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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE PATENT TRIAL AND APPEAL BOARD 

 
______________________________ 
 
PRECISION PLANTING LLC, 
 

Petitioner,     U.S. Patent No. 8,770,121 
 

v.    IPR Case No.: IPR2024-00008 
 

MASCHIO GASPARDO S.p.A., 
 

Patent Owner 
______________________________ 
 

DECLARATION OF HARRY DANKOWICZ, PH.D. 
 

I, Harry Dankowicz, declare as follows: 

I. INTRODUCTION 

1. I have been retained as an independent expert consultant on behalf of 

Patent Owner MASCHIO GASPARDO S.p.A. (“Maschio”) in this Inter Partes 

Review proceeding (“IPR”) before the Patent Trial and Appeal Board (“Board” or 

“PTAB”) of the United States Patent and Trademark Office (“PTO”) regarding U.S. 

Patent No. 8,770,121 (“the ‘121 patent”) (Exhibit 1001 to the Petition which is Paper 

No. 2).1 I am being compensated for the time I spend on this matter, in addition to 

 
1 In this Declaration, I reference documents by the exhibit or paper numbers that I 

understand have been attached to them in this IPR.  
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expenses. My compensation in this case 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 interest in this proceeding.  

2. In particular, I have been asked to consider, and provide my opinion 

regarding, whether the alleged prior art references cited in this proceeding disclose 

or suggest the features recited in claims 1-5, 7-14, and 16 of the ‘121 patent, which 

I understand PRECISION PLANTING LLC (“Petitioner” or “Precision”) has 

challenged in this IPR. In my view, the alleged prior art references do neither. This 

Declaration is based on the information currently available to me. To the extent that 

additional information becomes available, I reserve the right to continue my 

investigation and study, which may include review of documents and information 

that may be produced, as well as testimony from depositions that have not yet taken 

place. My opinions are set forth below.  

II. BACKGROUND AND QUALIFICATIONS 

3. I have summarized in this section my educational background, career 

history, publications, and other relevant qualifications. My full curriculum vitae is 

attached as Appendix A to this Declaration and includes further details on my 

background, education, and experience in mechanical engineering, and is 

incorporated in its entirety into this paragraph.  
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4. I am currently Professor (with tenure) and Chair of the Department of 

Mechanical Engineering at the University of Maryland, College Park. I am the chief 

academic officer of the Department and am “authorized and expected to provide 

leadership toward the achievement of excellence in the teaching, research, and 

service activities of the Department.” (https://faculty.umd.edu/media/67/download) 

The Department is the administrative home for the undergraduate program in 

mechanical engineering and the graduate programs in mechanical engineering and 

reliability engineering. The undergraduate program in mechanical engineering is 

accredited by the Accreditation Board for Engineering and Technology (ABET) to 

meet nationally adopted educational standards by developing students who 

demonstrate “an ability to identify, formulate, and solve complex engineering 

problems by applying principles of engineering, science, and mathematics.” 

(https://www.abet.org/accreditation/accreditation-criteria/criteria-for-accrediting-

engineering-programs-2022-2023/) I have held the titles of Professor and Chair since 

starting my work at the University of Maryland on December 31, 2023. 

5. Between August 2005 and December 2023, I was (first Associate and 

then Full) Professor in the Department of Mechanical Science and Engineering 

(prior to 2006, this was named the Department of Mechanical and Industrial 

Engineering) at the University of Illinois at Urbana-Champaign. This Department is 

the administrative home for undergraduate degree programs in mechanical 
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engineering and engineering mechanics (both of which are ABET accredited), as 

well as graduate degree programs in mechanical engineering and theoretical and 

applied mechanics. My work responsibilities included teaching undergraduate and 

graduate courses in system dynamics and vibrations, nonlinear dynamics, dynamics 

of multibody mechanisms, and computational methods. I also regularly served as 

advisor of capstone design projects for teams of senior undergraduate mechanical 

engineering students who explored engineering design challenges, including for 

agricultural applications such as harvest combines. I further served as research 

supervisor and thesis and dissertation advisor to a large number of students in the 

Master of Science in Mechanical Engineering and Doctor of Philosophy in 

Mechanical Engineering degree programs, including several who worked on 

engineering design problems involving agricultural equipment.   

6. Between August 1999 and August 2005, I was (first Assistant and then 

Associate) Professor in the Department of Engineering Science and Mechanics (now 

subsumed under the Department of Biomedical Engineering and Mechanics) at 

Virginia Polytechnic Institute and State University in Blacksburg, Virginia. The 

Department was home to undergraduate and graduate degree programs in 

engineering mechanics. My work responsibilities included teaching undergraduate 

and graduate courses in introductory mechanics, linear and nonlinear vibrations, and 

multibody dynamics. I also regularly served as advisor of capstone design projects 
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for teams of senior undergraduate students who explored engineering design 

challenges, including in orthopedic medicine. I further served as research supervisor 

and thesis and dissertation advisor to students in the Master of Science in 

Engineering Mechanics, Mechanical Engineering, and Biomedical Engineering 

Sciences and Doctor of Philosophy in Engineering Mechanics degree programs, 

including work on computer-enabled design and manufacturing of surgical implants.   

7. I received a Master of Science degree in engineering physics from KTH 

Royal Institute of Technology in Stockholm, Sweden, in 1991. As part of these 

studies, I took courses on rigid body mechanics, advanced dynamics of complex 

systems, control theory and practice, strength of materials and solid mechanics, 

computing science, measurement techniques, and history of technology. I received a 

Doctor of Philosophy degree in Theoretical and Applied Mechanics from Cornell 

University in 1995. As part of these studies, I took courses on dynamical systems, 

linear and nonlinear vibrations and waves, solid mechanics, and numerical methods. 

Between 1995 and 1999, I held postdoctoral and research associate positions in the 

Department of Mechanics at KTH Royal Institute of Technology, during which time 

I conducted research on robotic locomotion and mechanical friction.   

8. As part of my academic responsibilities, I have developed new 

undergraduate and graduate courses that take advantage of advanced computational 

tools to facilitate student mastery of methods for the analysis and design of complex 
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multibody mechanisms, including construction equipment. I am the author of the 

introductory textbook Multibody Mechanics and Visualization that teaches a 

systematic approach to the mathematical description of the motion of mechanisms 

consisting of multiple rigid bodies, as well as of educational software tools for 

computer-aided modeling and design of such mechanisms. I am the author of the 

advanced textbook Recipes for Continuation that teaches computational methods 

used in analysis and design optimization of nonlinear dynamical systems. I have 

been recognized for these contributions to education and research by my home 

institutions, as well as by the American Society for Engineering Education, the 

American Society of Mechanical Engineers, and the Society for Industrial and 

Applied Mathematics.  

9. My past research includes several projects funded by Deere & Co in the 

context of precision agriculture, i.e., methods and tools for collecting reliable and 

precise data during agricultural operations, specifically of planting or harvesting 

equipment, and relying on such data in making future operational decisions. I have 

published research papers together with Deere & Co engineers on tire-terrain contact 

modeling and modeling of dynamic grain flow through harvest combines. I am an 

inventor on a patented technology for self-calibration of mass flow yield sensors in 

harvest combines, owned by the University of Illinois. Separately, I am a past 

recipient of research funding from the U.S. Department of Agriculture National 
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Institute of Food and Agriculture on cooperative human-robot networks for 

agricultural applications. As part of this work, I have published papers on scheduling 

of large-scale seeding operations, as well as the development of advanced control 

algorithms for manipulators on moving platforms, including a proposed, 

autonomous, planter seed-refilling system. Separately, I have filed an invention 

disclosure with the University of Illinois for a novel brush design for seed-delivery 

systems.  

10. I am a current member of the American Society of Mechanical 

Engineers with Fellow status since 2012, as well as of the American Society for 

Engineering Education and the Society for Industrial and Applied Mathematics.   

11. I have not previously been retained as an expert consultant 

independently of my academic service.  

12. I am not an attorney and offer no legal opinions. In the course of my 

work, I have had extensive experience studying and teaching the design and function 

of machine components, including by making innovative contributions to the design 

of agricultural equipment, such as harvest combines. In addition to the issued patent 

on a self-calibrating mass flow sensor system, I have applied for patent protection 

on inventions related to computer-aided shaping of spinal implants and systems and 

methods for characterization of spinal deformities, respectively.  
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III. MATERIALS REVIEWED

13. The opinions contained in this Declaration are based on the documents

that I reviewed, my professional judgment, as well as my education, experience, and 

knowledge regarding technologies related to the ‘121 patent.  

14. In forming my opinions expressed in this Declaration, I reviewed:

• U.S. Patent No. 8,770,121 (Exhibit 1001)

• Prosecution History U.S. Patent No. 8,770,121 (Exhibit 1002)

• Declaration of Dr. Mark Fleming and CV (Exhibits 1003 and 1018)

• Transcript of Deposition of Mark Fleming taken June 27, 2024 

(Exhibit 2014)

• EP 2,637,492,B1(Exhibit 1004)

• EP Opposition File History (Exhibit 1005)

• U.S. Patent No. 7,228,807 to VenHuizen (Exhibit 1006)

• E.P. Patent Publication No. 0536543 to Fiorido (Exhibit 1007)

• Amazone Manual – English (Exhibit 1011)

• U.S. Patent No. 9,127,708 (Exhibit 2017)

• Dictionary Excerpts (Exhibit 2016)

• Complaint (Exhibit 2011)

• Precision’s Answer to Interrogatory No. 2 (Exhibit 2019)

• Precision’s Petition for IPR (Paper No. 2)
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• Board’s Decision Granting Institution of IPR (Paper No. 12) 

• Precision’s vSet Advertisement (Appendix B to this document) 

• Kinze Manufacturing Article (Appendix C to this document) 

• Various legal background materials including a PTO Memorandum 

dated March 18, 2024 on the subject of “Resources for Examining 

Means-Plus-Function and Step-Plus-Function Claim Limitations            

(35 U.S.C. 112(f))” (Exhibit 2015); “Inter Partes Review: Expert 

Considerations, Practical Law Practice Note w-039-1870” (2024); and 

a book titled “Patent Law in a Nutshell.” 

IV. LEGAL STANDARDS 

A. Overview 

15. I am not an attorney or a legal expert. The legal standards I applied in 

reaching the conclusions expressed throughout this Declaration were provided to me 

by counsel. In preparing this Declaration, I have endeavored to faithfully apply these 

legal standards. I do not intend to offer opinions on the law. Below, I describe the law 

I applied in considering whether the claims of the ‘121 patent are patentable. 

16. I have been informed that an issued patent is presumed valid and that the 

challenger of the patent’s validity bears the burden of proving invalidity of the patent. 

B. Patent Claims 

17. Patent claims describe the invention made by the inventor and describe 
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what the patent owner owns and what the owner may prevent others from doing. 

18. Claims may describe products, such as machines, or processes for 

making or methods of using a product. Claims are usually divided into parts or steps 

called limitations. 

19. There are two types of claims: independent claims and dependent 

claims. An independent claim sets forth all the requirements that must be met in 

order to be covered by that claim. Thus, it is not necessary to look at any other 

claim to determine what an independent claim covers. A dependent claim does not 

itself recite all of the requirements of the claim, but refers to another claim for some 

of its requirements. In this way, the claim depends on another claim. The law 

considers a dependent claim to incorporate all of the requirements of the claims to 

which it refers. 

20. The dependent claim then adds its own additional requirements. To 

determine what a dependent claim covers, it is necessary to look at both the 

dependent claim and any other claims to which it refers. 

21. In that case, the dependent claims incorporate the limitations of the 

independent claim upon which they depend and, if a reference fails to disclose any 

of the limitations of an independent claim, the claims which depend on that claim 

cannot be made invalid by that reference. As a result, any of the references at issue in 

this proceeding that fail to disclose all of the limitations of an independent claim 
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necessarily also fail to disclose all of the limitations of claims which depend on that 

claim. 

C. Burden of Proof for Invalidity 

22. I understand that the party challenging the validity of an issued U.S. 

patent in an IPR bears the burden of proving invalidity through facts supported by a 

preponderance of the evidence. I understand that a “preponderance of the evidence” 

means evidence sufficient to prove that a fact is more likely true than it is not. 

