/
5ODHF<H" .# 1#- Hae- V/ G/- AYeauYg- >/- VYf_- S/- Waff- ?/ Q/ XQ`]gj]la[Yd- Kme]ja[Yd- Yf\
Bph]jae]flYd Ffn]kla_Ylagfk g^ l`] Cmf\Ye]flYd Mjg[]kk]k l`Yl Ajan] @geZmklagf FfklYZada.
la]k af Iaima\ Og[c]l Bf_af]k-( 3LS 8QSFH ="FH QI @FLHPUL!F ?HTHDSFK $38=@?% +)*. @RDFH
>SQRVNTLQP DPG >QXHS 5QPUSDFUQST <HHULPJ- >jdaf_lgf- Saj_afaY- 3126/
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5ODHF<H" .# 1#- Hae- V/ G/- AYeauYg- >/- VYf_- S/- Waff- ?/ Q/- IYo- @/ H/ XQ`]gj]la[Yd-
Kme]ja[Yd- Yf\ Bph]jae]flYd Ffn]kla_Ylagfk g^ l`] Cmf\Ye]flYd Mjg[]kk]k l`Yl Ajan] @ge.
Zmklagf FfklYZadala]k af Iaima\ Og[c]l Bf_af]k-( ASLTHSWLFH 4DTLF @FLHPFH 7PHSJHULF <DUHSLDNT
>SQJSDO ?HWLHX- >jdaf_lgf- Saj_afaY- 3125/
5ODHF<H" .# 1#- Hae- V/ G/- AYeauYg- >/- VYf_- S/- Waff- ?/ Q/- IYo- @/ H/ XQ`]gj]la[Yd-
Kme]ja[Yd- Yf\ Bph]jae]flYd Ffn]kla_Ylagfk g^ l`] Cmf\Ye]flYd Mjg[]kk]k l`Yl Ajan] @geZmk.
lagf FfklYZadala]k af Iaima\ Og[c]l Bf_af]k-( 3LS 8QSFH ="FH QI @FLHPUL!F ?HTHDSFK $38=@?%
+)*, @RDFH >SQRVNTLQP DPG >QXHS 5QPUSDFUQST <HHULPJ- >jdaf_lgf- Saj_afaY- 3124/
5ODHF<H" .# 1#- Hae- V/ G/- ?Yjgf[]dda- J/- AmealjY[`]- @/- Waff- ?/ Q/ XA]n]dghe]fl L^
>[lan]dq @gfljgdd]\ IOB PaemdYlgj +>@IOBP, Oa_-( 3LS 8QSFH ="FH QI @FLHPUL!F ?HTHDSFK
$38=@?% +)*+ @RDFH >SQRVNTLQP DPG >QXHS 5QPUSDFUQST <HHULPJ- >jdaf_lgf- Saj_afaY- 3123/

,32367

(O:J=' >Z] WYj]e DjY\mYl] >oYj\ Cgj Aaklaf_mak`]\ >[`a]n]e]flt>kljgfYmla[k 3133
%-%%

>\nak]]- Ggk]h` AYq ogf l`ak fYlagfYd YoYj\ ^gj hYh]j hj]k]fl]\ Yl Y >F>> Plm\]fl @gf.
^]j]f[]/ Ggk]h` oYk YoYj\]\ Y ^mf\]\ ljah lg l`] 3134 >F>> P[aQ][` Cgjme Yf\ Bphgkalagf
lg Y[[]hl l`] YoYj\ Yf\ Y ljah lg hj]k]fl `ak ogjc Yl l`] 3133 Ffl]jfYlagfYd >kljgfYmla[Yd
@gf_j]kk af MYjak/ ooo/YaYY/gj_0_]l.afngdn]\0`gfgjk.YoYj\k0YoYj\k0YoYj\0YoYj\.YZ].rYj
]e._jY\mYl].YoYj\.^gj.\aklaf_mak`]\.Y[`a]n]e]fl.YkljgfYmla[k

->EEHOKABI' >aj Cgj[] O]k]Yj[` IYZ Pmee]j CY[mdlq C]ddgok`ah 3133
%*376

>hhgafl]\ Yk Y ^]ddgo Yl l`] RP>C> lg h]j^gje j]k]Yj[` kaemdYlaf_ \]lgfYlagfk ^gj Yhhda[Ylagf
lg jglYlaf_ \]lgfYlagf ]f_af]k< _jYfl j][]an]\ oal` klm\]fl PYflaY_g BjYrg ^gj kmee]j j]k]Yj[`

