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1. INTRODUCTION

1. My name is Tim A. Osswald, and I declare as follows:

2. [ am a citizen of the United States and am over 18 years of age. 1 have
personal knowledge of the matters stated in this declaration.

3. I have been asked to provide technical assistance in the inter partes
review of U.S. Patent No. 9,168,698, which I may abbreviate as “the 698 Patent”
or refer to as the “Challenged Patent.” I understand that this patent is owned by
Stratasys, Inc. (“Stratasys”). This declaration is a statement of my opinions on issues
related to the patentability of claims of the Challenged Patent.

A.  Qualifications and Experience

4. [ am a Professor Emeritus at the University of Wisconsin-Madison in
the Department of Mechanical Engineering, where I was the Co-Director of the
Polymer Engineering Center. I am also an Honorary Professor of Plastics
Technology at the University of Erlangen-Nuremberg in Germany and the National
University of Colombia.

5. I earned both a Bachelor of Science degree (1981) and a Master of
Science degree (1982) in Mechanical Engineering from the South Dakota School of
Mines & Technology. I also earned a Ph.D. (1987) in Mechanical Engineering from
the University of Illinois at Urbana-Champaign. My Ph.D. research was in the field

of polymer processing.
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6. From 1987 to the present, I have held a variety of professional and
academic positions. I was a consultant for the Dynamit Nobel Research Center in
Leverkusen, Germany, as well as a Humboldt Fellow at the Institute for Plastics
Processing at the Technical University of Aachen, Germany between 1987 and 1989.
In 1989, I joined the Mechanical Engineering Department at the University of
Wisconsin-Madison as an Assistant Professor. I became a Full Professor in 1999.

7. I have extensive experience with polymer part manufacturing processes
and extensive experience with behavior and characterization of polymeric materials,
including thermoplastics, thermosets, and rubber. I have in-depth knowledge in
various polymer processing techniques, such as extrusion and molding processes, as
well as composites manufacturing and additive manufacturing (also known as 3-D
printing). I have in-depth knowledge of additive manufacturing and additive
manufacturing patent history.

8. I am a member of numerous professional societies and organizations.
For example, | am a member of the Society of Plastics Engineers, the Scientific
Alliance of the University Professors of Polymer Technology, the Polymer
Processing Society (where I currently serve as Treasurer), and the German Technical
Journalists Organization (DFJV).

0. For over 30 years, I have conducted research and taught classes in the

field of mechanical engineering, and more specifically regarding polymer and
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composite materials and polymer and composite processing. My research has
focused on polymer and polymer composites processing, polymer and polymer
composites materials science, and engineering design with polymers and polymer
composites. Furthermore, I regularly serve as a consultant to the plastics industry
and have extensive experience dealing with additive manufacturing and design and
manufacture of additive manufacturing equipment. I am currently part of the
Scientific Advisory Board for SABIC Specialties, and the Scientific Advisory
Council of SABIC, a large chemical company. I also served on the Technical
Advisory Board of Teel Plastics, a pipe extrusion company, and the Madison Group,
a plastics consulting firm.

10.  Since February of 2019, I have served as an Advisory to the Colombian
President on matters regarding science and technology, and the creation of a new
Ministry of Science, Technology, and Innovation.

11. At the University of Wisconsin-Madison, I developed and taught a
variety of courses, including Polymer Manufacturing Processes, Introduction to
Transport Phenomena in Polymer Engineering, Engineering Design with Polymers,
Modeling and Simulation in Polymer Processing, Introduction to Polymer Additive
Manufacturing and Introduction to Polymer Composites Processing. My courses
include units on fundamental aspects of polymer engineering, such as melting,

solidification, and flow, as well as processing techniques such as injection molding,
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extrusion processes, additive manufacturing, composites processes and secondary
operations such as thermoforming, blow molding, film casting, film blowing,
joining, and welding. In my additive manufacturing course, I teach a whole unit on
intellectual property in additive manufacturing, as well as the underlying physics
that govern the various additive manufacturing processes.

12. In addition to my teaching and research duties at the University of
Wisconsin-Madison, twice a year | taught a Modeling and Simulation in Polymer
Processing course at the University of Nuremberg-Erlangen in Germany. Since 2020
I teach the course Simulation of Polymer Additive Manufacturing Processes at the
University of Nuremberg-Erlangen in Germany. I have also taught the Materials
Science of Polymers for Engineers and Polymer Processing courses at the EAFIT
University and the National University in Colombia, and the course Polymer
Additive Manufacturing at the Universidad de Los Andes in Bogota, Colombia.

13.  Over the years, my research and teaching have led to the issuance of
seven patents, including patents in the field of additive manufacturing, as well as
several honors, and awards. For example, in 2001 I was the recipient of the VDI-K
(German Engineering Society — Plastics) Dr. Richard Escales Prize; in 2006, I was
named Honorary Professor at the University of Erlangen-Nuremberg in Germany,
and in 2010 I was name Honorary Professor at the National University of Colombia;

in 2016, I was named Educator of the Year by the Society of Plastics Engineers
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(SPE); and in 2017, the same organization named me Educator of the Year in the
Field of Composites.

14. 1 have also published over 400 papers in the field of polymer
engineering and have authored 11 books in the area: Polymer Materials Science for
Engineers (Hanser Publishers, 1% Edition 1996, 2" Edition 2003, 3™ Edition 2012),
Polymer Processing Fundamentals (Hanser Publishers, 1998), Injection Molding
Handbook (Hanser Publishers, 15Edition 2001, 2" Edition 2006), Compression
Molding (Hanser Publishers, 2003), Polymer Processing — Modeling and Simulation
(Hanser Publishers, 2006), Plastics Handbook (Hanser Publishers 2006, 2019),
Kunststoff-Taschenbuch (Hanser Publishers 2006, 2013, 2022), Plastics Testing and
Characterization (Hanser Publishers, 2007), Understanding Polymer Processing
(Hanser Publishers, 1% Edition 2010, 2" Edition 2017, 3™ Edition 2025), and
Discontinuous Fiber-Reinforced Composites — Fundamentals and Applications
(Hanser Publishers, 2020). Some of my books have been translated into Chinese,
Japanese, Spanish, Italian, Farsi, and Russian. I am also the series editor for the
Plastics Pocket Power Series of Hanser Publishers. I am one of the authors of the
“Plastics Handbook — The Resource for Plastics Engineers,” (‘“Plastics Handbook™)
published by Hanser Publishers, which came out in its 5" edition in 2019. I am also
one of the co-authors of the German version of the Plastics Handbook, which was

published in its 32" edition in 2022. The Plastics Handbook is a complete
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compendium of polymer materials, polymer processes and polymer characterization
techniques. The processing chapter presents the major additive manufacturing
techniques. While the Plastics Handbook is a book for practitioners and engineers,
some of my other books are polymer engineering textbooks that are used in courses
taken by undergraduate and graduate students throughout the world. One such book
is Understanding Polymer Processing, which contains a chapter on additive
manufacturing. Other books are more advanced, and are used by researchers at
universities and in the industry to acquire in-depth knowledge in polymer
engineering. [ have also conducted collaborative research at the interface of polymer
engineering and biomaterials/biosystems, resulting in publications in journals such
as Acta Biomaterialia and AIMS Bioengineering, and presentations at
bioengineering-focused conferences

15. My academic and professional background and qualifications are
further elaborated in my curriculum vitae (Appendix A).

B. Compensation

16. I am being compensated at my normal rate of $700 per hour for my
analysis, plus reimbursement for expenses. My compensation does not depend on

the content of my opinions or the outcome of this proceeding.
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C.  Scope of Work and Materials Considered

17.  This declaration is based on my education, personal knowledge, and
professional and academic experience in the area of three-dimensional printing.

18. I have been asked to review the Challenged Patent and its prosecution
history, to provide an understanding of the technology relevant to the Challenged
Patent, to review certain prior-art references, and to analyze whether or not those
references disclose or teach limitations of claims from the Challenged Patent.

19. The opinions stated in this declaration are from the perspective of a
Person of Skill in the Art (POSITA) as of October 29, 2012, whose qualifications
and abilities are described below.

20. In forming my opinions, I have reviewed the Challenged Patent, its
prosecution history, the materials cited in the List of Exhibits, and the materials cited
throughout my declaration. I have also relied on my academic and professional
experience in reaching the opinions expressed in this declaration.

II. THE CHALLENGED CLAIMS OF THE 698 PATENT

21. I understand that Petitioner has challenged claims 1-16 of the 698
Patent (the “Challenged Claims™). The Challenged Claims are set forth below, with

some claim elements further sub-divided for ease of reference:

Claim Element Claim Language from 698 Patent
1.pre (preamble) | A method comprising:
l.a identifying build instructions for fabricating an object;
7
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Claim Element

Claim Language from 698 Patent

1.b

initiating a build using a three-dimensional printer
comprising a fabrication tool and one or more sensors
mechanically coupled to the fabrication tool, the one or more
sensors configured to detect a current contact force between
the fabrication tool and a separate structure;

l.c

detecting the current contact force based on a sensor signal
from the one or more sensors; and

l.d

creating a control signal to control at least one component of
the three-dimensional printer in response to the current
contact force while depositing material during the build.

The method of claim 1, wherein the fabrication tool includes
an extruder.

The method of claim 2, wherein the at least one component
of the three-dimensional printer controls a feed rate for a
build material used in the build.

The method of claim 2, wherein the at least one component
of the three-dimensional printer controls a z-distance between
the extruder and a build platform of the three-dimensional
printer.

The method of claim 2 further comprising comparing the
current contact force to an expected contact force.

The method of claim 5 further comprising adjusting at least
one parameter of the three-dimensional printer to reduce a
difference between the current contact force and the expected
contact force.

The method of claim 5 further comprising terminating the
build when a difference between the current contact force and
the expected contact force indicates a fabrication error.

The method of claim 1 wherein the control signal includes a
signal to the three-dimensional printer to change a distance
between the fabrication tool and the separate structure.

The method of claim 2 wherein the control signal includes a
signal to the three-dimensional printer to change a feed rate
of build material extruded by the extruder.
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Claim Element

Claim Language from 698 Patent

10

The method of claim 2 further comprising detecting a
planarity of the separate structure based upon a number of
contact force measurements across a surface of the separate
structure.

11

The method of claim 10 further comprising fabricating a
layer on the surface of the separate structure that decreases
one or more irregularities in the surface of the separate
structure.

12a

The method of claim 1, wherein the build instructions include
at least one instruction for achieving a specified contact force
between the fabrication tool and a separate structure, and

12b

wherein the control signal controls the at least one
component of the three-dimensional printer to achieve the
specified contact force.

13

The method of claim 1 wherein the one or more sensors
include a strain gauge.

14

The method of claim 1 wherein the one or more sensors
include a piezoelectric sensor.

15

The method of claim 1 wherein the one or more sensors
include at least one of a capacitive sensor, an optical sensor,
an electromechanical sensor, an electromagnetic sensor, and
an acoustical sensor.

III. LEVEL OF ORDINARY SKILL IN THE ART

22.  When interpreting a patent, [ understand that it is important to identify

the relevant art pertaining to the Challenged Patent as well as the level of ordinary

skill in that art at the time of the claimed invention. The ‘“art” is the field of

technology to which the patent is related.

23. Thave been instructed by counsel that the person of ordinary skill in the

art (“POSITA”) is a hypothetical person who is presumed to know the relevant prior
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art. I understand that the actual inventor’s skill is not determinative of the level of
ordinary skill. T further understand that a person of ordinary skill in the art is
determined by looking at (1) the type of problems encountered in the art; (2) the
prior-art solutions to those problems; (3) the rapidity with which innovations are
made; (4) the sophistication of the technology; and (5) the educational level of active
workers in the field.

24. In my opinion, a person of ordinary skill in the art with respect to the
698 Patent is someone with bachelor’s degree in Mechanical Engineering,
Computer Engineering, Electrical Engineering, Chemical Engineering, Materials
Science, or a comparable field and at least two years of experience related to 3D
printing, with additional experience potentially being a substitute for a formal degree
or training (and vice versa).

25. I understand that Petitioner and Petitioner’s expert, Dr. Wolfe, have
proposed a somewhat different level of ordinary skill in the art. Specifically, they
assert that a person of ordinary skill in the art “would have included a bachelor’s
degree in Mechanical Engineering, Electrical Engineering, Computer Engineering,
or a comparable field and at least two years of experience (e.g., research or industry
experience) related to 3D printing.” EX1003 (Declaration of Dr. Wolfe), 921;
Petition at 5. My opinions in this declaration would not change under this proposed

level of ordinary skill in the art.

10
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26. Asofatleast October 29, 2012, which I understand is the priority filing
date of the *698 Patent, I had at least the level of skill required under either my or
Dr. Wolfe’s definitions of a person of ordinary skill in the art and, in rendering my
opinions, have viewed the 698 Patent from the perspective of a person of ordinary
skill in the art.

IV. LEGAL STANDARDS

27. 1am not a legal expert. In presenting my opinions, I have applied the
legal standards provided to me by counsel in arriving at the opinions set forth in this
declaration.

28. I understand that in this infer partes review proceeding, the Petitioner
has the burden of proving that the claims of a Challenged Patent are unpatentable in
light of the prior art by a preponderance of the evidence. I understand that a
preponderance of the evidence is evidence sufficient to show that a fact is more
likely true than not true.

A. Legal Standard for Claim Construction

29. I understand that the first step in determining whether a patent claim
would have been anticipated or obvious is to ascertain how a POSITA would have
understood the claim terms.

30. I have been instructed by counsel on the law regarding claim

construction and patent claims. I understand that a patent may include two types of

11
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claims: independent claims and dependent claims. An independent claim stands
alone and includes only the limitations it recites. A dependent claim can depend from
an independent claim, or it can further depend from another dependent claim. |
understand that a dependent claim includes all the limitations that it recites, as well
as all the limitations recited in the claim(s) from which it depends.

31. Itis my understanding that in proceedings before the PTAB, the claims
of a patent are to be construed under what is referred to as the “Phillips standard.” |
understand that this means that claim terms of a patent are given the meaning the
terms would have to a POSITA, in view of the description provided in the patent
itself and the patent’s file history.

32. I understand that to determine how a person of ordinary skill would
understand a claim term, one should look to those sources available that show what
a person of skill in the art would have understood the disputed claim language to
mean. These sources include the words of the claims themselves, the rest of the
patent’s description, the prosecution history of the patent (all of which considered
“intrinsic” evidence), and “extrinsic” evidence concerning relevant scientific
principles, the meaning of technical terms, the technical literature on established and

emerging relevant technologies, and the state of the art at the time of the invention.
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33. Tunderstand that, in construing a claim term, one looks primarily to the
intrinsic evidence, including the words of the claims themselves, the remainder of
the patent, and the patent’s prosecution history.

34. I understand that extrinsic evidence, which is evidence external to the
patent and the prosecution history, may also be useful in interpreting patent claims
when the intrinsic evidence itself is insufficient.

35. I understand that words or terms should be given their ordinary and
accepted meaning unless it appears that the inventors were using them to mean
something else. In making this determination, the claims, the remainder of the patent,
and the prosecution history are of principal importance. Additionally, the patent and
its prosecution history must be consulted to confirm whether the patentee has acted
as its own lexicographer (i.e., provided its own special meaning to any disputed
terms), or intentionally disclaimed, disavowed, or surrendered any claim scope.

36. I understand that the claims of a patent define the scope of the rights
conferred by the patent. The claims particularly point out and distinctly claim the
subject matter which the patentee regards as his invention. Because the patentee is
required to define precisely what he claims his invention to be, it is not proper to
construe claims in a manner different from the plain import of the terms as used in
the patent. Accordingly, a claim construction analysis must begin and remain

centered on the claim language itself. Additionally, the context in which a term is
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used in the asserted claim can be highly instructive. Likewise, other claims of the
patent in question, both challenged and un-challenged, can inform the meaning of a
claim term. For example, because claim terms are normally used consistently
throughout the patent, the usage of a term in one claim can often illuminate the
meaning of the same term in other claims. Differences among claims can also be a
useful guide in understanding the meaning of particular claim terms.

37. T understand that a person of ordinary skill in the art is deemed to read
a claim term not only in the context of the particular claim in which the disputed
term appears, but in the context of the entire patent, including the remaining text and
figures. For this reason, the words of the claim must be interpreted in view of the
entirety of the patent specification (i.e., the claims, remaining text, and figures). The
written description (figures and remaining text) is the primary basis for construing
the claims and provides a safeguard such that correct constructions closely align with
the patent.