D. Claim Construction  

23. I understand that the first step in determining validity is to properly 

construe the claims. I further understand that, in this proceeding, the Board must 

determine the scope of the claims by using the same claim construction standard that 

United States District Courts use. Under this standard, words of a claim are given 

their “ordinary” and “customary” meaning as understood by a person of skill in the 

art at the time of the invention. I understand that such a person looks primarily to the 

claims, specification, and file history (collectively, the intrinsic evidence) in 

understanding the meaning of the claim terms. I further understand that evidence 

external to the patent (e.g., expert testimony, prior art, and dictionary definitions) 

may be relevant to claim construction. I have applied this understanding in this 

Declaration. 
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E. Person of Ordinary Skill in the Art 

24. I understand that a person having ordinary skill in the art may be 

defined by factors such as: (a) the levels of education and experience of the inventor 

and other persons actively involved in the field; (b) the types of problems encountered 

in the field; (c) prior art solutions to those problems; (d) rapidity with which 

innovations are made; and (e) the sophistication of the technology. 

F. Prior Art 

25. I understand that a patent cannot be invalidated based on one person’s 

testimony alone without corroborating evidence, particularly documentary evidence. 

Moreover, I understand that corroboration is required of any witness whose 

testimony alone is asserted to invalidate a patent, regardless of his or her level of 

interest in relation to that patent. Accordingly, even if the testifying individual has 

no interest in the litigation, I understand that corroboration is still required. 

26. In this Declaration, I may use the phrase “prior art” when describing 

specific references. My use of this phrase should not be interpreted, however, as 

agreement that the reference or references described qualifies or qualify as prior art 

under the patent laws. I merely use this phrase to address the references labeled as 

“prior art” by Precision and its expert, Dr. Mark Fleming. 

G. Anticipation 

27. I understand that a patent claim can be found invalid as anticipated if 
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each and every limitation of the claim, as properly construed, is found either 

explicitly or inherently in a single prior art reference. If the single prior art reference 

does not disclose any one claim limitation, then that claim is not anticipated. I further 

understand that the single prior art reference cannot merely disclose each limitation; 

rather, it must disclose all of the limitations as arranged in the claim. I have been 

informed that for a prior art reference to “inherently” disclose something, the 

reference must necessarily function in accordance with, or include the claimed 

limitations, to anticipate. The missing descriptive matter cannot merely probably or 

possibly include the claimed limitations. I further understand that, with respect to an 

anticipation analysis, it is improper to combine separate, distinct embodiments of a 

single prior art reference. 

28. I understand that for a claim to be anticipated, each claim limitation 

must be disclosed in a single prior art reference, and the claimed arrangement or 

combination of those limitations must also be disclosed in that same prior art 

reference. I understand that for a reference to be anticipatory, the reference must 

contain an enabling disclosure. I understand that merely naming or describing the 

subject matter is insufficient if it cannot be produced without undue experimentation. 

H. Obviousness 

29. I understand that a patent claim can be determined to be invalid as 

obvious if the differences between the claim and the prior art references would have 
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been obvious to a person of ordinary skill in the art at the time of the invention, taking 

into account (1) the scope and content of the prior art, (2) the differences between the 

prior art and the claims, (3) the level of ordinary skill in the art, and (4) any objective 

indicia of non-obviousness. I understand that, if present, objective indicia of non-

obviousness concern real-world evidence of non-obviousness of the claimed 

invention (such as copying by another of the claimed invention; long-felt but unmet 

need in the art for the claimed invention; and failure of others in the art to achieve 

the results of the claimed invention), and that the evidence must be related to the 

novel features of the claimed invention. I further understand that a claim can be found 

to be obvious in light of either a single prior art reference or multiple prior art 

references. I understand that references qualify as prior art for an obviousness 

determination only when they are analogous to the claimed invention. Two separate 

tests define the scope of analogous prior art: (1) whether the art is from the same 

field of endeavor, regardless of the problem addressed; and (2) if the reference is 

not within the field of the inventor’s endeavor, whether the reference still is 

reasonably pertinent to the particular problem with which the inventor is involved. 

30. To be obvious in light of a single prior art reference or multiple prior art 

references, there must be a reason either to modify the single prior art reference or 

to combine the two or more prior art references to achieve the claimed invention. I 

understand that this reason may come from a teaching, suggestion, or motivation to 
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combine or may come from the reference or references themselves, the knowledge 

or “common sense” of one skilled in the art, or from the nature of the problem to be 

solved and may be explicit or implicit from the prior art as a whole. 

31. I also understand that a hypothetical “person of ordinary skill in the art” 

or “POSA” must have reasonably expected that the combination of references would 

work, which is sometimes referred to as a “reasonable expectation of success.”   

32. I further understand that a reference that “teaches away” from a given 

combination may negate a motivation to modify the prior art to meet the claimed 

invention. It is improper to combine references where the references teach away from 

their combination.  

33. A reference may be said to teach away when a POSA, upon reading the 

reference, would be discouraged from following the path set out in the reference, or 

would be led in a direction divergent from the path that was taken by the claimed 

invention, or if the reference suggests that the line of development flowing from the 

reference’s disclosure is unlikely to yield the result sought by the claimed invention. 

When the prior art teaches away from combining certain known elements, discovery 

of a successful way of combining them is more likely to be nonobvious.   

34. I understand that if the teachings of a prior art reference would lead a 

POSA to make a modification that would render another prior art device inoperable, 

then such a modification would generally not be obvious. I understand that if a 
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proposed modification would render the prior art device unsatisfactory for its 

intended purpose, then the proposed modification would generally not be obvious.   

35. I understand that it is improper to use hindsight in making the 

obviousness determination. 

36. I understand that some articulated reasoning with some rational 

underpinning to support the legal conclusion of obviousness must be made.  

V. PERSON OF ORDINDARY SKILL IN THE ART (POSA) RELATED 
TO THE ‘121 PATENT 
 

37. In its Institution Decision on pages 7-8, Paper No. 12, the Board adopted 

Precision’s unopposed definition of a hypothetical POSA. I have no objection to that 

definition, which is relevant to the issues of claim construction, anticipation, and 

obviousness.   

VI. THE ‘121 PATENT 

38. With reference to its Fig. 3, the ‘121 patent generally relates to 

agricultural seed drills (reference number 3) which include as one component 

sowing elements (2) which, in turn, include as one component seed distribution 

elements (1). The focus of the claims of the ‘121 patent is on the seed distribution 

element illustrated in Fig. 1 which, via a pressure differential generated in the area 

of a sowing disc, separates and distributes seeds in a controlled manner. The 

operating principle is based on the fact that, as a result of a pressure differential 

between the opposed faces of the sowing disc (16), a seed (4) adheres to each of a 
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plurality of selector holes (23) in the sowing disc and is then transported by the 

rotation of the sowing disc from the seed selection zone to the point at which the 

pressure differential ceases and the seed is released to drop through a sowing pipe 

into the furrow or sowing track in the ground. In practice, a strong air suction is 

exerted on one of the faces of the sowing disc which retains the seeds on the opposite 

face in the region of the respective holes. For the correct functioning of such seed 

distribution elements, it is necessary to ensure an effective pneumatic seal between 

the face of the sowing disc that is subjected to suction and a seal (24) which delimits 

the pneumatic suction chamber (17). The suction effects a substantial compression 

of the sowing disc against the seal. Although this ensures adequate adherence of the 

seal to the sowing disc surface which is subjected to negative pressure, sliding of the 

disc against the seal also creates abrasion on and wear of the seal, which limit the 

effective service life of the seal. The ‘121 patent explains that prior art seed drills 

include a thrust-bearing element (TBE) mounted on the fixed portion of the housing 

to relieve the heavy load on the seal, but that this configuration creates its own 

problems: 

In order to remedy this drawback, seed drills have been 

developed which are equipped with a thrust-bearing element which 

relieves the heavy load on the seal. In all cases, however, the thrust-

bearing element, which must be rotated with the disc, is mounted on the 

fixed portion of the housing, that is to say, that portion which is fixed 
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to the framework of the sowing elements. This means that the disc must 

be attached to the thrust-bearing element; therefore an attachment 

system must be provided which in the stage of replacement of the disc 

must be removed, consequently lengthening the operation. This is 

inevitable in the known machines since it is obligatory to mount on the 

fixed portion the transmission which drives in rotation the motor-driven 

shaft which rotates the disc. 

However, positioning the thrust-bearing element on the fixed 

portion entails the pneumatic suction chamber being provided on the 

fixed portion, or on the same side at which the thrust-bearing element 

is placed, while the seed collection chamber must be provided in the 

movable portion. This is the source of numerous drawbacks, including 

the fact that the opening of the housing necessarily involves the removal 

of the portion containing the seed collection chamber from the hopper 

type store located above, which must necessarily be fixed to the 

framework of the sowing element.   

Furthermore, for the replacement of the sowing disc it is 

necessary to remove some parts of the distributor, such as the adjustable 

seed selector, and the seed ejector, where provided.   

See the ‘121 patent from column 1, line 53 to column 2, line 11 (emphasis added).  

39. Important to the ‘121 patent is the distinction between two portions of 

the housing (10) as illustrated in Fig. 1: the fixed portion (11), which is fixed on the 

frame (6), and a movable portion (12) hinged to the fixed portion (11). See the ‘121 

patent at column 2, lines 44-47. “The [seed distribution] element 1 itself comprises 

a housing 10 with a fixed portion 11 fixed in a stable manner on the frame 6 [of the 

Page 18 of 67 Maschio Exhibit 2012



19 

seed drill 3 illustrated in Fig. 3] and a movable portion 12 hinged in the region of a 

hinge 12a on the fixed portion 11 by means of a removable hinge pin 13.” The two 

portions of the housing permit “opening of the housing,” id. at column 2, line 5, and 

facilitate access to, removal of, and replacement of the sowing disk (16) and the seal 

(24). See, e.g., id. at column 1, lines 46-49 and lines 60-62. In fact, the housing 

portions are sufficiently separate and distinct that “[t]he whole of the movable 

portion 12 complete with thrust-bearing element 26 and seal 24 lends itself 

advantageously to the production of a kit for the retrofitting of existing seed drills. 

It is sufficient in this case to separate the old type of movable portion by removing 

the hinge pin 13 and replacing the old movable portion with the aforesaid kit.” Id. at 

column 3, lines 60-65. 

40. The ‘121 patent not only recognizes but solves the problems associated 

with mounting a thrust-bearing element (26) on the fixed portion (11) of the housing. 

The ‘121 patent generally solves the problems by arranging the drive shaft (20) and 

the thrust-bearing element (26) in different housing sections, i.e., by mounting the 

drive shaft (20) in the fixed housing portion (11) and by mounting the thrust-bearing 

element (26) in the other, movable housing portion (12). Further, the ‘121 patent 

places the suction chamber (17) in the movable housing portion (12), i.e., the suction 

forces pull on the sowing disc in the direction of the movable housing portion. 

Page 19 of 67 Maschio Exhibit 2012



20 

41. More specifically, the specification of the ‘121 patent illustrates the seal 

in Fig. 1 and describes the seal at column 3, lines 6-10: 

A seal 24 is fitted in the suction chamber 17 [of the movable 

portion 12 of the housing] and is placed in sliding contact with the 

facing surface [16a] of the disc 16, when the movable portion [12] is 

closed on the fixed portion [11], to delimit a circumferential segment in 

which the holes 23 are subjected to the aforesaid pressure differential.   

42. The seal is recited in independent claim 1, column 4 at lines 29-32: “a 

seal which [i] is arranged on the movable portion and [ii] is capable of sliding contact 

with the facing surface of the disc when the fixed and movable portions are closed 

against one another” (emphasis on two limitations added). Independent claim 10 

recites similar limitations at column 5, lines 21-23. Remember, among the problems 

solved by the claimed invention are abrasion on and wear of the seal, which limit the 

effective service life of the seal, resulting from sliding of the disc against the seal.   

43. The thrust-bearing element (26) is important to solving those problems. 

The specification of the ‘121 patent illustrates the thrust-bearing element in Fig. 2 

and describes the thrust-bearing element at column 3, lines 21-32: 

In order to limit the wear on the seal 24 resulting from sliding 

against the surface of the disc 16, a thrust-bearing element indicated as 

a whole by 26 is mounted on the movable portion [12]. 

The thrust-bearing element 26 comprises a shaft 27 rotatably 

mounted by means of bearings 28 in a seat 29 of the movable portion 

12. The shaft 27 has flanging 30 by means of which it is fixed to a 
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thrust-bearing plate 31 which can bear on that surface of the disc which 

faces the seal 24 in a zone radially inside the ring of holes 23 in order 

to withstand at least some of the axial load produced by the disc 16 on 

the seal 24. 

44. The thrust-bearing element is recited in independent claim 1, column 4 

at lines 37-40, and in independent claim 10, column 6 at lines 2-6 (“a thrust-bearing 

element [i] of the sowing disc, which thrust-bearing element [ii] is supported 

rotatably in the movable portion [iii] in order to withstand at least some of the axial 

load produced by the disc on the seal”) (emphasis on three limitations added). By 

withstanding at least some of the axial load produced by the disc on the seal, the 

thrust-bearing element addresses the problems highlighted in Paragraph 42. 