->EEHOKABI' R@@P Rf\]j_jY\mYl] O]k]Yj[` >[Y\]eq 3133
9HDP@LMDNR IA 'IFIL<?IS'IFIL<?I 7JLDHBM

O]k]Yj[` _jYfl j][]an]\ oal` mf\]j_jY\mYl] klm\]fl Amf[Yf P[`dm]l]j ^gj kmee]j j]k]Yj[`

->EEHOKABI' R@@P Rf\]j_jY\mYl] O]k]Yj[` >[Y\]eq 3132
9HDP@LMDNR IA 'IFIL<?IS'IFIL<?I 7JLDHBM

O]k]Yj[` _jYfl j][]an]\ oal` mf\]j_jY\mYl] klm\]fl PYjY` @`Yf[]ddgj ^gj kmee]j j]k]Yj[`

->EEHOKABI' >aj Cgj[] O]k]Yj[` IYZ Pmee]j CY[mdlq C]ddgok`ah 3131
%*376

>hhgafl]\ Yk Y ^]ddgo Yl l`] RP>C> lg h]j^gje j]k]Yj[` gf [geZmklagf \aY_fgkla[k ^gj egfg.
hjgh]ddYfl- hafld] afb][lgjk ^gj nYjagmk daima\k< _jYfl j][]an]\ oal` klm\]fl Ggk]h` AYq ^gj
kmee]j j]k]Yj[`

->EEHOKABI' R@@P Rf\]j_jY\mYl] O]k]Yj[` >[Y\]eq 312:
9HDP@LMDNR IA 'IFIL<?IS'IFIL<?I 7JLDHBM

O]k]Yj[` _jYfl j][]an]\ oal` mf\]j_jY\mYl] klm\]fl Ggk]h` AYq ^gj kmee]j j]k]Yj[`

->EEHOKABI' R@@P B>P Rf\]j_jY\mYl] O]k]Yj[` P[`gdYjk Mjg_jYe 312:
9HDP@LMDNR IA 'IFIL<?IS'IFIL<?I 7JLDHBM

O]k]Yj[` _jYfl j][]an]\ oal` mf\]j_jY\mYl] klm\]fl Ggk]h` AYq

6<AHE:JKABI' @geZmklagf Bf]j_q Cjgfla]j O]k]Yj[` @]fl]jtPmee]j P[`ggd 3123
4LDH>@NIH 9HDP@LMDNR- Mjaf[]lgf- KG
@geZmklagf Q`]gjq Yf\ Ffl]jfYd @geZmklagf Bf_af]k

6<AHE:JKABI' @geZmklagf Bf]j_q Cjgfla]j O]k]Yj[` @]fl]jtPmee]j P[`ggd 3122
4LDH>@NIH 9HDP@LMDNR- Mjaf[]lgf- KG
@geZmklagf Q`]gjq Yf\ @geZmklagf @`]eakljq
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4LDH>DJF@M IA 'IG=OMNDIH +^mdd j]khgfkaZadalq ^gj [gmjk]tDjY\, CYdd 3133
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

'IHNLIF IA %@LI# <H? 1@>C# 7RMN@GM +^mdd j]khgfkaZadalq ^gj [gmjk], CYdd 3133
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

'IGJL@MMD=F@ *FIQ +^mdd j]khgfkaZadalq ^gj [gmjk]tDjY\, Phjaf_ 3133
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

'IHNLIF IA %@LI# <H? 1@>C# 7RMN@GM +^mdd j]khgfkaZadalq ^gj [gmjk], Phjaf_ 3133
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

6I>E@N 4LIJOFMDIH +^mdd j]khgfkaZadalq ^gj [gmjk]tDjY\, CYdd 3132
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

'IHNLIF IA %@LI# <H? 1@>C# 7RMN@GM +^mdd j]khgfkaZadalq ^gj [gmjk], CYdd 3132
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

-H>IGJL@MMD=F@ *FIQ +^mdd j]khgfkaZadalq ^gj [gmjk]tDjY\, Phjaf_ 3132
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

)HBDH@@LDHB 8C@LGI?RH<GD>M -- +^mdd j]khgfkaZadalq ^gj [gmjk], Phjaf_ 3132
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

)HBDH@@LDHB 8C@LGI?RH<GD>M -- +^mdd j]khgfkaZadalq ^gj [gmjk]tlog k][lagfk, CYdd 3131
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