38. In addition to consulting the patent itself, I understand that one should
also consider the patent’s prosecution history. The prosecution history provides
evidence of how both the Patent Office and the inventors understood the terms of
the patent, particularly in light of what was known in the prior art.

39. I understand that while intrinsic evidence is of primary importance,

extrinsic evidence, e.g., all evidence external to the patent and prosecution history,

14
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including expert and inventor testimony, dictionaries, and learned treatises, can also
be considered. Extrinsic evidence should not be considered, however, divorced from
the context of the intrinsic evidence. Furthermore, while extrinsic evidence can shed
useful light on the relevant art, it is less significant than the intrinsic record in
determining the legally operative meaning of claim language.

B. Legal Standard for Prior Art

40. Tunderstand that a patent or other publication must first qualify as prior
art before it can be used to invalidate a patent claim.

41. I understand that to qualify as prior art, a reference must contain an
enabling disclosure that allows one of ordinary skill to practice the claims of the
Challenged Patent without undue experimentation. I understand that a patent issued
by the United States Patent and Trademark Office is presumed to provide an enabling
disclosure. Factors to consider in determining whether undue experimentation is
needed are: (1) the quantity of experimentation necessary, (2) the amount of
direction or guidance presented, (3) the presence or absence of working examples,
(4) the nature of the invention, (5) the state of the prior art, (6) the relative skill of
those in the art, (7) the predictability or unpredictability of the art, and (8) the breadth
of the claims.

42. 1 understand that for a prior-art reference to be considered for

obviousness, the reference must be “analogous.” I understand that the comparison

15
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for purposes of determining “analogous” is between the asserted prior-art reference
and the Challenged Patent. | have been further informed that for a prior-art reference
to be considered “analogous” to the Challenged Patent and thus available as prior art
for obviousness, at least one of the following conditions must be met: (1) the
reference is from the same field of endeavor as the Challenged Patent, even if it
addresses a different problem; or (2) the reference is reasonably pertinent to the
particular problem the Challenged Patent is concerned with, even if it is not within
the same field of endeavor.

C. Legal Standard for Patentability

43. I understand that for an invention claimed in a patent to be found
patentable, it must be (among other things) new and not obvious based on what was
known before the invention was made.

44. 1 understand that, once the claims of a patent have been properly
construed, the second step in determining patentable of a patent claim requires a
comparison of the properly construed claim language to the prior art on a limitation-
by-limitation basis.

45. Tunderstand that for purposes of this declaration, there are two ways to
demonstrate that a patent claim is not patentable. A patent claim can be anticipated,

or a patent claim can be obvious. I address each of these below.

16
STRATASYS, INC. EXHIBIT 2027
IPR2025-00531, Page 20



Case: IPR2025-00531
U.S. Patent No. 9,168,698

1. Anticipation and Inherency

46. I understand that prior art can “anticipate” the claims of an asserted
patent. It is my understanding that in order for a claim to be anticipated by the prior
art, every element of that claim must be found, explicitly or inherently, in a single
prior art reference. In other words, to determine whether a single prior art reference
anticipates a patent claim, one should consider not only what is expressly disclosed
in that reference, but also what inherently occurred as a natural result of the practice
of the system or method disclosed in that prior art reference.

47. It is further my understanding that to establish such inherency, the
missing descriptive matter must be necessarily present in the item of prior art and
that it would be so recognized by persons of ordinary skill in the art. It is also my
understanding that such inherency may be shown through extrinsic evidence.

2. Obviousness

48. 1 understand that the prior art may render a patent claim “obvious.” |
understand that two or more prior art references (e.g., prior art articles, patents, or
publications) that each disclose fewer than all elements of a patent claim may
nevertheless be combined to render a patent claim obvious if the combination of the
prior art collectively discloses all elements of the claim and one of ordinary skill in
the art at the time would have been motivated to combine the prior art in such a way

with a reasonable expectation of success.
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49. T understand that this motivation to combine need not be explicit in any
of the prior art, but it may be inferred from the knowledge of one of ordinary skill in
the art at the time the patent was filed. I also understand that one of ordinary skill in
the art i1s not an automaton but is a person having ordinary creativity. I further
understand that an obviousness analysis recognizes that market demand often drives
innovation, and that a motivation to combine references may be supplied by the
direction of the marketplace. I further understand that one or more prior art
references, articles, patents or publications that disclose fewer than all of the
elements of a patent claim may render a patent claim obvious if including the missing
element would have been obvious to one of skill in the art (e.g., the missing element
represents only an insubstantial difference over the prior art or a reconfiguration of
a known system).

50. I understand that a person of ordinary skill in the art provides a
reference point from which the prior art and claimed invention should be viewed.
This reference point prevents a person of ordinary skill from using hindsight in
deciding whether a claim is obvious.

51. I also understand that an obviousness determination includes the
consideration of various factors such as (1) the scope and content of the prior art, (2)
the differences between the prior art and the challenged claims, (3) the level of

ordinary skill in the pertinent art, and (4) when in evidence, the existence of
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secondary considerations (such as commercial success, long-felt but unresolved
needs, failure of others, etc.) to the extent they exist and have a nexus to the claimed
invention.

52. I am informed that secondary indicia of non-obviousness (also known
as secondary considerations) may include (1) a long felt but unmet need in the prior
art that was satisfied by the invention of the patent; (2) commercial success or lack
of commercial success of processes covered by the patent; (3) unexpected results
achieved by the invention; (4) praise of the invention by others skilled in the art;
(5) taking of licenses under the patent by others; and (6) deliberate copying of the
invention. I also understand that there must be a relationship between any such
secondary indicia and the invention. I further understand that contemporaneous and
independent invention by others is a secondary consideration supporting an
obviousness determination. I also understand that secondary considerations are
given less weight when the alleged invention represents a relatively small advance
in a crowded field with predictable results. I further understand that the patentee has
the burden of coming forward with evidence of the relationship between any
secondary consideration of non-obviousness and the claimed invention (also known

as the “nexus™).
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53. Itis also my understanding that there are additional considerations that
may be used as further guidance as to when the above factors will result in a finding
that a claim is obvious, including the following:

e the claimed subject matter is simply a combination of prior art elements
according to known methods to yield predictable results;

o the claimed subject matter is a simple substitution of one known element
for another to obtain predictable results;

e the claimed subject matter uses known techniques to improve similar
devices or methods in the same way;

e the claimed subject matter applies a known technique to a known device
or method that is ready for improvement to yield predictable results;

e there is known work in one field of endeavor that may prompt variations
of it for use in either the same field or a different one based on design
incentives or other market forces if the variations would have been
predictable to a POSITA;

o there existed at the time of the invention a known problem for which there
was an obvious solution encompassed by the patent’s claims; and

 there is some teaching, suggestion, or motivation in the prior art that would
have led a POSITA to modify the prior art reference or to combine prior
art reference teachings to arrive at the claimed subject matter.

54. I understand that a particular combination may be proven obvious by
showing that it was obvious to try the combination. For example, when there is a
design need or market pressure to solve a problem and there are a finite number of
identified, predictable solutions, a person of ordinary skill has good reason to pursue
the known options within his or her technical grasp because the result is likely the
product not of innovation but of ordinary skill and common sense.
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55.  Ifurther understand that a claim may be deemed invalid for obviousness
in light of a single prior art reference, without the need to combine references, if the
elements of the claim that are not found in the reference can be supplied by the
knowledge or common sense of one of ordinary skill in the relevant art.

56. I also understand that practical and common-sense considerations
should guide a proper obviousness analysis, because familiar items may have
obvious uses beyond their primary purposes. I further understand that a person of
ordinary skill in the art looking to overcome a problem will often be able to fit the
teachings of multiple publications together like pieces of a puzzle, although the prior
art need not be like two puzzle pieces that must fit perfectly together. I understand
that an obviousness analysis therefore considers the inferences and creative steps
that a person of ordinary skill in the art would employ under the circumstances.

57. I understand that a person of ordinary skill could have combined two
pieces of prior art or substituted one prior art element for another if the substitution
can be made with predictable results, even if the swapped-in element is different
from the swapped-out element. I understand that the relevant question is whether
prior art techniques are interoperable with respect to one another, such that a person
of skill would view them as a design choice, or whether a person of skill could apply

prior art techniques into a new combined system.
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58. In sum, my understanding is that prior art teachings are properly
combined where a person of ordinary skill in the art having the understanding and
knowledge reflected in the prior art and motivated by the general problem facing the
inventor, would have been led to make the combination of elements recited in the
claims. Under this analysis, the prior art references themselves, or any need or
problem known in the field of endeavor at the time of the invention, can provide a
reason for combining the elements of multiple prior art references in the claimed
manner.

V. THE 698 PATENT AND THE CHALLENGED CLAIMS
A.  Summary of the 698 Patent (EX1001)

59. I have reviewed the 698 Patent, which relates to “three-dimensional
printers” that “can be used to fabricate various desired objects based on computer
models of those objects.” EX1001 at 1:12-14.

60. The ’698 Patent explains that “components of the three-dimensional
printer may degrade with time.” /d. at 1:14-15. That is the components may “become
dented, warped, misaligned, etc.” Id. at 1:15-16. “These errors may
disadvantageously affect the ability of the three-dimensional printer to accurately
fabricate objects.” Id. at 1:16-18. Thus, there is “a need for pressure-sensing

extruders and methods for using same.” /d. at 1:18-19.
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61. The ’698 Patent explains that the three-dimensional printer includes an
“extruder or other tool head” that may be instrumented to “detect contact force
against the extruder, such as by a build platform or an object being fabricated” and
“detect deflection forces and the like acting on the tool that might indicate an
operating error.” Id. at 1:23-28. “The resulting feedback data” may be used “to
control operation of the three-dimensional printer during fabrication or diagnostics.”

1d. at 1:28-30.

62. Figure 6 of the 698 Patent shows a flowchart of a process for

fabricating an object.
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IDENTIFY BUILD INSTRUCTIONS
602

; 600

INITIATE BUILD
604

DETECT CURRENT CONTACT FORCE
606

A

CREATE CONTROL SIGNAL(S)
610

Fig. 6
63. Id. at Fig. 6. At step 602, the process starts by identifying build
instructions for fabricating an object. See id. at 10:29-30. The instructions may be
provided to a printer that can execute the instructions to fabricate the object. See id.
at 10:35-37.
64. Atstep 604, the process continues by initiating a build. See id. at 10:38-
39. As the ’698 Patent explains, one or more sensors “may be configured to detect a

current contact force between the fabrication tool and the separate structure, and to
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provide corresponding data to a controller of the three-dimensional printer for use
during fabrication.” /d. at 10:44-48.

65. Thereafter, a current contact force is detected at step 606. See id. at
10:49-50; see also id. at 8:49-61. “The current contact force may be used directly as
an input to a control program executing on the controller for the three-dimensional
printer, or the current contact force may be compared to other data such as a previous
contact force or an expected contact force in order to determine an appropriate
response.” Id. at 10:49-55.

66. The ’698 Patent also explains that each sensor may transmit a signal to
the controller, such that the contact force(s) between the extruder and the separate
structure may be calculated from the sensor signal(s). /d. at 8:56-61, 9:14-18.

67. Additionally, a deflection force on the fabrication tool may be measured
to determine when adjustments might be made and when a process should be paused
or terminated due to an inferred failure. See id. at 10:55-61. The deflection force
may be isolated from a normal force by the use of a pair of sensors, such as strain
gauges. Id. at 9:7-8.

68. The next step in the process (step 610) creates a control signal in
response to the contact force. See id. at 10:62-63. The controller may generate the
control signal to control a component of the three-dimensional printer during a build.

See id. at 10:63-66; see also id. at 11:11-16. The control signal may be transmitted
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“to various actuators or other components of the three-dimensional printer to control
the three-dimensional printer in a manner responsive to the detected forces.” Id.
9:18-22.

69. For example, the control signal may change the feed rate of build
material extruded by an extruder via a drive system or other hardware to increase or
decrease the contact force. See id. at 10:66-11:4.

70.  As another example, the control signal may vary the distance between
the extruder and a separate structure to maintain steady material deposition while
adjusting to surface irregularities. See id. at 11:4-11.

71.  Other actions may be taken when the contact force exceeds a threshold
or deviates from an expected value by an amount, such as terminating a build when
a fabrication error is indicated by the difference between the current contact force
and expected contact force. See id. at 11:17-22.

72.  The 698 Patent also discloses a method in Figure 4 to detect planarity

and responsively make corrections.

DETECT PLANARITY
402

45 400

y

FABRICATE PLANAR
SURFACE
404

Fig. 4
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73. A number of contact force measurements may be made across the
surface, such as across the surface the build platform of a three-dimensional printer.
Id. at 11:31-35. Differences among the contact force measurements may be due to
warping, physical damage, misalignment in the intended mounting position, or other
causes. See id. at 11:41-46. This leveling process may be performed concurrently
with a fabrication process for an object. See id. at 11:34-38, Fig. 4; see also id. at
1:41-42, 9:24-10:19. In addition, surface contact force measurements may be stored
with corresponding x and y positions on the surface and used during fabrication to
compensate for the measured irregularities. See id. at 11:48-52. Also, a planar
surface may be fabricated after detecting planarity. See id. at Fig. 4.

B. Summary of the Prosecution History of the ’698 Patent (EX1002)

74. Ireviewed the prosecution history of the 698 Patent (EX1002).

75.  During prosecution, I understand that the examiner rejected pending
claims 14-25 as obvious over U.S. Patent No. 6,129,872 to Jang (EX2022) in view
of U.S. Patent No. 7,625,198 to Lipson (EX2023). EX1002 at 42-44 (April 9, 2015
Office Action at pp. 4-6).

76.  Thereafter, I understand the applicant amended claim 14 and submitted

remarks. The amendments are as follows:
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14. (Currently amended) A method comprising:

identifying build instructions for fabricating an object;

initiating a build using a three-dimensional printer comprising a fabrication tool
and onc or more sensors mechanically coupled to the fabrication tool, the one or more
sensors configured to detect a current contact force between the fabrication tool and a
Separate structure;

detecting the current contact force based on a sensor signal from the onc or more

sensors: and
respensively-creating a control signal to control at least one component of the

three-dimensional printer in response to the current contact force while depositing

material during the build.

EX1002 at 29.

77.  Inthe applicant’s remarks, [ understand that the applicant explained that
unlike the cited art, claimed method recites detecting the current contact force based
on a sensor signal from one or more sensors and creating a control signal responsive
to the current contact force while depositing material during a build. See EX1002 at
32-33.

78.  In particular, the applicant explained that the examiner correctly noted
that U.S. Patent No. 6,129,872 to Jang did not disclose detecting a contact force

between the fabrication tool and a separate structure. See id. at 32.

Jang is cited for its general teaching of three-dimensional printing, and the

outstanding rejection properly concedes that Jang “fails to disclose the step of detecting

contact force between the fabrication tool and a separate structure.” Instead, Lipson is
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79.  Although the examiner had also relied on U.S. Patent No. 7,625,198 to
Lipson, the applicant argued that Lipson fails to teach or suggest using a signal from

the force sensor as feedback while depositing material during a build. See id. at 33.

While this passage does mention a force sensor (204), there is no suggestion here
to use a signal from the force sensor as feedback during a build. In the device of Lipson,
the force sensor is simply used to detect a threshold force indicating a Z axis position of a

newly loaded tool tip. This may be useful, but it is significantly different than the

80. The applicant also stated that the feedback is used to control print
parameters during a build. See id. at 33. Therefore, a control signal is created while
depositing material during the build to control at least one component of the three-

dimensional printer in response to the current contact force. See id.

newly loaded tool tip. This may be useful, but it is significantly different than the
presently claimed use of a force sensor, which provides feedback to control print
parameters during a build, i.c., while material is being extruded to fabricate an object.
The claims have been amended to clarify this inventive concept, and to emphasize the
step of creating a control signal to control at least one component of the three-

dimensional printer in response to the current contact force while depositing material

during the build.

81. Inresponse to the applicant’s arguments, I understand that the examiner
allowed the claims explaining that the prior art fails to teach or suggest the claimed

printer. See id. at 20-27; see also id. at 21.
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Allowable Subject Matter

Claims 14-28 are allowed over the prior art of record.