Specifically, the thrust-bearing element reduces substantially abrasion on and wear 

of the seal resulting from sliding of the disc against the seal, and the resulting 

limitation on the effective service life of the seal.   

45. The importance of the seal and thrust-bearing element to the solution 

provided by the claimed invention is also summarized in the Abstract of the ‘121 

patent: “A seed distribution element (1) includes . . . -- a seal (24) on the movable 

portion (12) capable of sliding contact with the facing surface (16a) of the disc (16) 

when the portions are closed against one another,--a thrust-bearing element (26) of 

the sowing disc (16), supported rotatably in the movable portion (12), to withstand 

the axial load produced by the disc (16) on the seal (24).”   
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VII. CLAIM CONSTRUCTION 

46. I understand that the terms of the ‘121 patent should be given their 

“ordinary and customary meaning” as understood by a POSA at the time of the 

invention. I have followed this principle in my analysis.   

47. The Board preliminarily construed the claim term “transmission drive 

shaft” to mean “a shaft that is driven by a motor and is part of, or associated with, a 

transmission.” Institution Decision at 11. In my opinion, the Board’s interpretation 

is both reasonable and correct for the reasons recited on pages 11-13 of the Institution 

Decision.   

48. The Board’s preliminary interpretation of the claim term “thrust-

bearing element” (TBE) is “an [i.e., any] element that provides support against an 

axial force.” Id. at 10. In my opinion, the Board’s interpretation is unreasonably 

broad.  

49. I understand that a part or limitation in a claim that describes a function 

without describing the physical structures for performing that function is a “means-

plus-function” claim limitation. My understanding is informed by the PTO 

Memorandum dated March 18, 2024, which provides guidelines for examining 

patent claims with means-plus-function limitations under Section 112(f) of the 

Patent Act. Exhibit 2015. 

Page 22 of 67 Maschio Exhibit 2012



23 

50. The claimed TBE uses the term “element” as a generic placeholder. The 

claimed TBE is modified by functional language, namely, “to withstand at least some 

of the axial load produced by the disc on the seal.” The generic term “element” is 

linked to the functional language by the transition phrase “in order to.” The generic 

term “element” is not modified by sufficient structure for performing the claimed 

function.  Therefore, in my opinion and based on the PTO’s Memorandum, the claim 

limitation “TBE” should be interpreted as a means-plus-function limitation.   

51. The specification of the ‘121 patent expressly and unequivocally 

defines the structure of the TBE in the first, definitional sentence of a paragraph in 

column 3 of the ‘121 patent (Exhibit 1001): “The thrust-bearing element 26 

comprises a shaft 27 rotatably mounted by means of bearings 28 in a seat 29 of the 

movable portion 12.”  

52. The specification of the ‘121 patent associates additional components 

(beyond the three components of the shaft 27, bearings 28, and seat 29 recited in the 

definitional sentence) with the TBE: a flanging 30, a thrust-bearing plate 31, and a 

drive element 32. Some of these additional components are separately claimed in the 

‘121 patent. See claim 3 (“The seed distribution element according to claim 1, 

wherein the thrust-bearing element comprises a thrust-bearing plate [31] . . .”) and 

claim 4 (“The seed distribution element according to claim 3, wherein the thrust-

bearing element comprises a drive element [32]. . .”). Thus, these additional 
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components cannot be considered part of the structure of the TBE as recited more 

broadly in claims 1 and 10.  

53. The definitional sentence in the specification of the ‘121 patent also 

defines the location of the three structural components that comprise the TBE. The 

shaft 27, the bearings 28, and the seat 29 are all “of” the movable portion 12. Claims 

1 and 10 of the ‘121 patent further clarify “which thrust-bearing element is supported 

rotatably in the movable portion.” There is nothing redundant or inconsistent about 

defining the TBE to be both mounted rotatably by structure “of” the movable portion 

of the housing and supported rotatably “in” the movable portion.   

54. In my opinion, the last limitation of claims 1 and 10 of the ‘121 patent 

should be interpreted to mean: “a shaft rotatably mounted in the movable portion 

and supported by means of bearings in a seat of the movable portion in order to 

withstand at least some of the axial load produced by the disc on the seal.”  

55. The adjective and hyphenated term “thrust-bearing” that modifies the 

noun and generic word “element” in the TBE limitation supports this interpretation. 

The word “thrust” refers to the function of the TBE, which claims 1 and 10 later 

expand upon (viz, the TBE provides a thrust, driving force, or pressure that counters 

or withstands at least some of the axial load produced by the disc 16 on the seal 24 

in the absence of the TBE). In addition to operating as a verb to indicate that the 

structure of the claimed “element” functions to “bear” thrust, the word “bearing” 
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also refers to the bearings 28 that form part of the structure of the TBE and that 

reduce the friction of motion between the shaft and the seat. Thus, the embodiment 

of the thrust-bearing element (hyphen) disclosed in the ‘121 patent resembles the 

structure and function of a well-known “thrust bearing” (no hyphen).   

56. The PTO issued U.S. Patent No. 9,127,708 to US Synthetic Corporation 

in 2015 based on an application filed in 2013. Exhibit 2017. As used in the ‘708 

patent, the terms “thrust-bearing apparatus” and “thrust-bearing assembly” connote 

structures that achieve support against an axial load while being supported in a way 

that reduces friction between stationary and rotating machine parts, consistent with 

the means-plus-function interpretation of “TBE.” The analogous use in the ‘708 

patent of the terms “radial bearing apparatus” and “radial bearing assembly” 

describing structures that achieve support against radial loads while being supported 

in a way that reduces friction between stationary and rotating machine parts shows 

that this interpretation is independent of the use of hyphenation in constructions 

using “thrust.” 

VIII. VENHUIZEN DOES NOT ANTICIPATE THE CLAIMS  
(GROUND 1). 

57. Precision has not met its burden of establishing that claims 1-3, 7-12, 

and 16 of the ‘121 patent are anticipated by the VenHuizen patent (Exhibit 1006) 

because VenHuizen does not disclose a TBE under the correct interpretation of that 

limitation. Specifically, VenHuizen fails to disclose or suggest any one of the three 
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structural features of the claimed TBE: [iii] a shaft rotatably mounted in the movable 

portion [ii] and supported by means of bearings [i] in a seat of the movable portion.  

58. On pages 45-47 of the Petition, Precision equates the winged hub 

handle 58 disclosed by VenHuizen with the claimed TBE. I disagree.   

59. As shown in Fig. 6 of the VenHuizen patent, neither the hub handle 58 

nor any structure associated with it equates to [i] the claimed seat of the movable 

portion. Although the handle 58 is located within the physical confines of the 

movable second housing member 90 when the two housing portions 50, 90 are 

closed together and not before, the handle 58 is rotatably supported by the retaining 

hub 56 in the fixed first housing member 50. See also Exhibit 1006, 7:48-51 

(emphasis added): “As shown in FIGS. 3, 5, and 7, when the two housing members 

50, 90 are latched in assembled relationship, with a seed disk 60 retained on the 

retaining hub 56 of the housing member 50, the interior of the metering unit 36 will 

be divided into two chambers.” Thus, VenHuizen does not disclose or suggest any 

seat, and certainly not a seat of the movable portion, as required by the TBE recited 

in the claims of the ‘121 patent. 

60. Further, and as shown in Fig. 6 of the VenHuizen patent, neither the 

hub handle 58 nor any structure associated with it equates to [ii] bearings that support 

a shaft in the seat of the movable portion. VenHuizen does not disclose or suggest 

any bearings as required by the TBE recited in the claims of the ‘121 patent. The 
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absence of bearings in VenHuizen is not surprising because bearings are not needed 

in the movable portion of the housing in the device taught by VenHuizen. Bearings 

are not needed, in turn, because VenHuizen also does not disclose or suggest [iii] a 

shaft rotatably mounted in the movable portion.   

61. The ‘121 patent teaches that “[t]he thrust-bearing element 26 is driven 

in rotation with the sowing disc 16 . . . .” Exhibit 1001, 3:36-37. See also claims 2 

(“the thrust-bearing element is rotated with the disc”) and 4 (“the thrust-bearing 

element comprises a drive element which . . . can be coupled with the drive shaft of 

the disc”). Clearly, the shaft of the TBE, as rotatably mounted in the movable portion 

and supported by means of the bearings in the seat of the movable portion, rotates 

along with the disc in an unrestricted, 360° manner. The shaft engages the seat 

through bearings that permit, indeed facilitate, such unrestricted rotation of the shaft 

(and disc) relative to the seat of the movable portion.   

62. In contrast, the hub handle 58 taught by VenHuizen simply clamps or 

locks the sowing disc against the retaining hub. The handle does not rotate with 

respect to the hub when in the locked position, and no structure in the movable 

portion of VenHuizen permits unrestricted rotational movement between a shaft and 

either a (non-existent) seat or (more generally) the movable portion of the housing. 

The functions of the hub handle 58 disclosed by VenHuizen are to permit 
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replacement of a seed disk 60 and, after the seed disk is installed, to retain the seed 

disk on the hub 56.   

63. More specifically, as shown in Fig. 4 (labeled “PRIOR ART”) of 

VenHuizen, the sowing disk 60 has ramps 63, 64 and corresponding lock notches 65, 

66 (which are located opposite each other, i.e., 180° apart) arranged around a wing-

shaped center opening 53. The wing-shaped opening receives the winged hub handle 

58. See Exhibit 1006, 6:19-27. The retaining hub 56 is threaded on the drive shaft 

55, both of which are located in the fixed portion 50 of the housing, and the handle 

58 is located on the distal end of the retaining hub. The user can grasp the handle 58 

and rotate it about the retaining hub relative to the seed disk a short distance so that 

the ramps facilitate engagement with the lock notches and the seed disk is locked to 

the hub. Once locked, the hub and handle do not rotate with respect to each other. 

Essentially, the handle 58 functions like a nut on the retaining hub to lock and unlock 

the sowing disk. 

64. Claims 1 and 10 of the ‘121 patent recite, separately from the TBE, a 

motor-driven transmission drive shaft 20 that rotates the sowing disc 16. The drive 

shaft 20 is supported in the fixed portion 11 of the housing and the sowing disc is 

removably mounted to the drive shaft. See Exhibit 1001, 2:60-63 and Fig. 1. If the 

drive shaft 55 taught by VenHuizen equates to any structure of the ‘121 patent, it 

Page 28 of 67 Maschio Exhibit 2012



29 

would be to the drive shaft 20. The drive shaft 55 has nothing to do with a TBE as 

recited in the claims of the ‘121 patent and correctly interpreted.  

IX. FIORIDO DOES NOT ANTICIPATE THE CLAIMS  (GROUND 2). 
 

65. Precision has not met its burden of establishing that claims 1-5 and 10-

14 of the ‘121 patent are anticipated by European Patent Application Publication No. 

0536543 filed by Fiorido (Exhibit 1007) because Fiorido does not disclose a TBE 

under the correct interpretation of that limitation. Specifically, Fiorido fails to 

disclose or suggest any one of the three structural features of the claimed TBE: a 

shaft rotatably mounted in the movable portion and supported by means of bearings 

in a seat of the movable portion. Fiorido also does not disclose or suggest a TBE that 

functions to withstand at least some of the axial load produced by the disc on the 

seal. Finally, Fiorido fails to disclose or suggest a housing with a fixed portion and 

a portion which is movable relative to the fixed portion and can be closed against 

the fixed portion -- as recited in both claims 1 and 10 of the ‘121 patent.  

66. Distinguish components that are movable relative to another 

component, such as the claimed movable housing portion that is “movable” relative 

to the fixed housing portion, from components that are “removable” because they 

can be separated, taken away, and conveyed to another place. The ‘121 patent makes 

this distinction clear. See Exhibit 1001, 1:60-62; 2:3-7; 2:9-10; and 4:1-9.  
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67. Fiorido teaches a single-seed distributor means 10 that is formed by two 

housing components: a seed container 11 and a box-like casing 12. Neither housing 

component is movable relative to the other (fixed) housing component. Instead, 

Fiorido bolts the housing components together into a fixed position. Both housing 

components are fixed relative to each other per Fiorido and are not moveable relative 

to one another once they are bolted together. The fact that the bolts of Fiorido can be 

removed to separate the seed container 11 from the casing 12 of Fiorido does not 

make either of those components movable relative to the other.  