4LDH>DJF@M IA 'IG=OMNDIH +^mdd j]khgfkaZadalq ^gj [gmjk]tDjY\, Phjaf_ 3131
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

)HBDH@@LDHB 8C@LGI?RH<GD>M -- +^mdd j]khgfkaZadalq ^gj [gmjk]tlog k][lagfk, CYdd 312:
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

'IHNLIF IA %@LI# <H? 1@>C# 7RMN@GM +^mdd j]khgfkaZadalq ^gj [gmjk], Pmee]j 312:
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

1<>CDH@ (@MDBH - +^mdd j]khgfkaZadalq ^gj [gmjk], Phjaf_ 3129
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

1<N@LD<FM )HBDH@@LDHB +^mdd j]khgfkaZadalq ^gj [gmjk], Phjaf_ 3129
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

)HBDH@@LDHB 1@<MOL@G@HN 0<= +^mdd j]khgfkaZadalq ^gj [gmjk], Phjaf_ 3129
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

1<>CDH@ (@MDBH - +^mdd j]khgfkaZadalq ^gj [gmjk]tlog k][lagfk, CYdd 3129
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

)HBDH@@LDHB 1@>C<HD>M - +^mdd j]khgfkaZadalq ^gj [gmjk], CYdd 3129
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

)HBDH@@LDHB 1@<MOL@G@HN 0<= +^mdd j]khgfkaZadalq ^gj [gmjk], CYdd 3129
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

'IHNLIF IA %@LI# <H? 1@>C# 7RMN@GM +^mdd j]khgfkaZadalq ^gj [gmjk], Pmee]j 3129
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

0DKOD? 6I>E@N )HBDH@M$ *OH?<G@HN<FM <H? +L@@H 4LIJ@FF<HNM Pmee]j 3129
3:33 ;QLPU >SQRVNTLQP 5QPIHSHPFH @KQSU 5QVSTH- @af[affYla- LE
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'IHNLIF IA %@LI# <H? 1@>C# 7RMN@GM +^mdd j]khgfkaZadalq ^gj [gmjk], Phjaf_ 3129
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

)HBDH@@LDHB 8C@LGI?RH<GD>M -- +^mdd j]khgfkaZadalq ^gj [gmjk], Phjaf_ 3128
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

)HBDH@@LDHB 1@>C<HD>M -- +^mdd j]khgfkaZadalq ^gj [gmjk], CYdd 3127
BPLWHSTLUZ QI 5QNQSDGQ\5QNQSDGQ @RSLPJT- @gdgjY\g Phjaf_k- @L

-HNLI?O>NDIH NI 8C@LG<F 7>D@H>@M +^mdd j]khgfkaZadalq ^gj [gmjk], Pmee]j 3119
5QNQSDGQ @UDUH BPLWHSTLUZ- Cgjl @gddafk- @L

7>:<ABG@ (KKBKL:GL s 1@>C<HD>M <H? 8C@LGI?RH<GD>M IA *FIQ 4LI>@MM@M CYdd 3119
5QNQSDGQ @UDUH BPLWHSTLUZ- Cgjl @gddafk- @L

1>GLHJBG@ s Rf\]j_jY\mYl] Yf\ DjY\mYl] Plm\]flk 3121 lg 3126
9HQSJLD :PTULUVUH QI AHFKPQNQJZ- >ldYflY- D>

J]flgj]\ gf] M`A klm\]flthjaeYjq kmh]jnakgj g^ `ak j]k]Yj[`
J]flgj]\ log JYkl]jk klm\]flk- Zgl` o]fl gf lg hmjkm] \g[lgjYd \]_j]]k
Pmh]jnak]\ mf\]j_jY\mYl] j]k]Yj[` oal` emdlahd] klm\]flk ^gj emdlahd] k]e]kl]jk

(-77)68%8-32 %2( 8,)7-7 '311-88))7

*HFFBLL>> F>F;>J 3133
P]Yf @gm_`]fgmjtJYkl]jk g^ P[a]f[] af J][`Yfa[Yd Bf_af]]jaf_
XA]ka_f Yf\ SYda\Ylagf g^ Y Ja[jgZmZZd] I]nalYlagf @`YeZ]j Rkaf_ Yf >[gmkla[ Sgjl]p ?]Ye(
9HDP@LMDNR IA 'IFIL<?IT'IFIL<?I 7JLDHBM- @gdgjY\g Phjaf_k- @L