2. The following is an examiner’s statement of reasons for allowance:

The prior art fails to teach or suggest an method comprising:
a. identifying build instructions for fabricating an object;
b. initiating a build using a three-dimensional printer comprising a fabrication tool
and one or more sensors mechanically coupled to the fabrication tool, the one or more
sensors configured to detect a current contact force between the fabrication tool and a
separate structure;
c. detecting the current contact force based on a sensor signal from the one or more
sensors; and
d. creating a control signal to control at least one component of the three-
dimensional printer in response to the current contact force while depositing material
during the build.

VI. SUMMARY OF THE PRIOR ART

82. I have reviewed the references listed below, which I understand

Petitioner has cited in support of Grounds 1A-2B of their Petition:

Ground Claims References Cited
1A 1-6, 8-15 Warren (US 2003/0100824) (EX1004)
1B 3,7,9 Warren (EX1004) and Eshed (US
2007/0179656) (EX1008)
2A 1-5,7-10, 12- | Calderon (US 6,629,011) (EX1009) and
15 RepRap20208 (EX1010)
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Ground Claims References Cited
2B 11 Calderon (EX1009), RepRap20208
(EX1010), and Napadensky (US
9,031,680) (EX1005)

A.  Overview of Warren (EX1004)

83.  Warren (US 2003/0100824) discloses an architecture tool and methods
of use, including depositing materials on a substrate, material destruction and
removal, temperature control, imaging, detection, therapy and positional and
locational control. EX1004 at Title, Abstract.

84.  Warren explains that his tool and methods use direct-write deposition
technology (DWDT) to construct inorganic and/or organic materials for fine-pattern
microdispensing and/or fine-focused laser-beam writing. See id. at §4[0010]-[0011].
The DWDT technology, as applied to biological, medical, bioengineering, and
tissue-engineering, is referred to as a human architecture tool (HAT). Id. at [0014].

85.  As Warren explains there are four purported unique aspects to the HAT
that uses DWDT technology. See id. at §[0059].

86. The first purported unique aspect to the HAT that uses DWDT
technology is that it permits navigation among internal cavities and structural

elements (e.g., bones), as well as arteries and veins, with the body. See id. at §[0059].
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87. The second purported unique aspect to the HAT that uses DWDT
technology is that it can add and/or subtract unwanted tissues and materials in a
seamless and facile fashion. See id. at §[0060].

88. The third purported unique aspect to the HAT that uses DWDT
technology is that it combines fabrication and assembly processes to form, for
example, 3D engineered tissue constructs (ETC). See id. at §[0061].

89. The fourth purported unique aspect to the HAT that uses DWDT
technology is that its processes can be performed outside of and within the body. See
id. §[0062].

90. For example, Figures 2A through 2F of Warren show a series of

perspective views using the invention in vivo.

200

N

25 VBRI T
) FIG. 2A 2z F|G.28B 2 FIG.2C
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225 FIG. 2D

225 FIG. 2F

Id. at Figs. 2A-2F.
91. Figure 2A of Warren shows therapeutic emitter 700. Id. at §q[0138]-

[0141].

)
2 FIG.2A

92.  Figure 2B of Warren shows detector 600 for laser-induced florescence

(LIF). Id. at §9[0109]-[0117].
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)
2z F1G.28B

93. Figure 2C of Warren shows material destroyer 200 to separate cells or

tissue from their endogenous position in the body. /d. at §9[0147]-[0154].

94.  Figures 2D and 2E of Warren show material remover 300 with suction

channels. Id. at §Y[0205]-[0210].
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| .. N ” .l;:. :
e W,
225 FIG. 2D 225 FIG. 2E

95.  Figure 2F of Warren shows a material dispenser 100 to deposit material

on a substrate 22. Id. at §9[0220]-[0229].

96. Figure 18 of Warren shows an embodiment to control the position of

dispenser 3700 relative substrate 3710.
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3700
7
Z-CONTROLLER PROCESSOR
3720 AL
S P2
(OSCILLATOR }—={ VIBRO-SENSOR TRANSDUCER
Z
I<Y 3710
X
FIG.18

Id. at Fig. 18, q[0293].
97.  Although the substrate is shown as flat, Warren explains that this is just
for the ease of illustration—the dispenser follows irregular or curved surfaces. /d.
Oscillator 3720 imparts vibration to dispenser 3700, and vibration sensor 3730 and
transducer 3740 sense the amplitude and frequency of vibration. See id. at [0300].
98. Warren shows one implementation of a capillary vibro-sensor

dispensing unit in Figure 19.
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3810
~
““
/
SYRINGE
3800 | HOLDER
3850

FIG.19

See id. at Y[0295]-[0297], Fig. 19. As shown, the capillary dispensing unit is held
by syringe holder 3800 and the system includes a piezomembrane 3830 that may be
implemented with an electroceramic sensor and include a vibration actuator and
vibration transducer. See id.

99.  Alternatively, a quill-pen may be used in which a cell suspension or

slurry functions as ink. An implementation of a quill-pen is shown in Figures 20A

and 20B.
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3910

V
FIG. 20A FIG.20B

See id. at §[0298], Figs. 20A-20B. As shown, the system includes a vibration
transducer 3920. See id. Warren explains that vibration at a low frequency facilitates
dispensing without agglomeration (e.g., clogging) and/or sticking. See id.

100. Warren also discloses a table-top tool can include three capillary-

dispensers and another type of dispenser called a through-nozzle dispenser. See id.

at §[0278], Figs. 23A-23C.
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FIG. 23A FIG.23C

101. The through-nozzle dispenser is used to fill larger areas. See id. at
[0278], Figs. 23A-23C. By contrast, the capillary dispensers are used to dispense
solutions and/or cell suspensions to achieve smaller detail than those possible with
the through-nozzle dispenser, to provide high-detail and high-precision dispensing.
See id.

B.  Overview of Napadensky (EX1005)
102. Napadensky (US 9,031,680) discloses a solid freeform fabrication

using a plurality of modeling materials and a plurality of dispensing heads. EX1005,
Title and Abstract. Figure la of Napadensky shows a solid freeform fabrication

system. /d. at Fig. 1a (shown below).
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103. As shown in Figure la of Napadensky, the system (10) has multiple

dispensing heads (21) through which building material (24) is dispensed to create

object(s) (12). EX1005 at 16:32-35, Fig. la.

104. Also shown in Figure 1a of Napadensky is a leveling device (32), such

as the roller shown in Figure 1a, that straightens a newly formed layer after the layer
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is fabricated but prior to the formation of the successive layer. See id. at 17:62-67,
Fig. 1a. In particular, the leveling device moves portions of the newly formed layer
into a waste collection device (36) to collect excess material generated during
leveling. See id. 17:67-18:4, Fig. 1a.

C. Overview of Eshed (EX1008)

105. Eshed (US 2007/0179656) relates to a rapid prototyping apparatus
(RPA) for producing an object by sequentially forming thin layers of a construction
material one on top of the other responsive to data defining the object. EX1008, Title

and Abstract. As shown below, Figure 1 of Eshed shows his apparatus.
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D. Overview of Calderon (EX1009)

106. Calderon (US 6,629,011) discloses a method for a three-dimensional
modeling machine. EX1009 at Title.

107. Without operator intervention, Calderon senses the top surface of a
substrate or other object at a variety of locations and records the Z-axis positions.
See id. at Abstract.

108. Much of Calderon focuses on using a plunger to find z-axis positions.
As shown below in Figure 2, plunger 148 is in its actuated position, protruding from

the bottom of housing 152.
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Id. at Fig. 2, 5:48-49. When the platform 147 is raised upward, the top surface of

substrate 146 contacts plunger 148 and drives it up into housing 152. See id. at 5:55-
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58. A sensor senses when the plunger has traveled upward by a predetermined
distance and provides a signal indicating detection of the plunger. See id. at 5:58-61.

109. In an alternative embodiment, instead of the plunger, Calderon teaches
that the tip of the nozzle and servo drive motors are used to detect contact with the
substrate by monitoring a change in the servo drive current. See id. at 9:63-10:8.

110. Calderon explains that this alternative embodiment beneficially detects
contact “without need for any special purpose sensing means.” See id. at 10:7-8.
Calderon also explains that its autoinitialization method can also be used to ensure
that the building envelope is clear or to detect partially built models. See id. at 10:26-
31; see also id. at 10:50-64.

E. Overview of RepRap20208 (EX1010)

111. Tunderstand that Petitioner has asserted that RepRap20208 is a printout
dated December 31, 2024 from a “General” forum that is entitled “Genetic
Algorithms.” EX1010 at 1.

112. The forum on “Genetic Algorithms” discusses using such algorithms to

improve RepRap (EX1010 at 1).
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& vbgraphi
vbaraphix Registered: 15 years ago
Genetic Algorithms Posts: 8

January 11, 2009 04:35AM

I'm wonderi\ng what applications Genetic Algorithms could have in improving RepRap.

It shouldn't be too hard to use software-based optimizers that can improve our circuits, designs,
etc.

Thoughts?
Cd Reply Gd Quote

113. However, another forum member cast doubt on such algorithms, stating
that the “question is more one of who wants to invest the man-hours to apply the

method to these particular applications. It's not something I have time for.” EX1010

at 1.
& Forrest Higgs Admin
Re: Genetic Algorithms Registered: 17 years ago
Posts: 1,915

January 11, 2009 08:45AM

I've written genetic algorithms in my day job in years past. The question isn't one of whether they
could improve outcomes. They definitely could. The question is more one of who wants to invest
the man-hours to apply the method to these particular applications. It's not something | have time

for.]

114. The RepRap20208 reference appears to focus on genetic algorithms
and genetics for several pages. See, e.g., EX1010 at 6 (“With generational genetic

drift in a more or less homogeneous population you have some fairly well-

understood statistical mechanisms™).
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VII. GROUND 1A: CLAIMS 1-6, 8-15 WoULD NOT HAVE BEEN OBVIOUS OVER
GROUND 1A (WARREN)

115. In Ground 1A of the Petition, Petitioner asserts that claims 1-6 and 8-
15 are obvious over Warren. See Petition at 6-13 (Overview of Warren), 13-16
(Asserted Motivation to Combine), 16 (1.pre), 16-17 (1.a), 17-21 (1.b), 21 (1.c), 21-
23 (1.d), 23-25 (claim 2), 25-26 (claim 3), 26-27 (claim 4), 27-28 (claim 5), 28-29
(claim 6), 30 (claim 8), 31 (claim 9), 31-33 (claim 10), 33-35 (claim 11), 35 (12.a),
35-36 (12.b), 36 (claim 13), 36-37 (claim 14), 37 (claim 15).

116. I have reviewed Petitioner’s challenges in Ground 1A, and it is my
opinion that Ground 1A fails to teach or suggest all elements of claims 1-6 and 8-
15. I explain my opinions below in detail.

A. There is no motivation to combine different embodiments of
Warren (Ground 1A)

117. T understand that Petitioner asserts a motivation to combine different
embodiments of Warren. See Petition at 13-16. In particular, I understand that
Petitioner asserts that “a POSITA would have found it obvious to use the vibrating
force sensor concepts with Warren’s through-nozzle dispenser.” See id. at 13. I also
understand that Petitioner asserts that a “POSITA would have been motivated to
apply Warren’s through-nozzle dispenser” as “dispenser 3700 in Warren’s vibrating
force sensor configuration.” See id. at 13. In support of these assertions, I understand

that Petitioner has provided four reasons. See id. at 13-16.
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118. In my opinion, a POSITA would have understood that there is no
motivation to combine the different embodiments of Warren in the manner that
Petitioner proposes and that there would have been no reasonable expectation of
success in doing so.

119. First, I understand that Petitioner asserts that “Warren invites using the
vibrating force sensor concepts with other dispenser configurations when it explains
that the capillary dispenser is shown with the vibrating force sensor ‘by way of
example only,” and ‘[t]he dispenser 3700 need not be limited to [the capillarity
dispensing unit] implementations.’” Petition at 13-14. Dr. Wolfe makes a similar
assertion. See EX1003, 968.

120. However, Warren does not “invite” the “using the vibrating force
sensor concepts” with a through-nozzle design. Warren states that its dispenser 3700
is not limited to the specific implementations corresponding to Figures 19, 20A, and
20B. See EX1004, 4[0299] (“The material dispensers illustrated in FIGS. 19, 20A
and 20B are shown by way of example only. The dispenser 3700 need not be limited
to these implementations.”). I note that Figure 18 of Warren itself illustrates a
different dispenser. In Figure 18, dispenser 3700 is another implementation of a
quill-pen design that is different from the quill-pen design shown in Figures 20A and
20B and from the capillary dispenser shown in Figure 19. I reproduce each of these

figures from Warren below.
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/—3/810
4
3780\ 0 z‘*’ i 3800 %nggg ﬂ
/ 3850
3820 .
3830 3900 b~ 3920
FIG.18 FIG. 19 FIG. 20A FIG.20B

EX1004 at Figs. 18, 19, 20A, and 20B.

121. As shown in the figures above, Figures 20A and 20B show a specific
quill-pen design with a vibration actuator 3910 substantially separated from the
vibration transducer 3920. /d. at Figs. 20A, 20B; 4[0298] (“For illustrative purposes,
the quill-pen is shown in FIGS. 20A and 20B as being part of a dispensing unit
including a vibration actuator 3910 and a vibration transducer (receiver) 3920, as
described in more detail below.”).

122. Also shown in the figures above, Figure 19 shows a specific capillary
syringe with a combined vibration actuator and transducer in piezomembrane 3830.
Id. at §[0295] (“FIG. 19 illustrates in detail aspects of an exemplary dispensing
system including a capillary dispenser held by a syringe holder 3800 and
a piezomembrane 3830. The piezomembrane 3830 may be implemented with an
electroceramic sensor and include a vibration actuator and vibration transducer,

described in more detail below.”).
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123. In contrast to Figures 19 and 20A-20B, Figure 18 shows another
implementation of a quill-pen design with a vibro-sensor 3730 in which the separate
oscillator 3720 and transducer 3740 are separate from the dispenser with vibro-
sensor 3730. [Id. at 9[0300] (“avibration oscillator 37201is attached to
the dispenser 3700 for imparting vibration to the dispenser 3700. A vibration
sensor 3730 and a transducer 3740 are attached to the dispenser 3700 for sensing
the A and f of wvibration of the dispenser 3700. The oscillator 3720 and
the transducer 3740 may be implemented with any suitable conventional devices.
These elements may be spatially and physically separated ... .”).

124. As additional examples, Figures 23A, 23B, and 23C illustrate multiple
capillary dispensers that are individually “extended into position to do its intended

high-detail and high-precision dispensing.” Id. at Figs. 23A-23C, §[0278].
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FIG. 23A

125. In my opinion, there is no motivation or suggestion to implement

dispenser 3700 as a through-nozzle design. See EX1004, 4[0299].

126. Second, I understand that Petitioner asserts that “a POSITA would have
been motivated by the precise flow control capability of Warren’s through-nozzle
design” and that a “POSITA would have found it advantageous to employ features
from Warren’s through-nozzle design in dispenser 3700 so that ‘the initiation of
material flow...can be smooth, seamless, and very reproducible.’” Petition at 14. Dr.
Wolfe makes a similar assertion. EX1003, 969.

127. According to Warren’s teachings, the capillary dispenser already

provides for high precision and a POSITA would have understood to switch from a
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through-nozzle dispenser to a capillary dispenser when smaller, high-detail, high-
precision dispensing is required.

128. In particular, Warren teaches that a through-nozzle design is used for
less detailed dispensing to fill larger areas with higher viscosity materials, whereas
capillary dispensers are used for high-detail and high-precision dispensing of lower
viscosity materials to achieve smaller details. See EX1004 at 9[0278] (“[T]he
through-nozzle dispenser includes a 25-200-um conical tip attached to a suck-back
spool valve, which may be used for more-viscous fluids. The capillary dispensers
include >100 um small capillary pen tips that may be used to dispense lower-p
solutions and/or cell suspensions. Each dispenser is independently controlled to
deposit a predetermined amount of material. In the illustrated embodiment, the larger
conical through-nozzle dispenser fills and dispenses larger areas with higher-u
materials, while the smaller capillary dispensers are retracted. When smaller detail
and/or less-viscous materials than those possible with the conical through-nozzle tip
are required, or if a different medium is needed, then a capillary dispenser can be
extended into position to do its intended high-detail and high-precision dispensing.
The capillary dispensers are mounted in a syringe that is jacketed with aluminum to
provide the maximum amount of heat transfer. The jacketed aluminum syringe may
be clamped into position with an aluminum tube clamp. The dispensers in the

illustrated embodiment have been designed to extend and retract, so that only one
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dispenser is writing at a time; however, it is possible to have multiple dispensers
writing at one time.”).