68. The components that the Petition equates with the claimed TBE, 

namely Fiorido’s shaft [29], bearings [28], and driving disk [31], are located in the 

casing [12]. The ‘121 patent describes the “fixed portion” as “that portion which is 

fixed to the framework of the sowing elements.” Exhibit 1001, 1:57-59. The patent 

also teaches that it is “obligatory to mount on the fixed portion the transmission 

which drives in rotation the motor-driven shaft which rotates the disc,” id., 1:63-65, 

because the drive shaft must be fixed in translation to the framework. And Fig. 1 of 

the ‘121 patent locates the transmission shaft [20] in the fixed portion [11] of the 

housing. Therefore, the casing [12] of Fiorido, in which the transmission drive shaft 

is located, would be the fixed portion of the housing -- and the TBE is not mounted 

in the other portion of the Fiorido housing (whether movable or not). 
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69. Fiorido does not disclose or suggest a TBE that functions “to withstand 

at least some of the axial load produced by the disc on the seal.” The function of the 

driving disk 31 (assisted by the related components of a perforated hub 27, bearings 

28, a shaft 29, a cog-wheel 30, a centering dowel 32, and a driving pin 33) is 

expressly taught by Fiorido and is “to rotatably drive the disk 13.” See Exhibit 1007, 

5:49-55.   

70. The driving disk and sowing disk are not necessarily rigidly attached 

nor does the face of one necessarily touch or contact the face of the other. 

Specifically, Fig. 3 of Fiorido shows that the centering dowel 32 of the driving disk 

31 engages a center hole of the sowing disk 13, centering the sowing disk 13 with 

respect to the driving disk 31, and that the driving pin 33 engages a smaller offset 

hole of the sowing disk 13 to rotatably drive the disk 13. See also claim 7 of Fiorido. 

Thus, the driving disk and sowing disk do not necessarily transfer any axial load 

whatsoever. The two components might slide axially, for example, with respect to 

each other.  

71. This concept is further informed by Fiorido’s teaching that “a hollow 

sealing ring 39 or similar gasketing means of plastic material may be appropriately 

provided between the casing 12 and the disk 13 so as to ensure correct positioning 

of said two elements and an effective sealing effect between them (Figure 2).” 

Exhibit 1007, 7:53-58 (emphasis added). Because the sealing ring 39 “appropriately” 
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positions the disk 13 to create a seal between the casing and disk, the face of the 

driving disk 31 does not necessarily contact the face of the sowing disk 13. Rather, 

a gap may exist between the faces. 

72. Fiorido does not teach facial contact between the drive disk and the seed 

disk.  

73. Precision highlights the last paragraph of the Fiorido publication, which 

states “the seed container 11 may be provided with a central opening 40 (Figures 1 

and 2) to possibly introduce the support and driving elements [i.e., the shaft 29, cog-

wheel 30, centering dowel 32, and driving pin 33] for the disk 13 from the opposite 

side of the device, as opposed to the arrangement shown in the accompanying 

drawing.” Exhibit 1007, 8:1-6. If the support and driving elements [i.e., the shaft 29, 

cog-wheel 30, centering dowel 32, and driving pin 33] for the disk 13 were moved 

from the casing 12 as shown in the drawing to the seed container 11 as proposed by 

the last paragraph of the Fiorido specification, then the sowing disk 13 would 

certainly not have the driving disk 31 contact it because the vacuum would pull in 

the opposite direction. 

74. The reason that Fiorido can move the support and driving elements to 

the other side is because the sealing ring 39 keeps the sowing disk 13 in the 

appropriate position. Contact would risk wear to the sealing ring, one of the very 

problems solved by the invention recited in claims 1 and 10 of the ‘121 patent. 
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Fiorido simply does not care whether the driving disk 31 ever contacts the sowing 

disk 13.   

75. Fiorido discloses nothing about an axial load produced by the disk on 

the seal or that the driving disk (which the Petition equates with the claimed TBE) 

functions to withstand such a load. 

X. FIORIDO ALONE OR IN COMBINATION WITH VENHUIZEN 
AND AAPA DOES NOT RENDER CLAIMS 1-5, 7-14, AND 16 
OBVIOUS (GROUND 3).  
 

76. Ground 3 asserts that claims 1-5, 7-14, and 16 would have been obvious 

based on a combination of Fiorido, VenHuizen, and applicant-admitted prior art 

(AAPA). More specifically, Ground 3 asserts that independent claims 1 and 10 would 

have been obvious based on Fiorido alone. Precision has not met its burden of 

establishing that independent claims 1 and 10 are rendered obvious by Fiorido either 

alone or in combination with VenHuizen and AAPA. Fiorido does not teach or 

suggest either a movable housing portion or a TBE of the movable housing portion. 

77. The Petition also fails to identify how a POSA at the time of the ‘121 

patent’s effective filing date would have been motivated to combine the asserted 

references with a reasonable expectation of success in reaching the claimed 

invention. Specifically, independent claims 1 and 10 are patentable because there is 

no apparent suggestion or motivation to combine the principal reference (Fiorido) 

with either of the secondary references (VenHuizen or AAPA) to solve the problems 
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addressed by inventor Enrico Bragatto when the application that issued as the ‘121 

patent was filed. 

78. In addressing motivation to combine at pages 73-74, the Petition 

provides absolutely no reason to combine Fiorido with AAPA. With respect to the 

combination of Fiorido with VenHuizen, the Petition states two reasons – both of 

which are incorrect. First, the Petition states: “both [references] have fixed and 

movable sides of a vacuum-operated seed meter housing.” Petition at 73. As 

explained above, Fiorido does not have fixed and movable sides. Second, the 

Petition implies that both references “address the same problem.” Id. The problem 

addressed by Fiorido is that precision-type single-seed planters have to be provided 

with several sets of perforated disks having perforations drilled to different diameter 

sizes, which must therefore be changed quite often according to the average size and 

shape of the seeds to be planted. The problem addressed by VenHuizen is that seeds 

falling away from a seed disk follow different paths as they move through the air 

once they make contact with the surface of the seed tube. Thus, the references do not 

address the same problem.  

79. In addressing a reasonable expectation of success at page 74, the 

Petition provides absolutely no reason for a POSA to expect success in reaching the 

claimed invention upon combining Fiorido with AAPA. With respect to the 

expectation of success upon combining Fiorido with VenHuizen, the Petition 
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concludes, without further explanation, that “a POSA would know that Fiorido’s 

seed meter, as modified by VenHuizen’s teaching [of a hinge, frame, and support 

structure], would still be operable in the environment of the implement on which it 

is installed with minimal, if any modifications.” Id.  

80. On page 72, the Petition characterizes Fiorido as disclosing that the 

drive element may be introduced into either side of the seed distributor housing, i.e., 

into the casing (12) as illustrated in the figures or (alternatively) into the seed 

container (11). See also Petition, 33 (referring to Fiorido at column 8, lines 1-6) and 

65. At column 8, lines 1-6, Fiorido teaches: “Furthermore, the seed container 11 may 

be provided with a central opening 40 (Figures 1 and 2) to possibly introduce the 

support and driving elements for the disk 13 from the opposite side of the device, as 

opposed to the arrangement shown in the accompanying drawing.” Thus, Fiorido 

expressly teaches that it does not matter whether the support and driving elements 

for the disk 13 (namely, the perforated hub 27, bearings 28, shaft 29, cog-wheel 30, 

driving disk 31, centering dowel 32, and driving pin 33) are located in or on the 

casing (12) or the seed container (11). This teaching makes sense because both 

housing components are fixed. Fiorido expressly teaches away from the importance 

(to the claimed invention of the ‘121 patent) of arranging the various components in 

different housing sections.  
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81. The totality of the Fiorido disclosure teaches away from the claimed 

invention. The teaching is to be viewed as it would have been viewed by one of 

ordinary skill in the art. When so viewed, the Fiorido publication teaches away from 

a seed distribution element having both fixed and movable housing sections and, 

more specifically, away from the importance of arranging the various components 

of the seed distribution element in different housing sections. The inventor of the 

claimed invention, Enrico Bragatto, proceeded contrary to the teaching of Fiorido. 

XI. AMAZONE IN COMBINATION WITH FIORIDO, VENHUIZEN, 
AND AAPA DOES NOT RENDER CLAIMS 1-3, 7-12, AND 16 
OBVIOUS (GROUND 4). 
 

82. Ground 4 asserts that independent claim 1 (and, similarly, independent 

claim 10) would have been obvious based on a combination of Amazone with 

Fiorido. Precision has not met its burden of establishing that claims 1 and 10 are 

rendered obvious by Amazone in combination with Fiorido because neither 

reference discloses or suggests a TBE. Fiorido does not disclose or suggest a TBE 

for the reasons stated above.   

83. Nor does Amazone. The Board apparently and reasonably read the 

Petition to rely on Fiorido, rather than Amazone, to teach the claimed TBE recited 

in claims 1 and 10: “Although Petitioner contends that Amazone teaches most of the 

limitations of claim 1, Petitioner relies on Fiorido to teach the claimed thrust-bearing 

element. Pet. 83. (VenHuizen and AAPA are not relied on for any of the limitations 
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of claim 1.)” Institution Decision at 37. Precision’s expert confirmed the Board’s 

understanding, conceding that Amazone does not disclose or suggest a TBE. 

Fleming Deposition at 99-101. 

84. To the extent that Precision intends to rely on Amazone to teach the 

claimed TBE, I disagree with that position. The Petition refers on its page 83 to Fig. 

227 on page 166 of the Amazone manual (Exhibit 1011 to the Petition).  The 

Petition’s reference is copied below: 

 

85. Fig. 227 illustrates a green sowing disk (1); a grey foam seal (2); and a 

white suction lid with a suction kidney (3). The Petition incorrectly annotated Fig. 

227 with the blue lead line and the label “thrust bearing element” (no hyphen).   

86. What the Petition labels as the claimed “thrust bearing element” is a 

silver-colored circular metal hub that has a projection extending from its center 

toward the sowing disk with the projection surrounded by a recessed portion that 
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defines a raised rim around the outer periphery of the hub. The raised rim is recessed 

relative to the surface of the foam seal (2) and the projection runs through the central 

hole of the disk (1) when the components are assembled. Provided below are Images 

A, B, C, D, and E, which are photographs illustrating the assembly of some of the 

components.   

 Image A 

 Image B 
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 Image C 

 Image D 

 Image E 
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87. The silver-colored metal hub presses against the white suction lid (3) 

which is a plastic support for the grey foam seal (2). The suction lid (3) has a central 

hole that receives the hub so that the raised rim of the hub is recessed relative to the 

surface of the seal (2). See Image D. The hub functions to retain the suction lid (3). 

The metal hub, the suction lid (3), and the foam seal (2) are all fixed in a stationary 

red plastic cover. 

88. Nothing in the Amazone manual indicates, as the Petition contends, that 

the hub meets the limitation of the independent claims of the ‘121 patent reciting “a 

thrust-bearing element of the sowing disc, which thrust-bearing element is supported 

rotatably in the movable portion in order to withstand at least some of the axial load 

produced by the disc on the seal.” As a matter of fact, the hub does not meet the 

claim limitation. First, because the hub is fixed in the stationary cover, the hub is not 

a thrust-bearing element “supported rotatably in the movable portion.”   

89. Moreover, as clearly illustrated in Fig. 227 above, the sowing disc has 

a central hole defining a cylindrical surface that receives the projection of the hub. 

The central hole of the sowing disk and the projection of the hub are devoid of any 

locking element (such as a seat for a key) which might engage the sowing disk with 

the hub. A person skilled in the art would understand that the sowing disk is 

supported on the projection of the hub, but that the sowing disc can freely rotate 

around and slide on the projection of the fixed hub.   
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90. In addition, the hub is recessed relative to the surface of the foam seal 

in order to avoid any contact between the surface of the hub and the surface of the 

sowing disk (i.e., there is a gap between the hub and the sowing disk when those 

components are assembled). Rather, the surface of the sowing disk contacts only the 

raised seal as the sowing disk rotates around the projection of and relative to the hub. 

See Image D (which shows the grey foam seal as forming the highest horizontal 

raised surface positioned to contact the surface of the sowing disk upon assembly of 

the sowing disk). The person skilled in the art would have no doubt that the surface 

of the sowing disk does not contact the surface of the hub because the sowing disk 

must rotate with respect to the hub. The allowance of any load-bearing action 

between the hub and the sowing disk would create additional friction -- which is 

exactly what should be avoided. Therefore, the seal (and not the hub) withstands the 

entirety of the axial load produced by the disk on the seal. The hub disclosed by 

Amazone is not a thrust-bearing element able “to withstand at least some of the axial 

load produced by the disc on the seal.”   