*HFFBLL>> F>F;>J 3133
>f\j]o DaZkgftJYkl]jk g^ P[a]f[] af J][`Yfa[Yd Bf_af]]jaf_
X>hhda[Ylagf g^ HggheYf Iaf]Yj NmY\jYla[ O]_mdYlgj lg l`] @gfljgd g^ Y Ph`]ja[Yd Ja[jgZmZZd](
9HDP@LMDNR IA 'IFIL<?IT'IFIL<?I 7JLDHBM- @gdgjY\g Phjaf_k- @L

*HFFBLL>> F>F;>J 3132
AYffq MYj]\]ktJYkl]jk g^ P[a]f[] af J][`Yfa[Yd Bf_af]]jaf_
XFfnak[a\ Cdgo MYkl @Yfgfa[Yd ?g\a]k(
9HDP@LMDNR IA 'IFIL<?IT'IFIL<?I 7JLDHBM- @gdgjY\g Phjaf_k- @L

*HFFBLL>> F>F;>J 3131
Idm'&k ReZ]jl >eYltJYkl]jk g^ P[a]f[] af J][`Yfa[Yd Bf_af]]jaf_
XQ]l`]j]\ >]jgZjYcaf_ A]ka_f ^gj O]h]YlYZd] JYf]mn]jk(
9HDP@LMDNR IA 'IFIL<?IT'IFIL<?I 7JLDHBM- @gdgjY\g Phjaf_k- @L
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*HFFBLL>>K
Q][`fa[Yd Aak[ahdaf] @g.@`Yajt>F>> P[aQ][` Iaima\ Mjghmdkagf Q][`fa[Yd @geeall]] 3134
J]eZ]jtR@@P @O@T P]]\ DjYfl O]na]o @geeall]] 3133
Q][`fa[Yd Aak[ahdaf] @`Yajt>F>> P[aQ][` Iaima\ Mjghmdkagf Q][`fa[Yd @geeall]] 3133
J]eZ]jt>F>> Iaima\ Mjghmdkagf Q][`fa[Yd @geeall]] 3126s3133

S B\m[Ylagf PmZ[geeall]]
S E]dh]\ \]n]dgh Yf\ l]Y[` [gfl]fl ^gj jg[c]l hjghmdkagf k`gjl [gmjk]
S @`Yaj]\ l][`fa[Yd k]kkagfk

J]eZ]jtR@@P >]jgkhY[] ?P0JP A]_j]] @geeall]] 3132s3133
J]eZ]jtR@@P FK@IFKB +kmh]j[gehml]j, JYfY_]e]fl @geeall]] 3131s3133
J]eZ]jtR@@P J>B DjY\mYl] @geeall]] 312:s3133
J]eZ]jtR@@P J>B Ffkljm[lgj Eajaf_ @geeall]] 312:s3131
Sgdmfl]]j j]na]o]jtafl]jna]o]\ [Yf\a\Yl]k ^gj l`] 3131 D]gj_aY Q][` Mj]ka\]fl*k P[`gdYjk
Mjg_jYe +^gmj.q]Yj- ^mdd.ja\] k[`gdYjk`ah ^gj l`] lgh af[geaf_ klm\]fl, Yf\ gmj j][gee]f\]\
klm\]fl oYk k]d][l]\ ^gj l`] YoYj\ 3131
J]eZ]jtR@@P J>B @mjja[mdme @geeall]] 3129s312:
J]eZ]jt>P> Bf_af]]jaf_ >[gmkla[k Q][`fa[Yd @geeall]] 3127s3129
J]eZ]jt>]jgkhY[] Bf_af]]jaf_ @geZmklagf IYZgjYlgjq0@YjZgf.K]mljYd Bf]j_q Pgdmlagfk
IYZgjYlgjq PY^]lq @geeall]] 3123s3126

E]dh]\ \]n]dgh Yf\ aehd]e]fl ^gjeYd PY^]lq O]na]o Mjg[]kk hdYf lg ]fkmj] kY^] gh]jYlagf
g^ dYZgjYlgjq ^Y[adala]k Yf\ ]ph]jae]flk

J]eZ]jt@geZmklagf IYZgjYlgjq Igf_ Q]je MdYffaf_ @geeall]] 3125
E]dhaf_ ^gjemdYl] Y 21.q]Yj hdYf ^gj l`] \aj][lagf g^ l`] dYZgjYlgjq