129. Similar to capillary dispensers, Warren teaches that sensoric quill-pen
designs enable precise control “to sense and maintain optimum contact.” See id. at
1 [0259-260] (“[0259] Sensoric Quill-Pen Dispensing Design [0260] In another
embodiment, the at least one material dispenser 100 comprises a sensoric capillary-
and/or quill-pen, in which a constituent material such as a cell suspension or slurry
would function as “ink” for the dispenser. In the embodiment illustrated in FIG. 19,
the capillary tube 115 communicates a material supply chamber 116, such as a
supply, reservoir, or feeder for storing a sufficient volume of the constituent
material. The “sensoric” feature of such quill-pens enables the tool to sense and
maintain optimum contact with the deposition target while the constituent material
is being dispensed from the dispenser as discussed in greater detail below.”).

130. Thus, there is no motivation to use a through-nozzle design for the
dispenser instead of a quill-pen or capillary dispenser to enable precise control.

131. Both through-nozzle designs and capillary dispensers have their
respective applications, and a person of ordinary skill in the art would not be
motivated to use the inherently less precise through-nozzle dispenser to deposit a
low-viscosity material with high precision, given the superior control offered by

capillary-based systems.
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132.  As Warren explains, capillary dispensers are “primarily controlled by
capillary surface tension when the tip almost touches the substrate surface.” EX1004
at §[0279]. A POSITA would have understood that the precise start and stop of
material flow would be controlled by a capillary dispenser depending on whether the
dispenser was nearly in contact with the substrate surface such that the surface
tension controls the precise flow of material. See id.

133. Warren also explains that capillary dispensers have precise control,
such as linear bearings to achieve “a constant, repeatable, and accurate position”
which precisely control the flow of material. EX1004 at §[0279].

134. Similar to capillary designs, quill pen designs maintain optimum
contact with the deposition target to dispense “ink,” such as a cell suspension or
slurry. EX1004 at §[0260. Quill pen designs precisely control the material flow by
vibrating the dispenser to overcome agglomeration and/or sticking of the ink.
EX1004 at 4[0298]. Thus, while Warren explains that through-nozzle dispensers can
have “inconsistent volumes and inaccurate starting times,” there is no suggestion
that such issues apply to capillary dispensers or quill pen dispensers. See EX1004 at
110243].

135. Third, I understand that Petitioner asserts that a “POSITA would have
recognized Warren’s express suggestion to add features from its through-nozzle

design (such as linear actuator 144) to Warren’s dispenser system 3700 to pursue a

52
STRATASYS, INC. EXHIBIT 2027
IPR2025-00531, Page 56



Case: IPR2025-00531
U.S. Patent No. 9,168,698

predictable combination.” Petition at 14-15. In support of its assertion, I understand
that Petitioner states that Warren “explains that its ‘DWDT/HAT technology has a
plurality of aspects that, in some embodiments, combine to make a tool capable of
producing a modeled structure through 3D direct construction of various materials
into complex shapes.”” Petition at 14-15. Dr. Wolfe makes a similar assertion.
EX1003, 970.

136. However, Warren’s description of using multiple “aspects” that
“combine” to make a tool with certain capabilities refers to a combination tool. See
EX1004, 9[0093].

137. For example, Warren provides examples of the individual devices in
the combination tool in Figures 2A to 2F. See EX1004, [0093], Figs. 2A-2F.

138. For example, Figures 2A through 2F of Warren show a series of

perspective views using the invention in vivo.

)
22 FIG. 2A
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225 FIG. 2D

225 FIG. 2F

Id. at Figs. 2A-2F.
139. Figure 2A of Warren shows therapeutic emitter 700. /d. at qf[0138]-

[0141].

)
2 FIG.2A

140. Figure 2B of Warren shows detector 600 for laser-induced florescence

(LIF). Id. at §9[0109]-[0117].
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)
2z F1G.28B

141. Figure 2C of Warren shows material destroyer 200 to separate cells or

tissue from their endogenous position in the body. /d. at §9[0147]-[0154].

142. Figures 2D and 2E of Warren show material remover 300 with suction

channels. Id. at §Y[0205]-[0210].
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e W A,
225 FIG. 2D 225 FIG. 2E

143. Figure 2F of Warren shows a material dispenser 100 to deposit material

on a substrate 22. Id. at §9[0220]-[0229].

144. Warren’s combination tool does not add features from one design to
another design. Rather, a personal of ordinary skill in the art would have understood
that Warren integrates (i.e., combines) many devices (i.e., aspects) into one
combination tool. See id. at 9[0093] (“[T]he DWDT/HAT includes a material

dispenser 100 .. .; a material destroyer 200 ... ; a material remover 300 ... ;
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temperature controllers 400 . .. ; vision and imaging devices 500 ... ; detection
devices 600 . . . ; therapeutic emitters 700 . . . ; location control devices 800 . . . ; and
stabilization devices 900.”).

145. In addition, requiring a linear actuator for Warren’s capillary or quill-
pen designs relies on hindsight. There is no need for a linear actuator to open and
close a valve in Warren’s capillary designs or quill-pen designs. A quill pen is
inherently self-regulating: ink flow is governed by capillary forces, surface tension,
and wetting at the tip, rather than by an actively actuated valve. Similarly, capillary
dispensers rely on passive fluid mechanics to control flow. Because material delivery
in these systems is controlled by intrinsic capillary behavior, a person of ordinary
skill in the art would have had no motivation to add a linear actuator for flow control,
particularly given the added complexity, reduced precision, and departure from the
fundamental operating principles of these designs.

146. The linear actuator in Warren’s through-nozzle designs enables control
of the rate and degree that the valve opens and closes for dispensing material. See
EX1004 at 99[0231], [0234]. While Warren’s through-nozzle designs use the linear
actuator to control the dispensing of material, Warren teaches that other features in
his capillary dispensers and quill-pen dispensers achieve control of the material
flowing out the dispenser. For example, Warren teaches that the flow of material

from his capillary dispenser is “primarily controlled by capillary surface tension
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when the tip almost touches the substrate surface” and that a positive pressure is
applied to the feed channels. /d. at §[0279]. As another example, Warren teaches that
his quill-pen dispensers enable precise control “to sense and maintain optimum
contact” and are vibrated to facilitate dispensing of the ink, thus overcoming issues
regarding agglomeration and/or sticking. Id. at §[0260], [0298]. Thus, there is no
motivation to add a linear actuator to dispenser 3700.

147. Fourth, I understand that Petitioner asserts that “a POSITA would have
recognized the benefits of providing Warren’s through-nozzle dispenser with
vibrating force sensor capabilities,” that “a POSITA would have sought to apply
Warren’s vibration force sensing to Warren’s through-nozzle dispenser to avoid
damage to the substrate or nozzle” and “to facilitate control over the deposition
geometry,” and that “a POSITA would have sought ‘to overcome issues regarding
agglomeration and/or sticking of the constituent material’ with the vibrating
aspects.” Petition at 15-16. Dr. Wolfe makes similar assertions. EX1003, q71.

148. But applying Warren’s vibration force sensing to Warren’s through-
nozzle dispenser is the opposite of Petitioner’s combination of Warren’s
embodiments, which involves applying Warren’s through-nozzle dispense to
Warren’s vibration force sensing configuration. See Petition at 13.

149. In addition, a personal of ordinary skill in the art would not have been

motivated to make this modification to facilitate control over the deposition
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geometry or to avoid damage. See Petition at 15. Warren’s through-nozzle dispenser
already includes a mechanism to control the deposition geometry and to avoid
damage. Warren explains that, through precision control of a valve and piston
opening, the material flow is “smooth, seamless, and very reproducible.” EX1004 at
910243]. In addition, control of the valve in the through-nozzle dispenser is
synchronized with the xyz motion of the dispenser. See id. at §[0234]; see also id. at
9[0227] (synchronizing control device 800 with the actuator).

150. In particular, the dispenser has a “location control device 800 that is
“adapted to position the tool, specifically the tip orifice, at any selected position with
respect to the substrate or target area.” A block diagram of the location control device

1s shown below.

WINDOWS PC
INDEXER
i i
MOTOR MOTOR MOTOR MOTOR
DRIVE X DRIVE Y DRIVE Z DRIVE W

(o) (o) () (b
o)

FIG. 36
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151. Id. at Fig. 36. As shown in Figure 36 of Warren, the location control
device includes a Windows PC, indexer, and translation system. /d. at [0228].
“[TThe indexer accepts commands from the PC and computes the necessary
commands that need to be sent to the translation system.” /d. The translation stages
“typically operate with /-2 um of accuracy” and ““a linear stage with linear encoders”
can be used to achieve “nanometer accuracy.” Id. (emphasis added).

152. Warren explains that location control device is configured to
“selectively position the tip orifice within both x and y dimensions (i.e., a plane) that
is substantially parallel to the substrate or target area” in the x or y direction and
“selectively position the tip orifice within the z dimension (i.e., a line) that is
substantially perpendicular to that xy plane.” Id. Thus, a person of ordinary skill in
the art would have understood that the location control device already enables the
through-nozzle dispenser to precisely control deposition geometry and avoid
damage by positioning the tip orifice within micrometers to nanometers of accuracy.

153. In contrast to Warren’s through-nozzle dispenser, Warren teaches other
dispensers that have specific need for vibration control. For example, a capillary
dispenser 1s “controlled by capillary surface tension when the tip almost touches the
substrate surface” which may be curved. /d. at §[0279]; see also id. at §[0295]. Thus,
precise control of the tip is required. As another example, certain quill-pens require

a “sensoric” feature to “sense and maintain optimum contact with the deposition
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target.” Id. at §[0260]. Thus, the dispensers in Warren that need vibrating sensor
capabilities, such as the capillary dispenser and sensoric quill-pen, use the
functionality to maintain optimum contact to prevent crashes and to control the flow
of material, such as less-viscous fluids that must be dispensed close to the surface or
those that function as “ink” See id. at §9[0234], [0278], [0298].

154. Further, a person of ordinary skill in the art would not have had a
motivation to combine Warren’s embodiments based on overcoming issues
regarding agglomeration and/or sticking. See Petition at 15-16. The issue of
agglomeration and/or sticking is related to implementations of a quill-pen that use
ink and thus not related to a through-nozzle dispenser which does not use ink. See
EX1004, 99[0298], [0331]-[0332]. In particular, Warren explains that vibrating the
quill pen at a low frequency “facilitates dispensing of the ink, thus overcoming issues
regarding agglomeration and/or sticking of the cells.” Id. at 9[0298]. There is no
rationale for why solutions for dispensing ink would apply to a through-nozzle
dispenser. The low-frequency vibrations applied to the dispenser to disperse
agglomerates are unrelated to any agglomerates that may form in the ink after
deposition on the substrate, which could interfere with or damage the quill. Rather,
these vibrations are directed to cell or particle agglomerates that form within the
dispenser itself, where dispersion is required to maintain flow of the low viscosity

ink. It is well known that agglomerates are dispersed by flow-induced stresses, a
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phenomenon that falls squarely within the field of dispersive mixing and would be
familiar to a person of ordinary skill in the art. Furthermore, it is not necessary to
use low frequency vibrations in the through-nozzle dispenser that is designed to
deposit larger areas with less precision, to disperse agglomerates.

155. Thus, a person of ordinary skill in the art would not have had a
motivation to combine the different embodiments of Warren as Petitioner proposes.

B. Claim 1, Elements 1.b, 1.c, and 1.d

156. Claim 1 of the *698 Patent requires, among other elements, “initiating
a build using a three-dimensional printer comprising a fabrication tool and one or
more sensors mechanically coupled to the fabrication tool, the one or more sensors
configured to detect a current contact force between the fabrication tool and a
separate structure;” (claim element 1.b), “detecting the current contact force based
on a sensor signal from the one or more sensors; and” (claim element 1.c), and
“creating a control signal to control at least one component of the three-dimensional
printer in response to the current contact force while depositing material during the
build” (claim element 1.d). See EX1001; supra Section II (“The Challenged Claims
of the 698 Patent), Claim Elements 1.b, 1.c, and 1.d.

157. T understand that Petitioner contends that Warren teaches these claim

elements. See Petition at 17-21 (1.b), 21 (1.c), 21-23 (1.d).
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158. For claim element 1.b, Petitioner asserts that the “Warren also provides
one or more sensors (¢.g., vibration sensor 3730 and transducer 3740) mechanically
coupled to the fabrication tool (e.g., apparatus 10).” Petition at 18; EX1003, q980-
81. Further, Petitioner asserts that “Warren’s sensors are configured to detect a
current contact force (e.g., the force of contact) between the fabrication tool (the
capillary vibro-sensor dispenser and/or the through-nozzle dispenser) and a separate
structure (e.g., substrate 3710).” Petition at 19-20; EX1003, 4982-85. Petitioner also
asserts that “In view of the proportionality [in Warren], a POSITA would have
understood or found it obvious that the contact force can be readily calculated from
the detected ‘change in the amplitude.’” Petition at 20-21; EX1003, 986-87.

159. For claim element 1.c, Petitioner asserts that the “Warren’s combined
teachings provide detecting the current contact (e.g., ‘the force of contact between
the dispenser and the substrate’) based on a sensor signal (e.g., ‘a change in the
amplitude of vibration of the dispenser’) from the one or more sensors (e.g.,
vibration sensor 3730 and transducer 3740).” Petition at 21; EX1003, q988-89.

160. For element 1.d, Petitioner asserts that “Warren’s combined teachings
provide creating a control signal (e.g., the signal provided by a ‘microprocessor’ or
‘personal computer (PC)’) to control at least one component of the three-
dimensional printer (e.g., at least one of a ‘z-controller step motor’ and a ‘linear

actuator’ of the material dispensing system) in response to the current contact force
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(e.g., ‘force of contact’) while depositing material during the build (‘even as the
material protruding from a nozzle on a dispenser contacts the substrate surface’).
Petition at 21-23; EX1003, 990-91.

161. It 1is my opinion that the Warren combination does not teach all portions
of claim elements 1.b, 1.c, and 1.d.

162. Warren does not teach one or more sensors configured to detect a
current contact force, detecting the current contact force based on a sensor signal, or
in response to the current contact force, creating a control signal. In particular,
Warren detects a change in amplitude of vibration and does not detect a current
contact force. Petitioner asserts that “a POSITA would have understood or found it
obvious that the contact force can be readily calculated from the detected ‘change in
the amplitude.”” Petition at 50; EX1003, 486; EX1004 (Warren) at §[0313]. In my
view, Petitioner’s conclusion overlooks Warren’s teachings and uses hindsight. I
explain my reasons below.

163. Warren does not teach or suggest detecting the current contact force
based on the sensor signal. Warren repeatedly refers to detecting a change in
amplitude of a vibration, not detecting or calculating a current contact force. Warren

states that a “change in the amplitude of vibration (AA) of the dispenser, the

substrate, or both the dispenser and the substrate upon contact with each other, is

detected by the system.” EX1004 at §[0289]; see also id. at §[0289] (““The position
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of one or more of the elements is varied, based on the detected AA, to maintain a

desired force of contact between the dispenser and the substrate.”). Similarly, when
describing the method for controlling the dispensing system, Warren states that “[a]t
step 4104, a change in the amplitude of vibration of the dispenser and/or the substrate
is detected.” Id. at q[0313]. Further, Warren explains that the determination of
whether there is a desired contact force is actually “based on the detected change in
amplitude.” Id. Warren also explains that the position of the dispenser or substrate
are varied “causing a change in the amplitude of vibration” which “is detected again

at step 4104.” Id. Thus, Warren makes it clear that the “modulated vibration

amplitude signal is then used as feedback to control the contact force between the

dispensing structure and the substrate surface.” Id. at [0315].

164. There is no teaching or suggestion to detect or calculate a current
contact force. Warren does not disclose how a change in vibration amplitude can be
translated into a quantitative contact force. Although he states that a “change in
amplitude 1s proportional to the force of contact between the dispenser and the
substrate” (Warren [313]), he provides no guidance regarding the proportionality
constants that would relate deformation or amplitude change to a contact force. Even
in hindsight, it is unclear how the signal generated by Warren’s sensor could be used
to compute a contact force, and for the reasons discussed below, such a translation

is not feasible based on the information provided.
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165. First, the viscoelastic behavior of tissues and polymers makes their
mechanical properties—such as stiffness and viscosity—strongly frequency
dependent, as illustrated in the figure below. See EX2025 (Osswald & Menges) at
p.62.