91. Petitioner’s reliance on Amazone and Fiorido to assert that the 

challenged independent claims would have been obvious is therefore unsupported. 

Further, as stated above for Grounds 2 and 3, Fiorido itself does not disclose a thrust-

bearing element able “to withstand at least some of the axial load produced by the 

disc on the seal.” Therefore, it is incorrect to argue, as Dr. Fleming does, that “[a] 
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POSA would understand that Fiorido’s driving disk structure could be adapted for 

use in Amazone’s disclosed structure to provide a rotating thrust-bearing element.” 

Exhibit 1003, ¶ 119. 

XII. OBJECTIVE INDICIA OF NON-OBVIOUSNESS SUPPORT  
PATENTABILITY, i.e., NONOBVIOUSNESS (GROUNDS 3 AND 4). 

92. Precision has advertised the interchangeability of its vSet devices with 

seed meters manufactured by Maschio and has provided instructions for retrofitting 

Maschio’s sowing element by replacing the original seed meter of Maschio with a 

Precision seed meter.  

93. A copy of the instructions are attached as Appendix B. The instructions 

are available on the Precision website at https://assets2.brandfolder.io/bf-boulder-

prod/x825tknv63254nm74jm3scvq/v/1081287551/original/Gaspardo%20vSet2%20

Install%20(955888).pdf. From the website precisionplanting.com, select “Product 

Resources,” then search on “Gaspardo,” then of the six documents listed select the 

third document in the list titled “Gaspardo vSet2 Install 955888.”  

94. Fiorido was published in 1993. Precision alleges that Amazone was 

published in 2005, and the VenHuizen patent issued in 2007. Thus, the industry has 

long felt a need to improve seed drills. For almost two decades between the Fiorido 

publication and the filing of the ‘121 patent in 2010, the industry suffered without a 

solution to the problems that occur when attempting to reduce seal wear despite the 

existence of the references applied by Precision to support its obviousness position. 
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95. Despite the industry’s long-felt need for improvement and the existence 

of the references cited by Precision, the industry was unable, until the claimed 

invention, to pinpoint the source of the subset of problems and to improve the art. The 

references which Precision cites as analogous are insufficient to render the claimed 

invention obvious. Otherwise, the reason why the sophisticated seed drill industry 

long suffered with inferior seed drills is unclear. If the applied art does disclose the 

limitations of the claimed invention, then it has done so for many years and the length 

of time supports a finding of nonobviousness.   

96. I visited the Precision website at www.precisionplanting.com/about and 

learned that Precision touts itself as a leading provider of agriculture technologies for 

farmers. On information and belief, conventional seed drills have long included finger 

meters for corn and brush meters for soybeans. In fact, brush meters for planting 

soybeans were introduced in the late 1980s by engineer Harry Deckler. See an article 

dated October 12, 2015, by Kinze Manufacturing, available on 

https://www.kinze.com/great-kinze-innovations-the-brush-type-seed-meter and 

provided as Appendix C. In its answer to Interrogatory No. 2 propounded by Maschio 

in the related district court litigation, Precision described the extensive development 

effort it devoted to some of its relevant products. See Exhibit 2019. Thus, Precision, 

Kinze Manufacturing, and others have long been developing new agriculture planting 
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technologies for farmers but have failed to solve the problems addressed by the '121 

patent. 

XIII. CONCLUSION 

97. This Declaration represents the opinions that I have formed up to date 

based on the material currently available to me. I reserve the right to revise, 

supplement, and/or amend my opinions stated in this Declaration based on new 

information that becomes available to me and on my continuing analysis of the 

materials available to me. 

98. I declare that all statements made herein of my knowledge are true, and 

that all statements made on information and belief are believed to be true, and that 

these statements were made with the knowledge that willful false statements and the 

like so made are punishable by fine, imprisonment, or both, under Section 1001 of 

Title 18 of the United States Code. 

DATED: 

44 
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2004-2005 Associate Professor in the Dept. of Engineering Science and Mechanics, Virginia 

Polytechnic Institute and State University (Virginia Tech) 
1999-2004 Assistant Professor in the Dept. of Engineering Science and Mechanics, Virginia Tech 
1996-1999 Research Associate in the Dept. of Mechanics, KTH 
1995/96 Göran Gustafsson Postdoctoral Fellow in the Dept. of Mechanics, KTH 
 
Professional Memberships 
 

• American Society of Mechanical Engineers (ASME), Member since 2002, Fellow since 2012 
• American Society for Engineering Education (ASEE), Member since 2000 
• Society for Industrial and Applied Mathematics (SIAM), Member since 1997 

 
Areas of Research  
 
Dynamical systems and control, computational mathematics, networks and complex systems, design 
optimization, robotics, and task scheduling; applications to renewable energy technologies, collective behavior 
of social insects and humans, constrained uncertainty quantification, large-scale field agriculture. 
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Scholarly Publications 
 
[J] – Archival Journal Publications, [C] – Conference Papers, [B] – Books, [BC] – Book Chapters 
 
2024 
• [J] Tabor, W., Smith, G., and Dankowicz, H. (2024) “Escape from Fraught States in a Coordination 

Game,” Royal Society Open Science, 11, 231314. 
• [J] Mao, Y. and Dankowicz, H. (2024) “On a Principle for Mass Sensing Using Self-Excited Template 

Dynamics of Coupled Oscillators and Root-Finding Algorithms,” Journal of Sound and Vibration, 571, 
118027 

2023 
• [J] Li, Y. and Dankowicz, H. (2023) “Model-free Continuation of Periodic Orbits in Certain Nonlinear 

Systems Using Continuous-Time Adaptive Control,” Nonlinear Dynamics, 111, pp. 4945-4957. 
• [J] Mao, Y. and Dankowicz, H. (2023) “Design of Active Network Filters as Hysteretic Sensors,” 

Nonlinear Dynamics, 111, pp. 1763-1789. 
2022 
• [J] Ahsan, Z., Dankowicz, H., Li, M., and Sieber, J. (2022) “Methods of Continuation and their 

Implementation in the COCO Software Platform with Application to Delay Differential Equations,” 
Nonlinear Dynamics, 107, pp. 3181-3243. Winner of 2022 Springer Nature Nonlinear Dynamics Best 
Paper Award. 

• [J] Dankowicz, H. and Sieber, J. (2022) “Sensitivity Analysis for Periodic Orbits and Quasiperiodic 
Invariant Tori Using the Adjoint Method,” Journal of Computational Dynamics, 9(3), pp. 329-369. 

• [C] Marry, C. Dankowicz, H., and Krishnan, G. (2022) “Continuation-Based Design of Self-Contacting 
Soft Robotic Manipulators,” in Advances in Nonlinear Dynamics, Proceedings of the Second International 
Nonlinear Dynamics Conference (NODYCON 2021), (eds: W. Lacarbonara et al.), Springer Nature 
Switzerland, pp. 341-350. 

• [C] Ahsan, Z., Kuehn, C., and Dankowicz, H. (2022) “A Boundary Value Problem for Covariance 
Analysis of Stochastically Perturbed Limit Cycles,” in Proceedings of the 18th International Conference on 
Multibody Systems, Nonlinear Dynamics, and Control, St Louis, MO, 2022, DETC2022-91153. 

2021 
• [J] Li, M. and Dankowicz, H. (2021) “A Unified Analytical Framework for a Class of Optimal Control 

Problems on Networked Systems,” IEEE Transactions on Control of Network Systems, 8(4), pp. 1822-1832. 
• [J] Rodriguez Reina, A., Nguyen, K.-D., and Dankowicz, H. (2021) "Experimental Validation of an 

Adaptive Controller for Manipulators on a Dynamic Platform," Robotica, 39(4), pp. 582-605. 
• [J] Mao, Y. and Dankowicz, H. (2021) “Topology-Dependent Excitation Response of Networks of 

Linear and Nonlinear Oscillators,” ASME Journal of Computational and Nonlinear Dynamics, 16(4), pp. 
041001 1-10. 

• [J] Li, Y. and Dankowicz, H. (2021) “Adaptive Control Designs for Control-Based Continuation of 
Periodic Orbits in a Class of Uncertain Linear Systems,” Nonlinear Dynamics, 103, pp. 2563-2579. 

2020 
• [J] Li, Y. and Dankowicz, H. (2020) “Adaptive Control Designs for Control-Based Continuation in a 

Class of Uncertain Discrete-Time Dynamical Systems,” Journal of Vibration and Control, 26(21-22), pp. 
2092-2109. 
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• [J] Dankowicz, H., Wang, Y., Schilder, F., and Henderson, M.E. (2020) “Multidimensional Manifold 
Continuation for Adaptive Boundary-Value Problems,” ASME Journal of Computational and Nonlinear 
Dynamics, 15(5), pp. 051002 1-8. 

• [J] Li, M. and Dankowicz, H. (2020) “Optimization with Equality and Inequality Constraints Using 
Parameter Continuation,” Applied Mathematics and Computation, 375, pp. 125058 1-20. 

• [J] Ahsan, Z., Dankowicz, H., and Sieber, J. (2020) “Optimization along Families of Periodic and 
Quasiperiodic Orbits in Dynamical Systems with Delay,” Nonlinear Dynamics, 99(1), pp. 837-854. 

2019 
• [J] Li, M. and Dankowicz, H. (2019) “Impact of Temporal Network Structures on the Speed of 

Consensus Formation in Opinion Dynamics,” Physica A, 523, pp. 1355-1370. 
• [J] Ahsan, Z. and Dankowicz, H. (2019) “Optimal Scheduling and Sequencing for Large-Scale Seeding 

Operations,” Computers and Electronics in Agriculture, 163, pp. 104728 1-9. 
• [J] Nguyen, K.-D. and Dankowicz, H. (2019) “Input-Delay Compensation in a Robust Adaptive 

Control Framework,” IET Control Theory & Applications, 13(11), pp. 1718-1727. 
2018 
• [J] Li, M. and Dankowicz, H. (2018) “Staged Construction of Adjoints for Constrained Optimization of 

Integro-Differential Boundary-Value Problems,” SIAM Journal on Applied Dynamical Systems, 17(2), pp. 
1117-1151. 

• [J] Li, M., Rao, V.D., Gernat, T., and Dankowicz, H. (2018) “Lifetime-Preserving Reference Models for 
Characterizing Spreading Dynamics on Temporal Networks,” Scientific Reports 8, art. no. 709. 

• [J] Gernat, T., Rao, V.D., Middendorf, M., Dankowicz, H., Goldenfeld, N., and Robinson, G.E. (2018) 
“Automated Monitoring of Behavior Reveals Bursty Interaction Patterns and Rapid Spreading 
Dynamics in Honey Bee Social Networks,” Proceedings of the National Academy of Sciences, art. no. 
201713568. 

2017 
• [J] Nguyen, K.-D., Li, Y., and Dankowicz, H. (2017) “Delay Robustness of an L1 Adaptive Controller 

for a Class of Systems with Unknown Matched Nonlinearities,” IEEE Transactions on Automatic Control, 
62(10), pp. 5485-5491. 

• [J] Saghafi, M., Dankowicz, H., and Tabor, W. (2017) “Emergent Task-Differentiation in Network 
Filters,” SIAM Journal on Applied Dynamical Systems, 16(3), pp. 1686-1709. 

• [BC] Dankowicz, H. and Fotsch, E. (2017) “On the Analysis of Chatter in Mechanical Systems with 
Impacts,” in Proceedings of 24th International Congress on Theoretical and Applied Mechanics, Procedia IUTAM 20, 
pp. 18-25. 

• [BC] Nguyen, K.-D. and Dankowicz, H. (2017) “Delay Robustness and Compensation in L1 Adaptive 
Control,” in Proceedings of IUTAM Symposium on Nonlinear and Delayed Dynamics of Mechatronic Systems, 
Procedia IUTAM 22C, pp. 10-15. 

2016 
• [J] Nguyen, K.-D. and Dankowicz, H. (2016) “Cooperative Control of Networked Robots on a 

Dynamic Platform in the presence of Communication Delays,” International Journal of Robust and 
Nonlinear Control, 27(9), pp. 1433-1461. 

• [C] Li, Y., Nguyen, K.-D., and Dankowicz, H. (2016) “A Robust Adaptive Controller for a Seed 
Refilling System on a Moving Platform,” Proceedings of Agricontrol 2016, Seattle, Washington, 2016.  
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2015 
• [J] Saghafi, M. and Dankowicz, H. (2015) “Singularities in Differential-Algebraic Boundary-Value 

Problems Governing the Excitation Response of Beam Structures,” ASME Journal of Computational and 
Nonlinear Dynamics, 10(1), art. no. 011017. Paper presented at the ASME 2013 International Design 
Engineering Technical Conferences and Computers and Information in Engineering Conference 
(DETC2013-13115). 