>\nakgjt>]jgkhY[] Bf_af]]jaf_ JYfm^Y[lmjaf_ Yf\ Mjglglqhaf_ CY[mdlq QYkc Cgj[] 3125
O][gee]f\]\ ]imahe]fl Yf\ h]jkgff]d l`Yl k`gmd\ Z] YnYadYZd] lg klm\]flk lg hjgh]jdq
d]Yjf YZgml eYfm^Y[lmjaf_ hjg[]kk]k Yf\ [geemfa[Ylagf

J]eZ]jt>]jgkhY[] Bf_af]]jaf_ @geZmklagf IYZgjYlgjq @YdaZjYlagf @geeall]] 3124
@geeall]] hjghgk]\ ]imahe]fl Yf\ hjg[]kk]k lg hjgh]jdq [YdaZjYl] l`] egkl [geegfdq
mk]\ e]Ykmj]e]flk af l`] dYZgjYlgjq

J]eZ]jtMYjla[d] FeY_] S]dg[ae]ljq Bjjgj >fYdqkak Djgmh 3122s3123
Djgmh gj_Yfar]\ lg klm\q Yf\ Yll]ehl lg imYfla^q l`] d]n]d Yf\ kgmj[]k g^ ]ph]jae]flYd
]jjgj

3>>J 5>NB>O
O]na]o]jt@geZmklagf Yf\ CdYe] 3133
O]na]o]jt>F>> P[aQ][` Cgjme 3133
O]na]o]jt>F>> Mjghmdkagf ) Bf]j_q @gf^]j]f[] 3127s3132
O]na]o]jtGgmjfYd g^ Mjghmdkagf Yf\ Mgo]j 3126- 3132
O]na]o]jt>F>> GgmjfYd 312:
O]na]o]jtGgmjfYd g^ l`] >[gmkla[Yd Pg[a]lq g^ >e]ja[Y 3129
O]na]o]jt>PJB QmjZg Bphg; QmjZaf] Q][`fa[Yd @gf^]j]f[] 3126- 3128- 3129- 312:
O]na]o]jt>@P MOC _jYflk 3131

2J@:GBQ:LBHGK
Lj\]j g^ l`] Bf_af]]j
>e]ja[Yf Ffklalml] g^ >]jgfYmla[k Yf\ >kljgfYmla[k
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7/-007

*>JLB!<:LBHGK' MYkk]\ Cmf\Ye]flYdk g^ Bf_af]]jaf_ BpYeafYlagf s 3111
NmYda"]\ lg lYc] Mjg^]kkagfYd Bf_af]]jaf_ da[]fkaf_ ]pYe

3JH@J:FBG@ 0:G@M:@>K " 6H?LO:J>' CgjljYf- Mql`gf- GmdaY- Dal- @JYc]- IYQ]U- JYhd]- JYldYZ-
Q][hdgl- @`]ecaf- @gkegk +kljm[lmjYd CB>,- >ZYimk +kljm[lmjYd CB>,- JYl`[Y\- Oa[Yj\g
TYn] +]f_af] kaemdYlagf,- Cdm]fl +@CA,- Pgda\Tgjck- RZmflm- Yf\ Ja[jgkg^l L$[]

-:;JB<:LBHG' @K@ eY[`afaf_- BAJ eY[`afaf_- eaddaf_- lmjfaf_- ^gj_af_- _jaf\af_- \aYegf\ lggdaf_-
]f_af] Zmad\af_- JFD- QFD- Yf\ Yj[ o]d\af_- afb][lagf egd\af_- nY[mme0hj]kkmj] [Yklaf_- e]lYd
eYljap [gehgkal]k- eYl]jaYd k]d][lagfk- `]Yl lj]Ylaf_- Yf\ [YjZgf "Z]j [gehgkal]k

);86%'966-'90%6 %'8-:-8-)7

2ML=HHJ ,GLAMKB:KL
@daeZ]\ Jgmfl OYaf]j- Gmdq 3116
@gehd]l]\ Feg_]f] MYkk Omf l`j]] lae]k +28/2 ead]k Yf\ gn]j 6-111 ^]]l ]d]nYlagf _Yaf,

(NB= 3AHLH@J:IA>J
35 q]Yjk ]ph]ja]f[] \]n]dghaf_ "de Yf\ h`glg_jYh`k af h]jkgfYd \Yjcjgge
DYdd]jq Sakalgjk* @`ga[] >oYj\ \mjaf_ 3118 X>dl]jfYlan] Mjg[]kk]k( k`go Yl fYlagfYddq cfgof
@]fl]j ^gj Caf] >jl M`glg_jYh`q
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