166. More generally, each material exhibits a complex mechanical
(rheological) response that depends not only on frequency, but also on deformation
amplitude, temperature, and time (EX2026 (Osswald & Rudolph), at pp. 47-56).

167. In addition, a strain input produced by vibration-induced excitation
generates a stress response that inherently combines both elastic and viscous
components. Interpreting such a response requires knowledge of both the storage
modulus, which characterizes the elastic contribution, and the loss modulus, which
characterizes the viscous contribution.

168. Asshown in the figures below, the storage and loss moduli of a polymer
such as high-density polyethylene vary significantly with frequency and
temperature. Warren’s system, however, operates at frequencies between 90 and 100
kHz (see, e.g., Warren §[301]), which are several orders of magnitude higher than
the frequency range accessible to conventional material characterization techniques,
such as dynamic mechanical analysis (DMA), which typically operate between 0.01
and 100 Hz. There is no established method or device capable of characterizing

material viscoelastic properties at the frequencies and amplitudes relevant to
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Warren’s system. Consequently, Warren’s sensor cannot provide a quantitative
measurement or detection of contact force and functions instead as a contact-
detection device, indicating the presence of contact through a change in vibration
amplitude. Warren also fails to disclose the nature of the substrate contacted by the
dispenser in his example. Moreover, the example shown in Figure 21 of Warren does
not report frequencies or amplitudes, presenting results only in “arbitrary units,”

further underscoring the lack of quantitative disclosure.
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Figure 3.16 Modulus of polyvinyl chloride
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Figure 2.32 Storage and loss moduli for a blow molding grade PE-HD as functions of
frequency and temperature.

EX2025 (Osswald & Menges) at Fig. 3.16 (p.62); EX2026 (Osswald & Rudolph) at

Fig. 2.32 (p.53).
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169. Thus, as I discussed above, Warren simply tells those skilled in the art
to detect a change in amplitude and that the change in amplitude is proportional to a
contact force and thus a change in amplitude indicates contact. It does not teach or
suggest that the change in amplitude is converted into a detected or calculated current
contact force.

170. In addition, it would not have been obvious to detect the current contact
force based on the detected change in amplitude. See Petition at 20-21; EX1003,
1986-89. As I discussed above, Warren does not explain how to detect or calculate
the current contact force based on a change in amplitude. He simply states that in
general the “amplitude of the modulation in the signal is proportional to the force
applied between the dispenser and the substrate.” EX1004 at §[0315].

171. Figure 21 of Warren shows plots before and after contact, as well as the

change of the signal after contact, to understand the change in amplitude.

7\ \/ \\ /‘ N
0 \J — BEFORE CONTACT

VIBRATION SIGNAL AMPLITUDE,
ARBITRARY UNITS
|
S o

-20 % FREQUENCY, — AFTER CONTACT

_30 ARBITRARY UNITS  ___ LANGE OF THE
SIGNAL AFTER THE
CONTACT, %30

FIG. 21
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See EX1004 at Fig. 21, §[0306]'. As shown, the figure provides the “vibration signal
amplitude” on the vertical axis and the “frequency’ on the horizontal axis. However,
as mentioned, both measures have arbitrary units, indicating that the specific
magnitude of the amplitude change or frequency at which the change occurs is not
relevant. As I discussed above, presenting results only in “arbitrary units” further
underscores the lack of quantitative disclosure.

172. Figure 21 of Warren includes Plot 1, which “shows the relationship
between A and f before physical contact of the vibration element with another
surface,” Plot 2, which “shows the relationship between A and f after physical
contact of the vibration element with the other surface,” and Plot 3, which shows
“the absolute value of the relative AA.” EX1004 at §[0306]. Warren suggests that
the user must select a frequency to measure the change in amplitude. See id. (“This
enables the selection of a working f in a desirable region not limited by the self-
resonance of piezoelements.”). As shown above in Figure 21, there is no change in
the amplitude at certain frequencies where Plot 3 is at or near the horizontal axis.
See EX1004 at Fig. 21. It appears that Plot 3 is at or near the horizontal axis at least
seven points representing the frequencies where the amplitude curves, before and

after contact or cross each other.

' Warren incorrectly refers to Figure 21 as Figure 40 in his text.
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173. T understand that Patent Owner asked Dr. Wolfe about what Figure 21
of Warren shows. I understand that Dr. Wolfe testified that Plot 3 does not represent
the difference between Plots 1 and 2:

5 Q Okay. And so we talked about element 1

6 and element 2 of figure 21. What is element 3 of
7 figure 21?

8 A It says it is the change of the signal

9 after the contact X30, so it seems to be a

10 differential. It does not seem to be the

11 difference between 1 and 2. It seems to be after
12 a different contact.

13 Q Okay. So help me understand that, the

14 difference between 1 and 2 is not what element 3
15 represents?

16 A It doesn't appear to be, if you just look
17 at it visually. And it doesn't say just change of
18 signal after contact. It says after the contact
19 X30. So I think it is a different contact that
20 was measured in figure 2.

EX2020 at 77:5-20. This assessment is incorrect, as Plot 3 with no doubt represents
the difference between the curves in Plot 1 and Plot 2. Dr. Wolfe appears to have
interpreted “X30” as an experimental label, whereas it in fact indicates that the
plotted values were multiplied by a factor of 30 to make the difference between Plot

1 and Plot 2 visible.
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174. 1 also understand that Dr. Wolfe testified that he would pick one or

more frequencies to show “big negative difference in the signal” or “one of the top

peaks.”

13 Q Okay. Okay. And so you -- you had

14 mentioned that, you know, it is as high as

15 approximately 30 units, so it is not 30 units

16 across -- I guess, you were talking about the Y

17 axes, it 1s not 30 units across the entire X axes?

18 A No. And again, the teaching of the patent
19 is not that you have to measure it every

20 frequency. It is that you pick one or more

21 frequencies and do your measurements at that
22 frequency, and then it might be helpful to do a
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graph like this to help to choose a good
frequency.

Q So in the example in figure 21, what
frequency would -- would you choose?

A I would probably choose something around
the extremities of figure 3. So either where
figure 3 goes very low showing a big negative
difference in the signal after contact of X30 or
9 one of the top peaks.

10 Q Okay. And you said figure 3, are you --

11 A I'msorry, signal 3.

12 Q Signal 3, okay.

13 So you would pick either a trough or a

14 peak of signal 3?

15 A Yes. Although it would work fine if |

16 picked many other — I mean, I wouldn't want to
17 pick something where it is a zero crossing, but
18 there were many frequencies where — where it
19 would work fine. But — but the best ones would
20 probably be the ones that show the biggest change.

N B LN -

e I I -

EX2020 at 79:13-80:20.

175. However, in my view, nothing in Warren tells a person of ordinary skill
in the art which frequency or frequencies to select for detecting a change in
amplitude. Warren simply indicates the “frequencies are less than about 100 khZ”
(Warren, [0332]) and the “selection of a working f in a desirable region [is] not
limited by the self-resonance of piezoelements” (Warren, [0306]). Further,
comparing Plots 1 and 2 to Plot 3 fails to indicate that any particular frequency or
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set of frequencies would reliably provide a change in amplitude across different

contacts.

VIBRATION SIGNAL AMPLITUDE,
ARBITRARY UNITS
[
=

/
/
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SIGNAL AFTER THE
CONTACT, X30

FIG. 21

EX1004 (Warren), at Fig. 21. Furthermore, as discussed above, the viscoelastic
behavior of polymers, certain fluids, and biological tissues is frequency dependent,
meaning that the shape and frequency-dependent shift of the signal observed
between Plot 1 (before contact) and Plot 2 (after contact) depend on the specific
material. As a result, the signal response upon contact is inherently material
dependent, making it difficult to select a single operating frequency that would
function reliably across a wide range of polymer substrates, tissues, or fluids. Thus,
Warren fails to teach how to detect or calculate the current contact force based on
the change in amplitude or provide a motivation for doing so.

176. Further, in my view, detecting a current contact force from Warren’s

change in amplitude was not known to those skilled in the art. Contact between a
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dispenser and a substrate and any sensor measurements would have been subject to
many challenges besides selecting the appropriate frequency for detecting the
change in amplitude.

177. As I discussed above, a translation from a change in amplitude to a
detected current contact force is not feasible based on the teachings and information
provided by Warren.

178. First, the viscoelastic behavior of tissues and polymers makes their
mechanical properties—such as stiffness and viscosity—strongly frequency
dependent, as illustrated in the figure below (EX2025 (Osswald & Menges), at p.
62).

179. More generally, each material exhibits a complex mechanical
(rheological) response that depends not only on frequency, but also on deformation
amplitude, temperature, and time (EX2026 (Osswald & Rudolph), at pp. 47-56).

180. In addition, a strain input produced by vibration-induced excitation
generates a stress response that inherently combines both elastic and viscous
components. Interpreting such a response requires knowledge of both the storage
modulus, which characterizes the elastic contribution, and the loss modulus, which
characterizes the viscous contribution.

181. Asshown in the figures below, the storage and loss moduli of a polymer

such as high-density polyethylene vary significantly with frequency and

74
STRATASYS, INC. EXHIBIT 2027
IPR2025-00531, Page 78



Case: IPR2025-00531
U.S. Patent No. 9,168,698

temperature. Warren’s system, however, operates at frequencies between 90 and 100
kHz (see, e.g., Warren §[301]), which are several orders of magnitude higher than
the frequency range accessible to conventional material characterization techniques,
such as dynamic mechanical analysis (DMA), which typically operate between 0.01
and 100 Hz. There is no established method or device capable of characterizing
material viscoelastic properties at the frequencies and amplitudes relevant to
Warren’s system. Consequently, Warren’s sensor cannot provide a quantitative
measurement of contact force and functions instead as a contact-detection device,
indicating the presence of contact through a change in vibration amplitude. Warren
also fails to disclose the nature of the substrate contacted by the dispenser in his
example. Moreover, the example shown in Figure 21 of Warren does not report
frequencies or amplitudes, presenting results only in “arbitrary units,” further

underscoring the lack of quantitative disclosure.
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Figure 2.32 Storage and loss moduli for a blow molding grade PE-HD as functions of
frequency and temperature.

EX2025 (Osswald & Menges) at Fig. 3.16 (p.62); EX2026 (Osswald & Rudolph) at
Fig. 2.32 (p.53).

182. Thus, as I discussed above, Warren simply tells those skilled in the art
to detect a change in amplitude, stating that the change in amplitude is proportional
to a contact force, and therefore that the change in amplitude indicates contact.
Warren does not teach or suggest converting the change in amplitude into a detected
or quantitative current contact force.

183. Accordingly, there would have been differing amounts of deformation
upon contact depending on the particular substrate Warren uses. For example,
Warren’s capillary vibro-sensor dispensing units are used with “intermediate-
density gelatinized slides and high-density plain and patterned slides of human white
blood cells (WBC’s).” EX1004, 4[0295].

184. Also, the dispensed material varies as well, such as “depositing a
monolayer of cells; or depositing mono- or multilayered drawings of electronic
elements and circuits, such as capacitors, inductors, and filters.” Id. Moreover, the
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substrate shape itself varies. Some surfaces are curved, whereas others are flat. See
id. (“on curved surfaces”); EX1004, 4[0293] (“the substrate 3710 in FIG. 18 is
shown as being flat” and the substrate may be an “irregular or curved surface[]”);
see also id. at [0316] (“writing on curved surfaces”).

185. As shown in the figure below, different materials have vastly different
Young’s modulus, which is a mechanical property of materials that represents

stiffness when a force is applied along a length.
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EX2024, at Fig. 4.1. As shown in Figure 4.1, the stiffness of materials varies by over
six orders of magnitude (or 1,000,000 times) from ceramics with a Young’s modulus

approaching 1000 GPa to polyurethane and other polymers with a Young’s modulus
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at or below 0.001 GPa. /d. Varying modulus across materials impacts the ability to
detect a current contact force as the force applied to a surface, such as the surface of
a substrate for a three-dimensional printer or a three-dimensional printed material,
because the materials have differing stiffness values and thus deformation.

186. I understand that Patent Owner asked Dr. Wolfe about Young’s

modulus and he testified as follows:

13 Q Okay. Are you familiar with the -- the

14 term "Young's modulus"?

15 A Yes, but I have no idea what it is.

16 Q So you have heard -- you have heard of the

17 term before?

18 A Yes. As Isaid, I've worked on - on —

19 on 3D printer designs before, and I know that that
20 was an important issue, but I was able to send the
21 students off to talk to a mechanical engineering
22 specialist to figure it out. So I actually don't
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know what the — what the definition of a Young's
modulus is.

Q Okay. So you don't know what a Young's
modulus might pertain to?

A Not really. I think it has something to
do with deformation or — or - or
compressibility, but I don't — it is not
something I really understand.

Q Okay. So for --if it does pertain to
10 deformation, do you know the relationship between
11 Young's modulus and deformation?
12 A No.
13 Q Ifit pertains to compressibility, do you
14 know the relationship between Young's modulus and
15 compressibility?
16 A No.

N B LN -

O L D

EX2020 at 72:13-73:16.
187. 1 also understand that Dr. Wolfe was asked about his experience in

depositing cells and he testified as follows:
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Q What sort of industry experience do you
have with deposition of cells?

A None.

Q Do you have research experience related to
depositing cells?

A 1 don't, but Warren again, talks about a
8 lot more than that including deposition of
9 inorganic materials and specifically the
10 deposition of polymers.
11  Q How about a teaching experience? Do you
12 have teaching experience related to depositing
13 cells?
14 A No. I mean, not - not human - not
15 biological cells, no.
16 Q Okay. What non-biological cells do you
17 have experience with deposition on?
18 A That — just that word might be used to
19 describe other materials. But again, I don't have
20 any — I don't have any experience in depositing
21 biological materials.

N N s W

EX2020 at 89:2-21.

188. In my view, Dr. Wolfe’s lack of knowledge about Young’s modulus
and the deposition of cells underscores why a person of ordinary skill in the art would
not have been motivated to and would not have been able to detect a current contact
force based on Warren’s teachings. For instance, intermediate-density gelatinized
slides and high-density plain or patterned slides of human white blood cells (WBCs),
as well as tissue and polymeric materials, exhibit viscoelastic behavior, with

mechanical moduli that depend on frequency, temperature, and time. As illustrated
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above, variations in frequency and temperature alone can result in changes in
modulus of three orders of magnitude or more. Accordingly, it would not have been
obvious how to convert Warren’s change in amplitude to a detected current contact
force.

189. Further, in my opinion there is no motivation to detect the current
contact force based on the change in amplitude that is used in Warren’s solution. For
instance, Warren does not describe a comparison between the sensor signal and the
“desired contact force” as I understand Petitioner and Dr. Wolfe assert. See Petition
at 27-28; EX1003, 9109-11. Warren teaches that he determines whether the desired
contact force is obtained by detecting a change in amplitude of vibration. See
EX1004, Fig. 22A (steps 4104-4108), 9[0313] (“a determination is made whether

the contact force is that which is desired, based on the detected change in

amplitude™), 4[0302] (“The vibration imposed on the dispenser 3700 is changed,
e.g., modulated, by the contact of the 3700 dispenser with the substrate 3710.

The transducer 3740 senses and transfers the changed wvibration signal to an

amplifier (not shown), which then creates a feedback signal that is generally

proportional to the intensity of the physical contact of the dispenser 3700 with
the substrate 3710. The amplifier may be implemented with any suitable

conventional device, e.g., an AD621 instrumentation amplifier. The feedback signal

1s used to control the position of the dispenser 3700 to maintain a desired force of
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contact between the dispenser 3700 and the substrate 3710. For example, the

feedback signal may be used by a z-controller processor 3750 to control the z

positioning of the dispenser 3700 via a z-controller step motor 3760. A personal

computer (PC) may be used in conjunction with the z-controller 3750 for this
purpose, in which case the feedback signal is fed directly to the PC.”), q[0311]
(“When the substrate 4110 contacts the dispenser 4100, the vibration f spectrum of
the dispensing system is changed, and the A of the feedback signal changes. This
change is sensed and processed by the electronics unit 4130 and sent, e.g., to
a PC 4140. According to one embodiment, the PC 4140, in conjunction with the
control circuitry, controls the direction and speed of the z-axis stage 4170 upon
which the substrate 4110 rests. Alternatively, the control circuitry may perform this
function without the use of a PC.”). Thus, a person of ordinary skill in the art would
have understood from Warren’s teachings that the change in amplitude itself is used
to indicate a desired contact. EX1004 at Fig. 21, §[0306] (“Plot 3 shows the absolute
value of the relative AA.”). A person of ordinary skill in the art would not have
understood Warren to teach or suggest detecting a current contact force based on the
change in amplitude and then comparing that current contact force to another force.