• [J] Nguyen, K.-D. and Dankowicz, H. (2015) “Adaptive Control of Underactuated Robots with 
Unmodeled Dynamics,” Robotics and Autonomous Systems, 64, pp. 84-99. 

• [J] Sanghvi, P. and Dankowicz, H. (2015) “A Consistent, Hybrid-Dynamical-System, Lumped-
Parameter Model of Tire-Terrain Interactions,” ASME Journal of Computational and Nonlinear Dynamics, 
10(3), art. no. 031002. 

• [J] Saghafi, M., Dankowicz, H., and West, M. (2015) “On the Use of Nonlinear Boundary-Value 
Problems to Estimate the Cloud-Formation Potential of Aerosol Particles,” SIAM Journal on Applied 
Dynamical Systems, 14(2), pp. 822-859. 

• [J] Saghafi, M., Dankowicz, H., and Lacarbonara, W. (2015) “Nonlinear tuning of microresonators for 
dynamic range enhancement,” Proceedings of the Royal Society A, 471, art. no. 20140969. 

2014 
• [J] Keefer, M.W., Wilson, S.E., Dankowicz, H., and Loui, M.C. (2014) “The Importance of Formative 

Assessment in Science and Engineering Ethics Education: Some Evidence and Practical Advice,” 
Science and Engineering Ethics, 20(1), pp. 249-260. 

• [J] DiBerardino, L.A. III and Dankowicz, H. (2014) “Accounting for Nonlinearities in Protocols for 
Fault Compensation,” ASME Journal of Computational and Nonlinear Dynamics, 9(2), art. no. 021002. 
Paper presented at the ASME 2012 International Design Engineering Technical Conferences and 
Computers and Information in Engineering Conference (DETC2012-70387). 

• [J] Jeffrey, M.R. and Dankowicz, H. (2014) “Discontinuity-Induced Bifurcation Cascades in Flows and 
Maps with Application to Models of the Yeast Cell Cycle,” Physica D, 271, pp. 32-47. 

• [C] Nguyen, K.-D. and Dankowicz, H. (2014) “Principles of Dynamics for Design Applied to a Brush-
Belt Material-Transfer System,” Proceedings of the 2nd ASME International Biennial Conference on Dynamics for 
Design, Buffalo, NY, 2014. 

• [C] Nguyen, K.-D. and Dankowicz, H. (2014) “Synchronization and Consensus of a Robot Network 
on an Underactuated Dynamic Platform,” Proceedings of 2014 IEEE/RSJ International Conference on 
Intelligent Robots and Systems, Chicago, IL, 2014. 

• [C] Tabor, W., Ritchie, R., and Dankowicz, H. (2014) "Language Emergence in the Laboratory: A 
Method Suitable to Dynamical Systems Analysis," Proceedings of 10th Biennial Evolution of Language 
Conference, Vienna, Austria, 2014. 

• [C] Markov, M., Saghafi, M., Hiskens, I.A., and Dankowicz, H. (2014) “Continuation Techniques for 
Reachability Analysis of Uncertain Power Systems,” Proceedings of 2014 IEEE International Symposium on 
Circuits and Systems, Melbourne, Australia, 2014. 

2013 
• [J] Kijowski, D., Dankowicz, H., and Loui, M. (2013) “Observations on the Responsible Development 

and Use of Computational Models and Simulations,” Science and Engineering Ethics, 19(1), pp. 63-81. 
• [J] Formica, G., Arena, A., Lacarbonara, W., and Dankowicz, H. (2013), “Coupling FEM with 

Parameter Continuation for Analysis of Bifurcations of Periodic Responses in Nonlinear Structures, 
ASME Journal of Computational and Nonlinear Dynamics, 8(2), art no. 021013. 

Page 49 of 67 Maschio Exhibit 2012



CURRICULUM VITAE - HARRY DANKOWICZ 
 

 5(11) 

• [J] Tabor, W., Cho, P.-W., and Dankowicz, H. (2013) “Birth of an Abstraction: A Dynamical Systems 
Account of the Discovery of an Elsewhere Principle in a Category Learning Task,” Cognitive Science, 
37(7), pp. 1193-1227.  

• [C] Nguyen, K.-D., Dankowicz, H., and Hovakimyan, N. (2013) “Marginal Stability in L1-adaptive 
Control of Manipulators,” Proceedings of the 9th ASME International Conference on Multibody Systems, Nonlinear 
Dynamics, and Control, Portland, OR, 2013. 

• [C] Saghafi, M. and Dankowicz, H. (2013) “Nondegenerate Continuation Problems for the Excitation 
Response of Nonlinear Beam Structures,” Proceedings of the 9th ASME International Conference on Multibody 
Systems, Nonlinear Dynamics, and Control, Portland, OR, 2013. 

• [C] DiBerardino, L.A., Dankowicz, H., and Hsiao-Wecksler, E.T. (2013) “Modeling Control 
Adaptations During Recovery from Anterior Cruciate Ligament Reconstructions,” Proceedings of the 
ASME 2013 International Mechanical Engineering Congress and Exposition, San Diego, CA, 2013. 

• [B] Dankowicz, H. and Schilder, F. (2013), Recipes for Continuation, SIAM. 
2012 
• [J] Wilcox, B. and Dankowicz, H. (2012) “An Experimental Testbed for Investigating Nonsmooth 

Bifurcations in an Electromechanical System,” Journal of Vibration and Control, 18(4), pp. 521-535. 
• [J] Dankowicz, H. and Katzenbach, M. (2012) “Discontinuity-induced Bifurcations in Models of 

Mechanical Contact, Capillary Adhesion, and Cell Division: A Common Framework,” Physica D, 
241(22), pp. 1869-1881. 

• [J] Park, K., Dankowicz, H., and Hsiao-Wecksler, E. (2012) “Characterization of Spatiotemporally 
Complex Gait Patterns Using Cross-Correlation Signatures,” Gait and Posture, 36(1), pp. 120-126. 

• [C] DiBerardino, L. and Dankowicz, H. (2012) “Accounting for Nonlinearities in Protocols for Open-
Loop Fault Compensation,” Proceedings of the 1st ASME Biennial International Conference on Dynamics for 
Design, Chicago, IL, 2012. 

• [C] Reinke, R.E. and Dankowicz, H. (2012) “Self-Calibrating Mass Flow Sensor,” Proceedings of the 1st 
ASME Biennial International Conference on Dynamics for Design, Chicago, IL, 2012. 

• [C] Sanders, J.W., Dankowicz, H., and Lacarbonara, W. (2012) “Design and Analysis of a 
Microelectromechanical Device Capable of Testing Theoretical Models of Impact at the Microscale,” 
Proceedings of the 1st ASME Biennial International Conference on Dynamics for Design, Chicago, IL, 2012. 

• [C] Wilson, S.E., Keefer, M.W., Dankowicz, H., and Loui, M.C. (2012) “Responsible Conduct of 
Research in Computational Modeling,” Proceedings of the ASME 2012 International Mechanical Engineering 
Congress and Exposition, Houston, TX, 2012. 

2011 
• [J] Dankowicz, H. and Schilder, F. (2011) “An Extended Continuation Problem for Bifurcation 

Analysis in the Presence of Constraints,” ASME Journal of Computational and Nonlinear Dynamics, 6(3), 
art. no. 031003. Paper presented at the ASME 2009 International Design Engineering Technical 
Conferences and Computers and Information in Engineering Conference (DETC2009-86343). 

• [J] Nordmark, A., Dankowicz, H., and Champneys, A. (2011) “Friction-induced Reverse Chatter in 
Rigid-body Mechanisms with Impacts,” IMA Journal of Applied Mathematics, 76(1), pp. 85-119. 

• [J] Wilcox, B. and Dankowicz, H. (2011) “Limit-switch Sensor Functionality Based on Discontinuity-
Induced Nonlinearities,” ASME Journal of Computational and Nonlinear Dynamics, 6(3), art. no. 031004. 
Paper presented at the ASME 2009 International Design Engineering Technical Conferences and 
Computers and Information in Engineering Conference (DETC2009-86560). 

• [J] Reinke, R., Dankowicz, H., Phelan, J., and Kang, W. (2011) “A Dynamic Grain Flow Model for a 
Mass Flow Yield Sensor on a Combine,” Precision Agriculture, 12(5), pp. 732-749. 
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• [J] Dankowicz, H. and Lacarbonara, W. (2011) “On Various Representations of Higher-order 
Approximations of the Free Oscillatory Response of Nonlinear Dynamical Systems,” Journal of Sound 
and Vibration, 330(14), pp. 3410-3423. 

• [C] Arena, A., Lacarbonara, W., Formica, G., and Dankowicz, H. (2011) “Nonlinear Finite Element-
Based Path Following of Periodic Solutions,” Proceedings of the 8th ASME International Conference on 
Multibody Systems, Nonlinear Dynamics, and Control, Washington, DC, USA. 

• [C] Formica, G., Arena, A., Lacarbonara, W., and Dankowicz, H.  (2011) “General-purpose Finite 
Element-based Path Following of Nonlinear Dynamical Systems,” Proceedings of the XX Congresso 
Associazione Italiana Di Meccanica Teorica E Applicata, AIMETA 2011, Bologna, Italy. 

2010 
• [J] Misra, S., Dankowicz, H., and Paul, M.R. (2010) “Degenerate Discontinuity-Induced Bifurcations in 

Tapping-Mode Atomic-Force Microscopy,” Physica D 239, pp. 33-43. 
• [J] Misra, S. and Dankowicz, H. (2010) “Control of Near-grazing Dynamics and Discontinuity-induced 

Bifurcations in Piecewise-smooth Dynamical Systems,” International Journal of Robust and Nonlinear Control 
20(16), pp. 1836-1851.  

• [C] Katzenbach, M. and Dankowicz, H. (2010) “Singular Loss of Stability due to Hysteretic Capillary 
Interactions in Atomic-Force Microscopy,” Proceedings of the 4th International Conference on Micro- and 
Nanosystems, Montreal, Canada. 

• [C] Dankowicz, H. and Lacarbonara, W. (2010) “Zeroth-Order Corrections to the Euler-Bernoulli 
Beam Model,” Proceedings of the Special Conference on Mechanical Vibration and Noise, Montreal, Canada. 

• [C] Sanghvi, P., Dankowicz, H., and Romig, B.E. (2010) “A Steady-State Model for Interaction 
Between a Deformable Tire and a Deformable Terrain,” Proceedings of the 12th International Conference on 
Advanced Vehicle and Tire Technologies, Montreal, Canada. 

• [C] Reinke, R., Dankowicz, H., and Phelan, J. (2010) “Modeling and calibration of combine, impact 
plate, yield sensors,” Society of Automotive Engineers 2010 Commercial Vehicle Engineering Congress 
and Exhibition, Rosemont, Illinois, October 5-6, 2010. Reprinted in SAE International Journal of 
Commercial Vehicles, 3(1), pp. 241-249, 2010. Erratum printed in SAE International Journal of Commercial 
Vehicles, 5(1), p. 420, 2012. 

2009 
• [J] Kang, W., Wilcox, B., Dankowicz, H., and Thota, P. (2009) “Bifurcation Analysis of a Microactuator 

Using a New Toolbox for Continuation of Hybrid System Trajectories,” ASME Journal of Computational 
and Nonlinear Dynamics 4(1), pp. 011009 1-8. Paper presented at the ASME 2007 International Design 
Engineering Technical Conferences and Computers and Information in Engineering Conference 
(DETC2007-34441). 

• [J] Eriten, M. and Dankowicz, H. (2009) “A Rigorous Dynamical-Systems-Based Analysis of the Self-
Stabilizing Influence of Muscles,” ASME Journal of Biomechanical Engineering 131, pp. 011011 1-8. Paper 
presented at the ASME 2007 International Design Engineering Technical Conferences and Computers 
and Information in Engineering Conference (DETC2007-34469). 

• [J] Nordmark, A., Dankowicz, H., and Champneys, A. (2009) “Discontinuity-Induced Bifurcations in 
Systems with Impact and Friction; Discontinuities in the Impact Law,” International Journal of Non-Linear 
Mechanics 44, pp. 1011-1023. 

• [J] Dankowicz, H. and Paul, M.R. (2009) “Discontinuity-induced Bifurcations in Systems with 
Hysteretic Force Interactions,” ASME Journal of Computational and Nonlinear Dynamics 4, pp. 041009 1-6. 
Paper presented at the ASME 2008 Eight Biennial Conference on Engineering Systems Design and 
Analysis (ESDA2008-59293). 
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• [J] Wilcox, B., Svahn, F., Dankowicz, H., and Jerrelind, J. (2009) “Transient Growth Rates of Near-
grazing Impact Velocities: Theory and Experiments,” Journal of Sound and Vibration 325, pp. 950-958. 