190. Although the 698 Patent describes that different sensors may be used
“so long as the contact force(s) described above may be calculated from the sensed

physical characteristics,” there is no teaching, whether in the 698 Patent, Warren,
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or in the references that Petitioner cited, that the current contact force may be
actually detected from Warren’s change in amplitude. EX1001 at 8:56-61; see also
EX1004 at Fig. 21, 9[0306]. As discussed above, Warren does not teach detecting
the current contact force, nor do the references that Petitioner cites indicate that
detecting the current contact force in Warren’s system was known.

191. Thus, Ground 1A (Warren) does not show that claim 1 is obvious.

C. Claims 2-6, 8-15

192. I understand that claims 2-6 and 8-15 depend from claim 1. Supra
Section I (“The Challenged Claims of the *698 Patent”). For at least the reasons I
provided above for claim 1, it is my opinion that Petitioner has failed to show all
elements of claims 2-6 and 8-15. Supra VII.A and VIIL.B. I also provide additional
opinions about certain dependent claims below.

D. Claims 3 and 9

193. Claims 3 and 9 recite the following elements:

“3. The method of claim 2, wherein the at least one component of the

three-dimensional printer controls a feed rate for a build material used
in the build.

9. The method of claim 2 wherein the control signal includes a signal
to the three-dimensional printer to change a feed rate of build material
extruded by the extruder.”

See EX1001; supra Section II (“The Challenged Claims of the 698
Patent), Claims 3 and 9.
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194. I understand that Petitioner contends that Warren teaches claims 3 and
9. See Petition at 25-26 (claim 3), 31 (claim 9).

195. For claim 3, Petitioner asserts that “In view of Warren’s teaching that
the z-height be controlled based on contact force, it would have been apparent or
obvious to a POSITA that control signals to the z-controller step motor for adjusting
the z-position of the dispenser based on contact force result in corresponding control
signals to the linear actuator to provide synchronous adjustments to the flow of
material from the dispenser.” Petition at 25; EX1003, 9101. Petitioner also asserts
that “the through-nozzle dispenser includes a linear actuator (i.e., one of the claimed
‘at least one component’) to adjust dispensing rate (i.¢., feed rate for build material
used in the build).” Petition at 26; EX1003, 9103. Further, Petitioner asserts “feed
rate is controlled synchronously with the ‘xyz motion of the dispenser’ and in

(X139

response to identified ‘“trouble spots”...where there is too much material being
deposited’ — both of which are controlled based on contact force.” Petition at 26;
EX1003, 99103-104.

196. For claim 9, Petitioner similarly asserts that “In the context of Warren’s
‘force feedback control’ that ‘enables the dispenser to seek and find contact with a
surface,” dispense on ‘conformal surfaces,” and identify ‘trouble spots’ having ‘too

much material,” a POSITA would have known that the linear actuator regulates the

dispensing rate of material from the dispenser to control the amount of material fed
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to the nozzle tip per second (i.e., feed rate of build material extruded by the extruder)
so that Warren’s dispenser ‘maintains contact of a desirable intensity.”” Petition at
31; EX1003, q9119-121.

197. However, as I discussed above in Section VII.A, there is no motivation
to use Warren’s through-nozzle dispenser with Warren’s vibration sensing solution.
Supra Section VII.A. Warren does not invite using his vibration sensing solution
with his through-nozzle design. See EX1004, 49 [0295-300] and Figures 18, 19, 20A,
and 20B.

198. Similarly, as I discussed above in Section VII.A, there is no motivation
to use the through-nozzle design for the dispenser to enable precise control. Supra
Section VII.A. Warren describes using a quill-pen or capillary design to enable
precise control. See EX1004, 99[0260], [0278].

199. Similarly, as I discussed above in Section VII.A, there is no motivation
to modify Warren’s capillary or quill-pen designs to use a linear actuator. Supra
Section VII.A. Warren describes a combination tool that integrates different devices,
explains that capillary and quill-pen designs already achieve precise control of the
material flow. See EX1004 at §9[0093], [0231], [0234], [0279], [0260], [0298].

200. Similarly, as I discussed above in Section VII.A, there is no motivation
to provide Warren’s through-nozzle dispenser with vibrating force sensor

capabilities. Supra Section VII.A. Warren teaches that his through-nozzle dispenser
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already includes a mechanism to control the deposition geometry and to avoid
damage by using location control device 800. See EX1004, 4[0243], [0234], [0227],
[0228], Fig. 36.

201. In addition, Warren’s synchronization of xyz motion of the dispenser
for the linear actuator and valve of the through-nozzle design, as well as identified
trouble spots, is not responsive to a current contact force. Warren describes the
operation of his valve and linear actuator in the through-nozzle design with the xyz
motion.

202. First, in Warren’s “distance invariant” mode, the valve can be opened
“independently before any xyz motion begins, then finish opening the valve over a
set xyz distance.” EX1004, 4[0235]. While the position of the valve can change “near
the end of the motion or at certain ‘trouble spots’ in the middle of a path,” neither
the end of the motion or such trouble spots (“such as at a corner where there is too
much material being deposited”) is responsive to the current contact force detected.
Rather, those identified trouble spots exist according to the geometry of the object
to be printed and any preliminary build instructions. A person of ordinary skill in the
art would have understood that such events are independent of the current contact
force because they are identifiable prior to any contact force or printing operation.

203. Further, a person of ordinary skill in the art would not have understood

that the valve position in Warren’s through-nozzle design would be adjusted
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responsive to Warren’s vibrating sensor solution conforming to the surface. Rather,
a person of ordinary skill in the art would have understood that Warren’s vibrating
sensor solution would move the position of the dispenser to conform to the surface,
as Warren teaches. Such an individual would not be motivated to replace Warren’s
teaching with a change to the valve position. See EX1004, 4[0313] (“the position(s)
of the dispenser and/or the substrate are varied at step 4108, causing a change in the
amplitude of vibration™).

204. Second, in Warren’s “volumetric invariant” mode, Warren states that
the valve position is used to control the amount of material dispensed per second.
EX1004, 9[0239]. Again, a person of ordinary skill in the art would have understood
that controlling the amount of material dispensed per second does not vary in
response to a current contact force in Warren. Rather, the amount of material
dispensed depends on the distance traveled by a dispenser and the time taken (or to
be taken) to travel that distance. See EX1004, §[0239].

205. Third, in Warren’s “combination approach,” Warren defines “the speed
at which the dispenser should move” and switches between the “distance invariant
mode” that sets the valve to be reached at certain pre-determined xyz locations and
a “volumetric invariant mode” based on characterization. EX1004, 4[0240]. For the
reasons I provided above, a person of ordinary skill in the art would have understood

that Warren’s combination approach, like the two approaches (“distance invariant”
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mode and “volumetric invariant” mode) that comprise the combination approach,
does not vary in response to a current contact force in Warren. Thus, the xyz
synchronization that Warren describes for a linear actuator and valve in the through-
nozzle design are not responsive to a current contact force. Accordingly, Ground 1A
does not render claims 3 and 9 obvious because the “component” and “signal” that
Petitioner identifies for controlling or changing the feed rate of the build material is
not created “in response to the current contact force” (see claim 1). See id.

E. Claims 5 and 6

206. Claims 5 and 6 recite the following elements:

“5. The method of claim 2 further comprising comparing the current
contact force to an expected contact force.

6. The method of claim 5 further comprising adjusting at least one
parameter of the three-dimensional printer to reduce a difference

between the current contact force and the expected contact force.”

See EX1001; supra Section II (“The Challenged Claims of the 698
Patent), Claims 5 and 6.

207. I understand that Petitioner contends that Warren teaches claims 3 and
9. See Petition at 27-28 (claim 5), 28-29 (claim 6).

208. For claim 5, Petitioner asserts that “Warren’s combined teachings
further provide comparing the current contact force (e.g., measured contact force)

to an expected contact force (e.g., desired contact force).” Petition at 27-28;

EX1003, §9109-111.
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209. For claim 6, Petitioner asserts that “Warren’s combined teachings
further provide adjusting at least one parameter of the three-dimensional printer
(e.g., the z-position of integrated dispenser) to reduce a difference between the
current contact force and the expected contact force (e.g., maintain a desired force
of contact).” Petition at 28; EX1003, q4112-113.

210. However, Warren does not teach a “measured contact force” as
Petitioner asserts. As I explained above, Warren teaches measuring a change in
amplitude of vibration and this change in amplitude indicates whether a desired
contact has occurred. Supra Sections VII.A (lack of motivation for combination),
VIL.B (Claim 1); see also EX1004, Fig. 22A, 99 [0289] (“The position of one or
more of the elements is varied, based on the detected AA, to maintain a desired force
of contact between the dispenser and the substrate.”), [0313] (repeatedly referring to
the detected change in amplitude); [0305] (“A is inevitably altered” “when a
vibrating element contacts™), [0311], [0316]. Thus, Warren does not have a
measured contact force or compare a measured contact force to an expected contact
force (as in Claim 5), much less reduce a difference between a measured contact
force and expected contact force (as in Claim 6).

211. Thus, Ground 1A (Warren) does not show that claims 5 and 6are

obvious.
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F. Claims 10 and 11

212. Claims 10 and 11 recite the following elements:

“10. The method of claim 2 further comprising detecting a planarity of
the separate structure based upon a number of contact force
measurements across a surface of the separate structure.

11. The method of claim 10 further comprising fabricating a layer on
the surface of the separate structure that decreases one or more

irregularities in the surface of the separate structure.”

See EX1001; supra Section II (“The Challenged Claims of the 698
Patent), Claims 10 and 11.

213. T understand that Petitioner contends that Warren teaches claims 3 and
9. See Petition at 31-33 (claim 10), 33-35 (claim 11).

214. For claim 10, I understand that Petitioner asserts that ‘“Warren’s
combined teachings further provide detecting a planarity of the separate structure
(e.g., flatness of the substrate positioned on the build platform) based upon a number
of contact force measurements (e.g., by measuring AA (changed amplitude) of a
vibration signal imposed on the dispenser) across a surface of the separate structure
(e.g., a surface of the substrate positioned on the build platform).” Petition at 31-32;
EX1003, 99122-124. I also understand that Petitioner asserts that Warren teaches
“Detecting Planarity During Printing” and “Detecting Planarity Before Printing.”
Petition at 32-33; EX1003, 99125-127.

215. For claim 11, I understand that Petitioner asserts that “POSITA would

understand that such porosity is an irregularity in the surface of the scaffold.”
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Petition at 33; EX1004, [0320]; EX1003, 9129. I also understand that Petitioner
asserts that “a POSITA would understand that the deposited cells are a layer on the
separate structure and that decreases one or more irregularities by attaching and
penetrating the pores.” Petition at 33-34; EX1003, 99128-129. In addition, Petitioner
asserts that “viscous materials” that “exit the through-nozzle dispenser or the
capillary dispenser, the extruded fluids would decrease irregularities, and certainly
any smaller irregularities, in the surface of the separate structure when the viscous
materials accumulate and fill irregularities on the surface.” Petition at 34-35;
EX1003, 99131-132.

216. First, while Warren does teach that its dispenser “follow[s] irregular or
curved surfaces” (EX1004, 9[0293]), he does not teach detecting the planarity of the
surface “based on a number of contact force measurements across a surface.” As
discussed above for claims 5 and 6, Warren does not teach measuring a contact force.
Supra Section VIL.LE. Warren also does not teach making a number of contact force
measurements that collectively form the basis for detecting planarity. Rather,
Warren teaches adjusting the height of the dispenser based on a detected change in
amplitude of vibration at a given point above a substrate before moving to the next
position. See, e.g., EX1004, §[0313], [0310], [0293].

217. Second, Warren does not teach detecting planarity before printing.

Petitioner and Dr. Wolfe rely on hindsight to assert it would be obvious to apply
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“Warren’s force sensing to determine surface planarity as part of a calibration
procedure.” See Petition at 33 (EX1003, 49126-27). Warren does not teach any
calibration procedure involving his vibration sensing solution. See generally
EX1004; see also EX1004, q[0285] (describing tip crashes); 9[0289] (describing
controlling the dispenser based on a detected change in amplitude that avoids
crashes); 9[0226-27] (describing location control device 800 that provides ‘“fine
control” that also avoids crashes).

218. Although Petitioner cites to another reference (EX1007 to Dunn), a
person of ordinary skill in the art would have understood that Warren already
provides a technique to build accurate error-free models by determining the spatial
relationship between a tip extruding material and a substrate. As I discussed, Warren
adjusts the height of its dispenser based on a change in amplitude of a vibration to
conform to surfaces. See, e.g., EX1004, q[0313], [0310], [0293]. In such a solution,
a person of ordinary skill in the art would have recognized that there is no motivation
to run a calibration procedure separate from the print. For example, a substrate that
has been warped or damaged from a completed print would not be able to avoid “a
large spacing between the tip and the substrate surface” for the very next print
without running a process as part of the printing process. See EX1001 at 9:41-46
(“The differences amongst the measured contact forces may be attributed to warping

of the surface, physical damage to the surface, (e.g., dents, scratches, etc.), the
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surface having become skewed or misaligned with respect to its intended mounting
position in the three-dimensional printer, or other causes.”). Thus, there is no
motivation to apply Warren’s vibration sensing solution as a calibration procedure.

219. Third, depositing cells into porous scaffolds does not teach decreasing
one or more irregularities in the surface of the separate structure (claim 11). A
POSITA would have understood that the plain meaning of “fabricating a layer on
the surface of the separate structure that decreases one or more irregularities in the
surface of the separate structure” refers to the fabrication of a layer that mitigates the
irregularities of the surface as detected by the planarity in claim 10. The specification
of the 698 Patent discloses ““a technique for mitigating planar irregularities in a build
surface” in Figure 4 and the associated description. EX1001 at 9:24-27. The first
step is to detect the planarity of the surface based on a number of contact force
measurements. See id. at 9:31-40. The second step is to fabricate a layer to mitigate
irregularities. See id. at 9:63-10:12. The result of this process is that “gaps in the
surface” are filled in “so that the resultant layer is effectively planar.” Id. at 10:10-
12. Warren does not teach filling in gaps in a porous scaffold to make the resultant
layer effectively planar or using a detection of planarity to fabricate a layer to
decrease irregularities. Rather, Warren teaches that his solution follows “irregular or
curved surfaces.” EX1004, 4[0293]. Further, flattening out extruded material with

the tip does not fabricate a layer that is effectively planar as the irregularities from
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the surface underneath will impact subsequent layers on top of the surface. Similarly,
Warren does not teach depositing viscous materials to make the resultant layer
effectively planar or using a detection of planarity to fabricate a layer to decrease
irregularities. See id.; see also Petition at 34-35.

220. Thus, Ground 1A (Warren) does not show that claims 10 and 11 are
obvious.

G. Claim 12

221. Claim 12 recites two elements. Claim element 12.a states the “method
of claim 1, wherein the build instructions include at least one instruction for
achieving a specified contact force between the fabrication tool and a separate
structure, and” and claim element 12.b states “wherein the control signal controls
the at least one component of the three-dimensional printer to achieve the specified
contact force.” See EX1001; supra Section II (“The Challenged Claims of the 698
Patent), Claim 12.

222. T understand that Petitioner contends that Warren teaches claim 12. See
Petition at 35 (12.a), 35-36 (12.b).

223. For claim element 12.a, I understand that Petitioner asserts that
“Warren’s combined teachings provide that the computer-aided design and
manufacturing (CAD/CAM) data, capable of being executed on the integrated

printing system, include at least one instruction “to maintain a desired force of
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contact between the dispenser 3700 and the substrate 3710 (i.e., for achieving a
specified contact force between the fabrication tool and a separate structure).”
Petition at 35; EX1003, 99133-134.

224. For claim element 12.b, I understand that Petitioner asserts that “the
control signal (e.g., from the processor) controls the at least one component of the
three-dimensional printer (including, e.g., z-controller step motor and linear
actuator) to achieve the specified contact force.” Petition at 35-36; EX1003, 99 135-
136.