• [J] Svahn, F. and Dankowicz, H. (2009) “Controlled onset of low-velocity collisions in a vibro-
impacting system with friction,” Proceedings of the Royal Society of London, series A 465, pp. 3647-3665. 

• [C] Wilcox, B. and Dankowicz, H. (2009) “Design of Limit-switch sensors Based on Discontinuity-
Induced Nonlinearities,” Proceedings of 22nd ASME Biennial Conference on Mechanical Vibration and Noise, 
San Diego, California, USA. First Prize in Student Paper Competition. 

• [C] Wilcox, B., Lacarbonara, W., and Dankowicz, H. (2009), “Response of Electrostatically Actuated 
Flexible MEMS Structures to the Onset of Low-Velocity Contact,” Proceedings of 7th ASME International 
Conference on Multibody Systems, Nonlinear Dynamics, and Control, San Diego, California, USA. 

• [C] Dankowicz, H. and Schilder, F. (2009), “An Extended Continuation Problem for Bifurcation 
Analysis in the Presence of Constraints,” Proceedings of 7th ASME International Conference on Multibody 
Systems, Nonlinear Dynamics, and Control, San Diego, California, USA. 

• [BC] Dankowicz, H. and Svahn, F. (2009), “Control of Instabilities Induced by Low-Velocity Collisions 
in a Vibro-Impacting System with Friction,” in Vibro-Impact Dynamics of Ocean Systems (eds: R.A. Ibrahim 
et al.), Springer-Verlag, Berlin Heidelberg, pp. 41-52. 

2008 
• [J] Svahn, F. and Dankowicz, H. (2008) “Energy Transfer in Vibratory Systems with Friction due to 

Low-velocity Collisions,” Journal of Vibration and Control 14(1-2), pp. 255-284.  
• [J] Misra, S., Dankowicz, H., and Paul, M. (2008) “Event-driven Feedback Tracking and Control of 

Tapping-Mode Atomic Force Microscopy,” Proceedings of the Royal Society of London, series A 464, pp. 
2113-2133.  

• [J] Hashemi, N., Dankowicz, H., and Paul, M.R. (2008) “The Nonlinear Dynamics of Tapping Mode 
Atomic Force Microscopy with Capillary Force Interaction,” Journal of Applied Physics 103, pp. 093512 1-
6.  

• [J] Thota, P. and Dankowicz, H. (2008) “TC-HAT: A Novel Toolbox for the Continuation of Periodic 
Trajectories in Hybrid Dynamical Systems,” SIAM Journal of Applied Dynamical Systems 7(4), pp. 1283-
1322.  

• [J] Hashemi, N., Paul, M.R., Dankowicz, H., Lee, M., and Jhe, W. (2008) “The Dissipated Power in 
Atomic Force Microscopy due to Interactions with a Capillary Fluid Layer,” Journal of Applied Physics 
104, pp. 063518 1-5. 

• [C] Dankowicz, H. and Paul, M.R. (2008), “Discontinuity-induced Bifurcations in Systems with 
Hysteretic Force Interactions,” Proceedings of the 9th Biennial ASME Conference on Engineering Systems Design 
and Analysis, Haifa, Israel.  

• [BC] Svahn, F., Jerrelind, J., and Dankowicz, H. (2008), “Suppression of Bumpstop Instabilities in a 
Quarter-Car Model,” in Non-smooth Problems in Vehicle Systems Dynamics (eds: P.G. Thomsen, H. True), 
Springer-Verlag, Berlin Heidelberg, pp. 137-147. 

2007 
• [J] Dankowicz, H. (2007) “On the Purposeful Coarsening of Smooth Vector Fields,” Nonlinear Dynamics 

50(3), pp. 511-522. 
• [J] Dankowicz, H., Zhao, X., and Misra, S. (2007) “Near-Grazing Dynamics in Tapping-Mode Atomic 

Force Microscopy,” International Journal of Non-Linear Mechanics 42, pp. 697-709.  
• [J] Thota, P., MacLaren, S., and Dankowicz, H. (2007) “Controlling Bistability in Tapping-Mode AFM 

using Dual Frequency Excitation,” Applied Physics Letters 91, pp. 0931081-3. 
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• [J] Dankowicz, H. and Svahn, F. (2007) “On the Stabilizability of Near-grazing Dynamics in Impact 
Oscillators,” International Journal of Robust and Nonlinear Control 17, pp. 1405-1429. 

• [C] Kang, W., Wilcox, B., Dankowicz, H., and Thota, P. (2007) “Bifurcation Analysis of a 
Microactuator Using a New Toolbox for Continuation of Hybrid System Trajectories,” Proceedings of 6th 
ASME International Conference on Multibody Systems, Nonlinear Dynamics and Control, Las Vegas, Nevada, 
USA. 

• [C] Eriten, M. and Dankowicz, H. (2007) “A Rigorous Dynamical-Systems-Based Analysis of the Self-
Stabilizing Influence of Muscles,” Proceedings of 6th ASME International Conference on Multibody Systems, 
Nonlinear Dynamics and Control, Las Vegas, Nevada, USA. 

• [C] Hashemi, N., Paul, M., and Dankowicz, H. (2007) “Exploring the Basins of Attraction of Tapping 
Mode Atomic Force Microscopy with Capillary Force Interactions,” Proceedings of the 2007 ASME 
International Mechanical Engineering Congress and Exposition, Seattle, Washington, USA. 

2006 
• [J] Thota, P. and Dankowicz, H. (2006) “Continuous and Discontinuous Grazing Bifurcations in 

Impacting Oscillators,” Physica D 214, pp. 187-197.  
• [J] Zhao, X. and Dankowicz, H. (2006) “Unfolding Degenerate Grazing Dynamics in Impact 

Actuators,” Nonlinearity 19, pp. 399-418.  
• [J] Zhao, X. and Dankowicz, H. (2006) “Control of Impact Microactuators for Precise Positioning,” 

ASME Journal of Computational and Nonlinear Dynamics 1(1), pp. 65-70.  
• [J] Zhao, X. and Dankowicz, H. (2006) “Characterization of Intermittent Contact in Tapping Mode 

Atomic Force Microscopy,” ASME Journal of Computational and Nonlinear Dynamics 1(2), pp. 1-8. Paper 
presented at the ASME 2005 International Design Engineering Technical Conferences and Computers 
and Information in Engineering Conference (DETC2005-84741). 

• [J] Jerrelind, J. and Dankowicz, H. (2006) “A Global Control Strategy for Efficient Control of a Braille 
Impact Hammer,” Journal of Vibration and Acoustics 128, pp. 184-189.  

• [J] Dankowicz, H. and Thakur, G. (2006) “A Newton Method for Locating Invariant Tori of Maps,” 
International Journal of Bifurcation and Chaos 16(5), pp. 1491-1503.  

• [J] Dankowicz, H. (2006) “Nonlinear Dynamics as an Essential Tool for Nondestructive 
Characterization of Soft Nanostructures using Tapping Mode Atomic Force Microscopy,” Philosophical 
Transactions of the Royal Society A 364, pp. 3505-3520.  

• [J] Thota, P. and Dankowicz, H. (2006) “Analysis of Grazing Bifurcations of Quasiperiodic System 
Attractors,” Physica D 220, pp. 163-174. 

• [J] Thota, P., Zhao, X., and Dankowicz, H. (2006) “Co-dimension-two Grazing Bifurcations in Single-
degree-of-freedom Impact Oscillators” ASME Journal of Computational and Nonlinear Dynamics 1(4), pp. 
328-335.  

• [C] Dankowicz, H. (2006) “Teaching Advanced Modeling of Multibody Mechanisms to Non-
Traditional Engineering Students,” Proceedings of ASEE, 2006 Illinois-Indiana and North Central Joint Section 
Conference, Fort Wayne, Indiana, March 31-April 1. 

2005 
• [J] Piiroinen, P. and Dankowicz, H. (2005) “Low-Cost Control of Repetitive Gait in Passive Bipedal 

Walkers,” International Journal of Bifurcation and Chaos 15(6), pp. 1959-1973. 
• [J] Dankowicz, H. and Zhao, X. (2005) “Local analysis of co-dimension-one and co-dimension-two 

grazing bifurcations in impact microactuators,” Physica D 202, pp. 238-257. 
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• [J] Dankowicz, H. and Jerrelind, J. (2005) “Control of Near-grazing Dynamics in Impact Oscillators,” 
Proceedings of the Royal Society of London, series A 461(2063), pp. 3365-3380.  

• [C] Thota, P., Zhao, X., and Dankowicz, H. (2005) “Continuous and Discontinuous Grazing 
Bifurcations in Impact Oscillators,” Proceedings of ENOC 2005, EUROMECH Nonlinear Dynamics 
Conference, Eindhoven, The Netherlands, Aug 7-12, pp. 213-222. 

• [C] Dankowicz, H. and Zhao, X. (2005) “Near-Grazing Dynamics in Tapping-Mode Atomic Force 
Microscopy,” Proceedings of ENOC 2005, EUROMECH Nonlinear Dynamics Conference, Eindhoven, The 
Netherlands, Aug 7-12, pp. 2121-2130. 

• [C] Zhao, X. and Dankowicz, H. (2005) “Characterization of Intermittent Contact in Tapping-Mode 
Atomic Force Microscopy,” Proceedings of 5th ASME International Conference on Multibody Systems, Nonlinear 
Dynamics and Control, Long Beach, California, USA, #84741. 

• [C] Chan, B.J., Thompson, N., Sandu, C., and Dankowicz, H. (2005) “A Novel Tire-soil Interaction 
Model for Simulation of Off-road Vehicles,” Proceedings of the 15th International Conference of the International 
Society for Terrain-Vehicle Systems, Hayama, Japan, September 25-29, #3A03. 

2004 
• [J] Zhao, X., Dankowicz, H., Reddy, C.K., and Nayfeh, A.H. (2004) “Modeling and Simulation 

Methodology for Impact Microactuators,” Journal of Micromechanics and Microengineering 14, pp. 775-784. 
• [C] Zhao, X., Dankowicz, H., Reddy, C.K., and Nayfeh, A.H. (2004) “Dynamic Simulation of an 

Electrostatically Actuated Impact Microactuator,” in Proceedings of 2004 Nanotechnology Conference and 
Trade Show, Boston, Massachusetts, March 7-11, pp. 247-250. 

• [C] Zhao, X., Dankowicz, H., Nayfeh, A. (2004) “Modelling of the Nonlinear Dynamics of Electrically 
Driven Impact Microactuators,” Proceedings of the 2004 International Conference on MEMS, NANO and 
Smart Systems, Banff, Canada, August 25-27, pp. 700-705. 

• [B] Dankowicz, H. (2004), Multibody Mechanics and Visualization, Springer Verlag. 
2003 
• [J] Piiroinen, P., Dankowicz, H., and Nordmark, A.B. (2003) “Breaking Symmetries and Constraint: 

Transitions from 2D to 3D in Passive Walkers,” Multibody System Dynamics 10(2), pp. 147-176. 
• [C] Jerrelind, J. and Dankowicz, H. (2003), “Low-Cost Control of Impact Hammer Performance,” 

Proceedings of 19th Biennial Conference on Mechanical Vibration and Noise, Chicago, Illinois, USA. 
2002 
• [J] Dankowicz, H. (2002) “Slow Diffusion and Effective Stability of Dust Particles Orbiting Asteroids,” 

Celestial Mechanics and Dynamical Astronomy 84(1), pp. 1-25. 
• [J] Dankowicz, H., Piiroinen, P., and Nordmark, A.B. (2002) “Low-Velocity Impacts of Quasi-Periodic 

Oscillations,” Chaos, Solitons, and Fractals 14(2), pp. 241-255. 
• [J] Dankowicz, H. and Piiroinen, P. (2002) “Exploiting Discontinuities for Stabilization of Recurrent 

Motions,” Dynamical Systems 17(4), pp. 317-342. 
2001 
• [J] Dankowicz, H., Adolfsson, J., and Nordmark, A.B. (2001) “Repetitive Gait of Passive Bipedal 

Mechanisms in a Three-Dimensional Environment,” Journal of Biomechanical Engineering 123, pp. 40-46. 
• [J] Adolfsson, J., Dankowicz, H., and Nordmark, A.B. (2001) “3D Passive Walkers: Finding Periodic 

Gaits in the Presence of Discontinuities,” Nonlinear Dynamics 24(2), pp. 205-229. 
• [J] Piiroinen, P., Dankowicz, H., and Nordmark, A.B. (2001) “On a Normal Form Analysis for a Class 

of Bipedal Walkers,” International Journal of Bifurcation and Chaos 11(9), pp. 2411-2425. 
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• [C] Dankowicz, H., Piiroinen, P., and Nordmark, A.B. (2001), “Grazing Bifurcations of Initially Quasi-
Periodic System Attractors,” Proceedings of 18th Biennial Conference on Mechanical Vibration and Noise, 
Pittsburgh, Pennsylvania, USA. 