225. However, nothing in Warren teaches or suggests a specified contact
force. As I discussed above, Warren merely states that he desires a contact force
based on a change in amplitude of the vibration. See, e.g., EX1004, at q[0313]
(determining whether there is a desired contact force by actually “detect[ing a]
change in amplitude”); supra Section VII.A (lack of motivation for combination),
VIL.B (claim 1).

226. In contrast to Warren’s teachings, the 698 Patent discloses that, for
example, “a build instruction in machine-ready code may directly specify a target
for the contact force, e.g., as an explicit instruction to achieve or maintain a specified
contact force between the fabrication tool and a separate structure.” EX1001 at

11:25-28. However, Warren does not teach or suggest specifying a target for the
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contact force, much less identifying a specified contact force for control. Thus,
Warren does not teach or suggest a specified contact force.
227. Thus, Ground 1A (Warren) does not show that claim 12 is obvious.

VIII. GROUND 1B: CLAIMS 3,7, AND 9 WouLD NOT HAVE BEEN OBVIOUS OVER
GROUND 1B (COMBINATION OF WARREN AND ESHED)

228. In Ground 1B of the Petition, Petitioner asserts that claims 3, 7, and 9
are obvious over Warren and Eshed. See Petition at 37-38 (Overview of Eshed), 38-
40 (Asserted Motivation to Combine), 40-41 (claim 3), 41 (claim 7), 41-42 (claim
9).

229. 1 have reviewed Petitioner’s challenges in Ground 1B, and it is my
opinion that Ground 1B fails to teach or suggest all elements of claims 3, 7, and 9. |
explain my opinions below in detail.

A.  There is no motivation to combine Warren and Eshed (Ground
1B)

230. Tunderstand that Petitioner asserts a motivation to combine Warren and
Eshed. See Petition at 38-40; EX1003, 99144-148. Specifically, Petitioner asserts
that a “POSITA would have been motivated to safeguard operation of the three-
dimensional printer by comparing the current contact force and the expected contact
force, as taught in Warren, and stopping production when the difference indicates a
fabrication error, such as a collision with unwanted protuberances, terminating the

build, as suggested by Eshed.” Petition at 39. As explained above for claim 5,
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Petitioner’s view of Warren is fundamentally flawed as the reference does not teach
comparing a current contact force to an expected contact force. Supra Section VIL.E
(claims 5 and 6 for Ground 1A (Warren)).

231. In my view, there is no motivation to combine because Petitioner’s
rationales are insufficient to motivate a person of ordinary skill in the art to make
the proposed combination. Warren already discloses his solution for avoiding
damage to the extruder tip by using vibration sensing. See, e.g. EX1004, 99 [0293-
95] (following curved irregular or curved surfaces by varying the position of the
dispenser and using vibration sensing). Accordingly, a person of ordinary skill in the
art would not have desired to prevent even further damage to the extruder tip.
Further, Warren describes other solutions to address tip crashes, such as location
control device 800 that enables fine control. See EX1004, 49[0226]-[0228], Fig. 36.
Thus, a person of ordinary skill in the art would not have been motivated to look for
teachings from Eshed to explain collisions.

232. In addition, a person of ordinary skill in the art would not have been
motivated to apply Warren’s technique to Eshed detection system. Warren describes
a vibrating sensing system in which an oscillator imparts a vibration and a transducer

senses the vibrations. See, e.g., EX1004, at Fig. 18 (reproduced below).
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233. In contrast, Eshed discloses a collision detection system that uses an
accelerometer or audio detection of collisions. See, e.g., EX1008, 44[0181-182].
There is no teaching in Warren of how to adapt his vibration sensing teachings to
Eshed accelerometer or audio detection systems. Similarly, there is no teaching in
Eshed of how to adapt his accelerometer or audio detection of collisions to Warren’s
vibration sensing solution. Nor would a person of ordinary skill in the art have
understood such a resulting system to be predictable. Indeed, Warren was not
concerned with terminating fabrication but rather conforming his dispenser to a
surface, such as an “irregular or curved surface[].” See EX1004, 4[0293]. Thus, there
i1s no motivation to combine Warren and Eshed and there would not have been a

reasonable expectation of success in the combination.
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234. For these reasons alone, Ground 1B (Warren and Eshed) does not show
that claims 3, 7, and 9 are obvious.

B. Claims 3,7, and 9

235. Claim 3 recites the “method of claim 2, wherein the at least one
component of the three-dimensional printer controls a feed rate for a build material
used in the build.” See EX1001; supra Section II (“The Challenged Claims of the
’698 Patent), Claim 3.

236. Claim 7 recites the “method of claim 5 further comprising terminating
the build when a difference between the current contact force and the expected
contact force indicates a fabrication error.” See EX1001; supra Section II (“The
Challenged Claims of the 698 Patent), Claim 7.

237. Claim 9 recites the “method of claim 2 wherein the control signal
includes a signal to the three-dimensional printer to change a feed rate of build
material extruded by the extruder.” See EX1001; supra Section II (“The Challenged
Claims of the 698 Patent), Claim 9.

238. Forclaims 3 and 9, I understand that Petitioner asserts creating a control
signal to stop production based on the measured contact force indicating a

fabrication error. See Petition at 40-42.
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239. Similarly, for claim 7, I understand Petitioner asserts that the current
contact force is compared to an expected contact force to terminate the build. See
Petition at 41.

240. However, as I discussed above for claim 5, Warren does not teach
measuring a contact force. Supra Section VILE (claims 5 and 6 for Ground 1A
(Warren)); see also EX1004, q9[0289], [0313], [0305], [0316]. Accordingly, Warren
does not teach that stopping production can be based on the measured contact force,
as Petitioner asserts for claims 3 and 9. Further, Warren does not teach comparing a
measured contact force to an expected contact force as Petitioner asserts for claim 7.
See id.

241. For these additional reasons, Ground 1B (Warren and Eshed) does not
show that claims 3, 7, and 9 are obvious.

IX. GROUND 2A: CLAIMS 1-5,7-10,12-15 WouLD NOT HAVE BEEN OBVIOUS
OVER GROUND 2A (COMBINATION OF CALDERON AND REPRAP20208)

242. In Ground 2A of the Petition, Petitioner asserts that claims 1-5, 7-10,
and 12-15 are obvious over Calderon and RepRap 20208. See Petition at 42-46
(Overview of Calderon), 46-48 (Overview of RepRap20208), 48-56 (Asserted
Motivation to Combine), 56-57 (1.pre), 57-58 (1.a), 58-61 (1.b), 61-62 (1.c), 62-63
(1.d), 63 (claim 2), 63-64 (claim 3), 64-65 (claim 4), 65 (claim 5), 65-66 (claim 7),
66-67 (claim 8), 67-68 (claim 9), 68-69 (claim 10), 69 (12.a), 70 (2.b), 70 (claim
13), 70-71 (claim 14),72 (claim 15).
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243. 1 have reviewed Petitioner’s challenges in Ground 2A, and it is my
opinion that Ground 2A fails to teach or suggest all elements of claims 1-5, 7-10,
and 12-15. I explain my opinions below in detail.

A.  There is no motivation to combine Calderon and RepRap20208
(Ground 2A)

244. 1 understand that Petitioner asserts a motivation to combine Calderon
with RepRap20208. See Petition at 48-56. I understand that Petitioner is asserting
that the strain gauges from RepRap20208 would be applied and that Petitioner
provides six reasons for this combination. See id.

245. For the strain gauges, Petitioner asserts that a “POSITA would have
been motivated to apply one or more strain gauges from RepRap20208 to Calderon’s
three-dimensional printer so that the printer of the [] Combination is equipped with
one or more strain gauges located on the extruder mount ... to sense a contact force
between nozzle 132, and substrate 128.” Petition at 49; see also id. at 48-56.

246. In my opinion, a person of ordinary skill in the art would have
understood that there is no motivation to combine Calderon and RepRap20208 in
the manner that Petitioner proposes and that there would have been no reasonable
expectation of success in doing so.

247. Calderon already has his own technique for auto-initialization and
collision detection to determine contact with a nozzle by “monitoring a change in

the servo drive current.” EX1009 at 10:5-8; see also id. at 9:63-10:5, 10:26-47.
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According to Calderon, his solution has a distinct advantage over discouraged
solutions that need “special purpose sensing means.” Id. at 10:7-8; see also id. at
9:63-10:5, 10:26-47.

248. Calderon also teaches that his solution has collision detection to detect
objects in the build envelope. See id. at 10:26-30. As Calderon explains, his collision
detection 1s important when the model is being built “in a location remote from the
user.” Id. at 10:29-31. Accordingly, his solution “feels for the presence or absence”
of an object employing his sensing techniques to “stop[] the build and alert the user
to clear the build envelope.” Id. at 10:41-45. Calderon also teaches that his solution
can “feel for features of the model using [his] sensing techniques” to detect “partially
built models.” See id. at 10:57-64.

249. In my view, Petitioner does not adequately address these teachings in
Calderon and instead presents multiple, deficient rationales that ignore Calderon’s
teachings. Petitioner relies on the following rationales:

e “benefits of collision detection” (Petition 51);

e “real-time collision detection” (Petition 51-52);

e ‘“slop/backlash” (Petition 52-53);

e “force of resistance to movement” (Petition 53-54);

e ‘“prevent damage[e to] the substrate” (Petition 54-55); and

e “strain gauges were commonly used” (Petition 55-56).
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250. In presenting these rationales, Petitioner misinterprets and ignores the
teachings of Calderon and RepRap20208 and uses hindsight. RepRap20208 does not
“complement[]” Calderon’s disclosure, as Petitioner asserts. See Petition at 48-49.
Petitioner proposes the opposite of what Calderon expressly teaches by arguing for
a combination that uses special purpose sensing means in the form of strain gauges
as a substitute for Calderon’s solution that monitors changes in the servo drive
current and that detects objects in the build envelop providing collision detection.
See Petition at 50 (adding a special purpose sensing means in the form of a strain
gauge “on the extruder mount”); see also Petition at 49, 55-56; EX1009 (Calderon),
9:63-10:5, 10:26-47. Further, Calderon already teaches his own solution to stop the
machine. He teaches that “the machine stops the build and alerts the user to clear the
build envelope.” See EX1009 at 10:43-45. Thus, a person of ordinary skill in the art
would not have been motivated to look to RepRap20208 to have the “machine shut
down.” See Petition at 51-52.

251. Similarly, Petitioner’s assertion that Calderon’s solution that monitors
the current of the servo drive motors would have “slop/backlash” is deficient. See
Petition at 52-53 (citing to RepRap20208 (EX1010), 20 and EX1003, 99168-69).
Page 20 of RepRap20208 (EX1010) only mentions “backlash” and not “slop” and
does not indicate that the concern about backlash “before the sensor registers” relates

to Calderon’s solution of constantly monitoring the current of the servo drive motors
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for a change. See EX1010 (RepRap20208), 20; see also EX1009 (Calderon), 10:5-
8. The surrounding context in RepRap20208 indicates that it is referring to some
other sensor unrelated to Calderon’s solution, such as the IESP-12 force sensor or
bump sensor. See EX1010 (RepRap20208) at 19 (“That IESP-12 force sensor is
priced right at $7, but I'm a little skittish about the ‘estimate’ language in the

datasheet.”), 20 (“measuring contact force for a stencil cutting blade or drawing pen

to get more uses out of the bot™), 20 (“if you've got it truly not touching the sensor

(as that datasheet recommends [sic]), then you've got a certain amount of backlash

to take up before the sensor registers”), 20 (“A cheap bump sensor is described on
instructables™).

252. Petitioner’s assertion that RepRap20208 would measure force from a
location closer to the nozzle to address slop/backlash is also incorrect. See Petition
at 52. Petitioner incorrectly assumes that Calderon’s drive current motors are only
used for x-y axis translator 118. See Petition at 52 (“Calderon’s arm, x-y axis
translator”). Petitioner fails to address how a strain gauge would be closer to the
point of contact with platform 134 than the z-axis translator, which directly drives
modeling platform 134 involved in such contact. See EX1009 at Fig. 1 (reproduced

below).
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253. Petitioner next assertion that a strain gauge would provide “more

99 ¢¢

accurate,” “consistent” force measurement is guided by hindsight. See Petition at 53-
54 (“force of resistance to movement”); EX1003, 4170. Although Dr. Wolfe
provides a citation to Calderon (see EX1003, 170 citing to EX1009 at 9:63-10:23),
those portions of Calderon do not support Petitioner’s conclusion that there are
problems with constantly monitoring the servo drive current for a change, as
Calderon teaches. In my view, there is no supporting disclosure regarding any

problems with Calderon constantly monitoring the servo drive current for a change

to a strain gauge.
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254. Similarly, Petitioner’s assertion that a strain gauge would support
different substrates without damage is fundamentally flawed. See Petition at 54-55.
Neither Calderon nor RepRap20208 mention the term “damage” or “damaging.”
See, generally EX1009, EX1010. There is no teaching that a strain gauge provides
any benefit over Calderon’s solution of monitoring for changes in the servo drive
current to prevent damage to substrate 128. Further, Calderon discloses that the
extrusion nozzle should be below the top surface of some substrates, such as a foam
substrate, which indicates to those skilled in the art that damage to the foam substrate
1s necessary to use it for extrusion, with layers “buried in the foam.” See EX1009
(Calderon) at 2:44-50. Thus, modifying Calderon to prevent damage to its substrate
is contrary to Calderon’s express teachings.

255. For these reasons, a person of ordinary skill in the art would not have
been motivated combine Calderon and RepRap20208 as Petitioner asserts. Thus,
Ground 1A (Warren) does not show that claim 1 is obvious.

B. Claim 1, Element 1.a

256. Claim element 1.a recites “identifying build instructions for fabricating
an object.” I understand Petitioner asserts that Calderon teaches “identifying build
instructions” by pointing to “a file describing the geometry of a part 109 to be
created” that includes “volume elements 110.” Petition at 57. Petitioner also argues

that Calderon refers to the file as “design data provided from a computer aided
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design (CAD) system” where “[a] mathematical description of a physical part to be
created is split into (usually) planar layers.” Petition at 58.

257. However, as shown in the excerpt of Figure 1 in Calderon below, the
file and elements in the figure represent the model of the object and not build

instructions for fabricating the object.

See EX1009 at Fig. 1 (excerpt).

258. Similarly, the “design data” provided from the CAD system in Calderon
represent the model of the object itself. Petitioner does not explain why those are
build instructions.

259. Further, Petitioner does not explain why depositing “extruded material”
in areas “defined from the CAD model” teaches build instructions for fabricating an
object. See Petition at 58; EX1003, 99178-180

260. In my view, Petitioner has not pointed out what function identifies the

build instructions and thus Ground 2A does not teach the claim element.
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C. C(Claim 1, Elements 1.b, 1.c, and 1.d

261. Claim 1 of the 698 Patent requires, among other elements, “initiating
a build using a three-dimensional printer comprising a fabrication tool and one or
more sensors mechanically coupled to the fabrication tool, the one or more sensors
configured to detect a current contact force between the fabrication tool and a
separate structure;” (claim element 1.b), “detecting the current contact force based
on a sensor signal from the one or more sensors; and” (claim element 1.c), and
“creating a control signal to control at least one component of the three-dimensional
printer in response to the current contact force while depositing material during the
build” (claim element 1.d). See EX1001; supra Section II (“The Challenged Claims
of the 698 Patent), Claim Elements 1.b, 1.c, and 1.d.

262. 1 understand that Petitioner contends that the Calderon-RepRap20208
combination teaches these claim elements. See Petition at 58-63.

263. For claim element 1.b, Petitioner contends that the strain gauge(s) of
the combination operate to sense the contact force between the extruder and a
separate structure (substrate 128 or model 136). See Petition at 58-61.

264. For claim element 1.c, Petitioner contends it would have been obvious
to provide a constant measurement of the force on the head to detect the current

contact force. See Petition at 61-62.
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265. For claim element 1.d, Petitioner contends that the combination detects
a current contact force. See Petition at 62-63.

266. In support of Petitioner’s assertions for detecting a current contact
force, Petitioner cites to several pages (pages 13 and 20) of the RepRap20208
reference and Figure 1 of Calderon. See Petition at 61-62 (citing EX1010, 13, 19-
20; EX1009, Fig. 1).