2000 
• [J] Dankowicz, H. and Nordmark, A.B. (2000) “On the Origin and Bifurcations of Stick-Slip 

Oscillations,” Physica D 136(3-4), pp. 280-302. 
• [C] Dankowicz, H. and Nordmark, A.B. (2000), “Stick-slip oscillations – Quo Vadis,” in Proceedings of the 

1st International Symposium on Impact and Friction of Solids, Structures and Intelligent Machines, Ottawa, Canada, 
1998, World Scientific Publishing Co. Pte. Ltd., pp. 95-98. 

• [BC] Dankowicz, H. (2000), “Robotics – New Approaches to the Mobility of Mechanisms,” in Swedish 
Mechanics in the 21th century, ed. H. Alfredsson, G. Amberg, the Swedish National Committee for 
Mechanics, in Swedish, pp. 67-85.  

1999 
• [J] Dankowicz, H. and Coller, B. D. (1999) “Evolving Control Strategies for Suppressing Heteroclinic 

Bursting,” Dynamics and Control 9(2), pp. 149-171. 
• [J] Dankowicz, H. (1999) “On the Modeling of Dynamic Friction Phenomena,” ZAMM 79(6), pp. 399-

409. 
• [J] Dankowicz, H. (1999) “On the Successive Constraints Imposition Approach to Multibody 

Mechanisms,” Multibody System Dynamics 3, pp. 267-286. 
1998 
• [B] Dankowicz, H. (1998), Mechanics Problems, and Their Solutions, Royal Institute of Technology, 

Stockholm, Sweden. 
1997 
• [J] Dankowicz, H. (1997) “Escape of Particles Orbiting Asteroids in the Presence of Radiation Pressure 

through Separatrix Splitting,” Journal of Celestial Mechanics and Dynamical Astronomy 67(1), pp. 63-85. 
• [BC] Elezgaray, J., Berkooz, G., Dankowicz, H., Holmes, P., and Myers, M. (1997), “Local Models and 

Large Scale Statistics of the Kuramoto-Sivashinsky Equation,” in Multiscale Wavelet Methods for Partial 
Differential Equations, ed. W. Dahmen, A. Kurdila & P. Oswald, Academic Press, pp. 441-471. 

• [BC] Dankowicz, H. (1997), “Dynamical Friction Modeling,” in Computational Methods in Contact 
Mechanics III, ed. M.H. Aliabadi, A. Samartin, Computational Mechanics Publications, pp. 227-236. 

• [B] Dankowicz, H. (1997), Chaotic Dynamics in Hamiltonian Systems; with applications to celestial mechanics, 
World Scientific Publishing Co. 

1996 
• [J] Dankowicz, H. (1996) “Looking for Chaos. An Extension and Alternative to Melnikov's Method,” 

International Journal of Bifurcation and Chaos 6(3), pp. 485-496. 
• [J] Dankowicz, H. (1996) “Analytical Expressions for Stable and Unstable Manifolds in Higher Degree 

of Freedom Systems,” International Journal of Bifurcation and Chaos 6(11), pp. 1997-2013. 
• [J] Dankowicz, H., Holmes, P., Berkooz, G., and Elezgaray, J. (1996) “Local Models of Spatio-

Temporally Complex Fields,” Physica D 90, pp. 387-407.  
• [J] Thylwe, K.-E. and Dankowicz, H. (1996) “Time-Dependent Normal Form Hamiltonian for 

Dynamical Equilibria,” Journal of Physics A: Mathematical and General 29, pp. 3707-3722. 
• [J] Thylwe, K.-E. and Dankowicz, H. (1996) “Nonlinear Phase-Integral Approximations of Stationary 

Waves in Nonhomogeneous Systems,” Journal of Physics A: Mathematical and General 30, pp. 697-710. 
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1995 
• [J] Dankowicz, H. and Holmes, P. (1995) “The Existence of Transverse Homoclinic Points in the 

Sitnikov Problem,” Journal of Differential Equations 116(2), pp. 468-483. 
• [J] Dankowicz, H. (1995) “The Two-Body Problem with Radiation Pressure in a Rotating Reference 

Frame,” Journal of Celestial Mechanics and Dynamical Astronomy 61(3), pp. 287-313. 
1994 
• [J] Dankowicz, H. (1994) “Some Special Orbits in the Two-Body Problem with Radiation Pressure,” 

Journal of Celestial Mechanics and Dynamical Astronomy 58, pp. 353-370. 
 
Selected Intellectual Property 
 
• Dankowicz, H. and Reinke, R. (2015) “Self-Calibrating Mass Flow Sensor System,” US Patent 9,127,972. 
• Dankowicz, H. and Nguyen, K. (2012) “Brush Design for Seed-Delivery Systems,” invention disclosure, 

UIUC. 
• Dankowicz, H., Leo, D., Ballmer, A., Beeman, J., Dillon, T., Lassaletta, A. and O’Connor, R. (2005) 

“Computer-aided three-dimensional bending of spinal rod implants, other surgical implants and other 
articles, systems for three-dimensional shaping, and apparatuses therefor”, US Patent Application. 

• Dankowicz, H., Hutchison, J., and Shilt, J. (2005) “Systems and methods for multi-dimensional 
characterization and classification of spinal shape,” US Patent Application. 

• Dankowicz, H. and Dutta, A. (2003) “Active Ankle Foot Orthosis/Prosthesis to Enhance Gait Stability,” 
invention disclosure, Virginia Tech. 

 
Selected Research Funding 
 
• “INSPIRE: Asynchronous Communication, Self-Organization, and Differentiation in Human and Insect 

Networks,” NSF, 2012-2018 
• “Cooperative Human-Robot Networks for Agricultural Applications,” National Institute of Food and 

Agriculture, 2014-2018 
• “An Algorithm Suite for Computational Nonlinear Analysis of Power Systems,” NSF, 2010-2014 
• “Ultrafast and Robust, Resettable Threshold Sensors Based on Discontinuity-Induced Nonlinearities,” 

NSF, 2009-2012 
• “Self-Calibrating Mass-Flow Sensor,” John Deere & Company, 2008-2010 
• “Suppression of Catastrophic Loss of Stability of Low-Velocity Impacting Motions,” Swedish Science 

Council, 2004-2008 
• “GOALI: Minimum-Contact Tapping-Mode Atomic Force Microscopy for Nondestructive 

Characterization of Soft Nanostructures,” NSF, 2005-2009 
• “PECASE: Analysis and Design of Discontinuity-Driven Bifurcations,” NSF, 2003-2010 
 
Selected Honors 
 
• Archie Higdon Distinguished Educator Award, ASEE, 2017 
• Fred Merryfield Design Award, ASEE, 2013 
• Presidential Early Career Award for Scientists and Engineers, NSF, 2003  
• Professor Gunnar Wallquist Medal, KTH, 1992 
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Gaspardo Install 

Step 1: 
Prepare OEM meter for removal. 
• Remove the ground drive and shaft from the OEM meter. 

• Loosen the vacuum hose clamp and remove the vacuum hose. Keep the hose clamp to be used later. 
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Step 2: 
Remove OEM Meter. 
• Remove the nuts and bolts that secure the meter to the row unit shank. 

• Remove the OEM meter and hopper from the shank and set them aside. 
 

 
Step 3: 
Prepare vSet2 Hopper Assembly. 
• Fasten the bracket adapter to the base. Make sure the lock nuts are located on the correct side of 

the bracket, as shown. 

• Insert the spacers into the hopper adapter. 
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Step 4: 
Install vSet2 Hopper Assembly. 
• Insert the hopper adapter into the OEM hopper as shown. It should fit tightly in the hopper. 

• Use the supplied hardware to fasten the Hopper Assembly to the shank. The two M10 x 150 mm 
bolts pass through the hopper adapter spacers. The M10 x 25 mm bolt fastens the bracket adapter 
to the shank. 

• Make sure the M10 x 25 mm bolt head is on the side of the shank as shown. 

• Re-attach the OEM hopper using the original nuts and bolts. If needed use the M6 hardware 
supplied in the 768772 hardware kit. 

Note: Wait to fully re-tighten all hardware until after the vSet2 meter and OEM 
hopper are both installed. 

 

 
Step 5: 
Remove the lower cover from the meter cover to install the seed tube sensor. 
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Step 6: 
Install vSet2 Meter Cover Assembly (768748) 
• Install the exit chute boot onto the meter cover assembly as shown. 

• Slide the meter into the hopper assembly. It should fit tightly against the bracket; slide down until 
the hook is securely against the bracket. 

• Using the #2 Phillips screwdriver, install 2x plastite screws to hold the meter cover to the bracket. 
Tighten the screws to seated + 1/8 turn. 

 

 

Step 7: 
Install Meter Vent & vDrive. 
• Slide the meter vent assembly (768755) over meter cover until it is flush against the bracket. 

• Use the knob (200156) to secure the vent to the coupling nut in the bracket assembly. 

• Install the meter with vDrive. 
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Step 8: 
The Gaspardo seed tube will need to be modified. 
• Make a mark 1-1/16” or 27mm down from 

the top of the seed tube. 

• Draw a line across the tube and cut the 
top of the tube off. 

 
 
 
 
 
 
 
 
 
 
 

 
Step 9: 
Connect the vSet2 to the Gaspardo vac system. 
• Cut the stock hose around the parallel 

arms as shown below. 

• Next install the (731101) adapter from 
kit 731309 onto the Gaspardo vac 
hose. 

• Install the 1.5” Precision vac hose from 
the adapter to the elbow (731104). 

• Secure the elbow to the (768718) vac inlet 
on the meter. 
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KINZE 

Home Innovation in Agriculture Great Kinze Innovations: the Brush Type Seed Meter 

 
 

October 12, 2015 by Kinze Manufacturing 

 
 

It was the late 1980s when engineer Harry Deckler came up with a big idea for a new seed meter that would allow farmers to plant 

soybeans with unmatched accuracy. Deckler was wholly confident in his idea, but his current employer didn't share his enthusiasm 

and vision. 

 
So Deckler reached out to Jon Kinzenbaw of Kinze Manufacturing. What followed would change the row crop planter industry forever. 

 
Until that time, soybeans were planted with a grain drill and were not accurately singulated. Deckler's idea was to design a disc with 

seed pockets located around the periphery, which would agitate and singulate the seeds as the disc rotated within the seed reservoir. 

Kinzenbaw recognized its potential right away. 
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"The companies were holding Harry back and wouldn't let him move forward with his product idea. So he 

came to me and said he had an idea to build a soybean meter that would singulate the seed. And I said why 

don't you come to work for us and we'll build that," Jon recalls. "We struck up a deal, hired Harry, he came here 

to Kinze, and within a month of him being here he had a working model of what we called the brush meter. It 

was so simple it was almost comical to watch it." 

 
In the beginning, Jon and Harry agreed to keep the project top secret. 

 
"Jon thought it was an idea worth pursuing. When I first started working for him we talked about it and I 

started working over at his farm machine shop to keep it quiet what we were working on. I spent most of my 

time over there developing the brush seed meter," Harry said. 

 
A very soft-bristled brush that made contact with the face of the disc held the seeds in place while also 

brushing away the extra seeds. The brush meter had a very high accuracy rate (in the high 90th percentile), 

with no doubles and no skips. What's more, it had only one moving part. 

 
It was a simple yet profound idea. And much to Jon and Harry's surprise, Harry hadn't been the only one 

who'd come up with it. When an engineer named Gene Keaton shared a similar prototype with Jon and Harry, 

the two just laughed. At first, Keaton mistook their reaction as a criticism of his invention. But then Jon and 

Harry showed him their prototype. 

 
"We took Gene Keaton over to the farm and showed him our version of the meter and he started laughing," 

Jon said. "But it was just one of those things where three of us got together and agreed on a deal, and didn't 

fight each other, and we ended up with a good solid patent on the brush meter. We sold that meter by the tens 

of thousands and still do." 

 
The Kinze brush meter nearly eliminated the need for grain drills, and immediately revolutionized the 

planting of soybeans. Today it remains one of our most popular seed meters, which goes to show 

simplicity, accuracy and efficiency never go out of style. 
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