267. It 1s my opinion that the combination does not teach all portions of
claim elements 1.b, 1.c, and 1.d.

268. There is no teaching of one or more sensors configured to detect a
current contact force, detecting the current contact force based on a sensor signal, or
in response to the current contact force, creating a control signal. Page 13 of
RepRap20208 does not mention a “force.” See EX1010, 13. Rather, it merely
discloses using a strain gauge on the extruder mount. See id. (“A strain gauge on the
extruder mount would do that as well, and it could do a few other things as well, like
finding the bed height automatically.”).

269. Page 19 of RepRap20208 mentions a “force sensor” but teaches away
from using it because it “doesn’t sound like it works well over long periods of time
under force.” See id. at 19.

270. Similarly, page 20 of RepRap20208 describes “measuring contact force

for a stencil cutting blade or drawing pen” but the next post teaches away from that
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solution due to “backlash™ and uncertainty as to “exactly when the head touches.”
See id. at 20. It also describes a constant measurement of the force on the head,
including its weight, but it does not mention a contact force. See id. (“a constant
measurement of the force on the head (including it’s weight)”’). Whether a person or
ordinary skill considered these disclosures in RepRap20208 individually or
collectively they fail to teach detecting a current contact force.

271. Petitioner’s citations to Calderon are also deficient. For example,
Figure 1 of Calderon is simply a schematic of his generic system. See EX1009, 3:66-
67, 4:34-52, FIG. 1. As I discussed above, Calderon monitors a change in the servo
drive current. Supra Section VI.D (Overview of Calderon); see EX1009 at 10:5-8.
He does not calculate a contact force. See id. Thus, the combination does not teach
one or more sensors configured to detect a current contact force, detecting the current
contact force based on a sensor signal, or in response to the current contact force,
creating a control signal.

272. Moreover, as | explained above, there is no motivation to combine
Calderon with RepRap20208. Supra Section IX.A. Among many other reasons,
there i1s no motivation to look to RepRap20208 for Petitioner’s coined “real-time
collision detection” as Calderon already has his own solution for collision detection.
See EX1009, at 10:26-64. Accordingly, a person of ordinary skill in the art would

not have been motivated to replace Calderon’s monitoring of servo drive current to
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detect a current contact force with a strain gauge from RepRap20208 that provides
a special purpose sensing means. See, e.g., Petition at 60.

273. Thus, Ground 2A (Calderon and RepRap20208) does not show that
claim 1 is obvious.

D. Claims 2-5, 7-10, 12-15

274. 1 understand that claims 2-5, 7-10, 12-15 depend from claim 1. Supra
Section II (“The Challenged Claims of the 698 Patent”). For at least the reasons |
provided above for claim 1, it is my opinion that Petitioner has failed to show all
elements of claims 2- 5, 7-10, 12-15. Supra Sections IX. A, IX.B, IX.C. I also provide
additional opinions about dependent claims 4, 5, 7, 10, and 12 below.

E. Claim 4

275. Claim 4 recites “The method of claim 2, wherein the at least one
component of the three-dimensional printer controls a z-distance between the
extruder and a build platform of the three-dimensional printer.” See EX1001; supra
Section II (“The Challenged Claims of the 698 Patent”).

276. 1 understand Petitioner asserts that “shutting the 3D printer down
includes stopping any change the relative z-distance between the dispensing head
and the platform to prevent damage.” Petition at 64-65; EX1009, 4:56-57.

277. 1disagree with Petitioner’s assertion. The combination of Calderon and

RepRap20208 does not teach changing the z-distance as part of shutting down the
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3D printer. RepRap20208 simply includes a forum poster who would “have the
machine shut down.” EX1010, 19. There is no teaching or suggestion that the z-
distances between the extruder and build platform would need to be changed or
controlled, much less to do so as part of machine shut down. Similarly, Calderon
simply “stops the build and alerts the user to clear the build envelope.” EX1009 at
10:43-45. Accordingly, there is no rationale for controlling the z-distance between
the dispensing head and platform, specifically, during a machine shut down.

278. Thus, Ground 2A (Calderon and RepRap20208) does not show that
claim 4 is obvious.

F. Claims 5 and 7

279. Claim 5 recites the “method of claim 2 further comprising comparing
the current contact force to an expected contact force” and claim 7 recites the
“method of claim 5 further comprising terminating the build when a difference
between the current contact force and the expected contact force indicates a
fabrication error.” See EX1001; supra Section II (“The Challenged Claims of the
’698 Patent”).

280. I understand Petitioner asserts that a POSITA would have introduced a
threshold force to compare to the current contact force to detect a collision. See

Petition at 65; EX1003, 99203-205. I also understand Petitioner asserts that the build
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is terminated when the difference between the current contact force and expected
contact force indicates a collision. See Petition at 65-66; EX1003, 44206-208.

281. However, Petitioner’s flawed conclusion ignores the teachings of the
references themselves. As I discussed above, there is no teaching of detecting a
current contact force in the combination. Supra Section IX.C (claim 1). For instance,
RepRap20208 says it watches “the change in bolt tension” for strain gauge. EX1010,
14; see also id. at 13, 19, 20. Calderon teaches that it determines contact by
“monitoring a change in the servo drive current.” EX1009, 9:63-10:8. Accordingly,
there is no teaching of comparing a current contact force to an expected contact
force, much less terminating the build when the difference indicates a fabrication
error or introducing an expected contact force that is not taught by the combination.

282. Thus, Ground 2A (Calderon and RepRap20208) does not show that
claims 5 and 7 are obvious.

G. Claim 10

283. Claim 10 recites the “method of claim 2 further comprising detecting a
planarity of the separate structure based upon a number of contact force
measurements across a surface of the separate structure.” See EX1001; supra Section
II (“The Challenged Claims of the 698 Patent”).

284. 1 understand Petitioner asserts that “[i]n Calderon’s Example 3,

Calderon describes ‘positioning the nozzle above pre-selected locations of the
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substrate’ so that ‘[c]ontact between the tip of nozzle and the substrate is monitored’
with a ‘sensing means’ at these ‘pre-selected locations.’” Petition at 68. On this
basis, [ understand Petitioner concludes that the combination includes ‘““a multi-point
calibration . . . based upon a number of contact force measurements across a surface
of the separate structure.” Petition at 68-69; EX1003, q9216-219.

285. However, in my view, Petitioner ignores the claim language itself and
Calderon’s teaching about Example 3, the very example that Petitioner relies upon
to support its conclusion. In Calderon’s Example 3, a “Find-Z program” is run. See
EX1009, 10:9. The program records the actual z-axis positions of the platform and
refers to the steps of the algorithm, as described by the prior examples, except that
“Steps (1) and (3) of the algorithm above can be skipped, however, as the recorded
z-positions in the present embodiment are the actual z-axis positions of the platform.
In other words, this approach eliminates the variables X and Y.” Id. at 10:11-15.
Thus, a POSITA would have understood that the steps for Example 3 are as follows:

“(2) Select the lowest of the actual z-axis positions.” (id. at 8:27); and

“(4) Add a constant value Z, representing the desired depth of the tip of nozzle

144 below the top surface of substrate 146, to the result of step (3), to arrive

at the z-start position.” (id. at 8:34-37).

286. Although Calderon discloses specific analysis to find a plane in

Example 2, that analysis requires variables X and Y, which are expressly eliminated
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in Example 3 (i.e., the example that Petitioner relies upon). See id. at 8:65-9:60
(Example 2), 9:62-10:22 (Example 3), 10:14-15 (“In other words, this approach [for
Example 3] eliminates the variables X and Y.”). Thus, a POSITA would have
understood that Calderon’s Example 3 finds a z-start position and does not detect
the planarity of the substrate. Accordingly , Petitioner has failed to show that the
combination teaches claim 10.

287. Thus, Ground 2A (Calderon and RepRap20208) does not show that
claim 10 is obvious.

H. Claim 12

288. Claim 12 recites the “method of claim 1, wherein the build instructions
include at least one instruction for achieving a specified contact force between the
fabrication tool and a separate structure, and wherein the control signal controls the
at least one component of the three-dimensional printer to achieve the specified
contact force.” See EX1001; supra Section II (“The Challenged Claims of the *698
Patent”).

289. I understand Petitioner asserts that a POSITA would have “known, or
found it obvious, to compare the current contact force . . . to a threshold indicative

bl

of, e.g., ‘when you run into something’” and “recognized that the Calderon-
RepRap20208 Combination provides at least one build instruction for achieving a

specified contact force (e.g., one that does not exceed the threshold) between the
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fabrication tool and the separate structure.” Petition at 69. Petitioner also points to
claims 5 and 7 to assert that the control signal achieves the specified contact force.
See Petition at 70.

290. However, the combination does not teach a specified contact force or
an instruction for achieving a specified contact force. Nothing in Calderon and
RepRap20208, whether considered alone or in combination, teaches a “specified
contact force.” Calderon teaches detecting contact by “monitoring a change in the
servo drive current.” EX1009, 10:5-8. Similarly, RepRap20208 teaches watching for
a “change in bolt tension when you run into something.” EX1010, 14. There is no
teaching of a specific contact force, much less an instruction for achieving a specific
contact force.

291. Further, as I explained above for claims 5 and 7, there is no teaching of
comparing a current contact force to an expected contact force. Supra Section IX.F
(claims 5 and 7).

292. Thus, Ground 2A (Calderon and RepRap20208) does not show that
claim 12 is obvious.

X.  GROUND 2B: CLAIM 11 WouLD NOT HAVE BEEN OBVIOUS OVER GROUND
2B (COMBINATION OF CALDERON AND REPRAP20208 WITH NAPADENSKY)

293. In Ground 2B of the Petition, Petitioner asserts that claim 11 is obvious
over Calderon, RepRap20208, and Napadensky. See Petition at 72-73 (Overview of

Napadensky); 73-74 (Asserted Motivation to Combine), 74 (claim 11).
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294. 1 have reviewed Petitioner’s challenges in Ground 2B, and it is my
opinion that Ground 2B fails to teach or suggest all elements of claim 11. I explain
my opinions below in detail.

A.  There is no motivation to combine Calderon and RepRap20208
with Napadensky (Ground 2B)

295. I understand that Petitioner asserts a motivation to combine Calderon
and RepRap20208 with Napadensky. See Petition at 73-74; EX1003, 49236-238. In
particular, Petitioner asserts that the leveling device in Napadensky reduces surface
irregularities that cause collisions and that would “adversely affect” model quality.
See id. (citing EX1005 (Napadensky), 18:25-47; EX1009 (Calderon), 2:63-3:1).

296. However, Petitioner’s conclusion ignores Calderon’s own teachings in
the combination. In particular, Calderon already discloses a solution to his concern
that “if the substrate is deformed [and] lacks a horizontal planar surface, the model
quality will be adversely affected.” EX1009, 2:63-3:1. In particular, Calderon
therefore recognized there is “a need for a z-axis initialization routine that does not
require operator intervention or judgment” (id. at 3:1-3) and provides an
“autoinitialization method” that “will calculate the z-start position” (id. at 3:10-11).
Thus, a person of ordinary skill in the art would not have been motivated to pursue
using Napadensky’s leveling device and its operation when Calderon already
provides a solution that automatically calculates the z-start position to avoid

“adversely affect[ing]” model quality with a deformed substrate.
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297. Further, 1 disagree with Dr. Wolfe’s conclusion that Napadensky’s
leveling process with its leveling device is similar to the description of the 698
Patent. See EX1003, 964. The *698 Patent explains that “a layer may be fabricated
on the surface that mitigates one or more irregularities in the surface” responsive to
the contact force measurements “so that the resultant layer is effectively planar.”
EX1001 at 9:63-10-12; see also id. at 10:20-27 (describing result of leveling), Fig.
5. Thus, the leveling operation described by the 698 Patent changes the way the
layer is fabricated responsive to contact force measurements. See id. In contrast,
Napadensky’s leveling process with its leveling device is performed after a newly
formed layer is fabricated but prior to the formation of the successive layer. EX1005,

17:62-67, Fig. 1a (reproduced below).
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Accordingly, the proposed leveling operation in Napadensky is not similar to the

leveling operation described by the 698 Patent as it is performed after a new layer

1s formed. Thus, there is no motivation to combine in Ground 2B.

298. For these reasons alone, Ground 2B (Calderon, RepRap20208, and

Napadensky) does not show that claim 11 is obvious.
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B. Claim 11

299. Claim 11 recites the “method ofclaim 10 further comprising
fabricating a layer on the surface of the separate structure that decreases one or more
irregularities in the surface of the separate structure.” See EX1001; supra Section 11
(“The Challenged Claims of the 698 Patent”).

300. I understand Petitioner asserts that the Calderon-RepRap20208-
Napadensky combination teaches claim 11 because the leveling operation (from
Napadensky) decreases one or more irregularities in the surface of the separate
structure. See Petition at 74.

301. However, as I explained above, Napadensky’s leveling operation is
performed on a newly formed layer that has already been fabricated. EX1005, 17:62-
67, Fig. 1a; supra Section X.A. Napadensky’s leveling operation is not performed
to fabricate the layer itself, which is what the 698 Patent discloses. Thus, in the

combination, there is no teaching of fabricating a layer that decreases one or more

irregularities in the surface of the separate structure.
302. For this additional reason, Ground 2B (Calderon, RepRap20208, and

Napadensky) does not show that claim 11 is obvious.
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XI. CONCLUSION

303. For the reasons set forth above, it is my opinion that claims 1-15 of U.S.
Patent No. 9,168,698 would not have been obvious to a person of ordinary skill in
the art at the relevant time.

304. In signing this Declaration, I understand it will be filed as evidence in
a contested case before the Patent Trial and Appeal Board of the United States Patent
and Trademark Office. I understand I may be subject to cross-examination in this
case, and that any cross-examination will take place in the United States. If cross-
examination is required of me, I will appear for cross-examination within the United
States during the time allotted for cross-examination.

305. 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
further, that these statements were made with knowledge that willful false statements
and the like so made are punishable by fine or imprisonment, or both, under 18
U.S.C. § 1001.

306. I declare under penalty of perjury under the laws of the United State

that the forgoing is true and correct.
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Executed on this 30th day of January, 2026.

A

Dr. Tim A. Osswald
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191.Yuan, J., Guo, Q., Clark, S.J., Escano, L.I., Sabba, A., Qu, M., Huang, J., Li, Q., Roman, A.J., Oss-
wald, T.A., Fezzaa, K., Chen, L., “Revealing mechanisms of processing defect mitigation in laser
powder bed fusion via shaped beams using high-speed X-ray imaging, ” International Journal of Ma-
chine Tools and Manufacture, DOI: 10.1016/j.jmachtools.2024.1044232 (2024)
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192.Hidalgo, M.A., Correa-Aguirre, Roman, A.J., Vera, R., and Osswald, T.A., “Colombian natural fibers:
Potential applications in sustainable natural fiber reinforced composites materials,” Polym.Compos.,
DOI: 10.1002/pc.29313 (2024)

193.P. Hohoff, H.S. Perez, J.-J. Wiegand, A. Yanev, and T. Osswald, “Impact of fiber dispersion on fiber
breakage in simple shear flow of long fiber-reinforced thermoplastics,” Physics of Fluids, 36(12),
(2024)

194 Estela, J.E., Hohoff, P., and Osswald, T.A., “Processing behavior evolution of recycled polypropylene:
An integrated experimental and Computer-Aided engineering simulation study,” Physics of Fluids, 37
DOI: 10.1063/5.0260486, (2025)

195.Dibisa, O., Arroyave, H., Rodriguez, J.C., Romén, A.J.,and Osswald, T.A., “Comparative Rheology
and Microstructure Analysis of Natural Rubber Latex with Conventional and Eco-Friendly Preserva-
tives,” Physics of Fluids, 37 DOI: 10.1063/To be Published, (2025)

196.Dibisa, O., J.C., Romén, A.J.,Cabush, H., O’Brien, G., Kuang, X. and Osswald, T.A.,”Ammonia-Free
Natural Rubber Latex Photo-Resin for Sustainable 3D Printing of Highly Stretchable and Tough Elas-
tomers,” SPE-Polymers,1-16, DOI: 10.1002/pls2.70011 (2025)

197.Estela, J.E., Roman, A.J., and Osswald, T.A., “Correlating Processing Variables to Material Properties
in Recycled Polypropylene: A Data-Driven Approach,” SPE-Polymers,1-16, DOI: 10.1002/pls2.70012
(2025)

198.Restrepo-Zapata, N.C., Olaya-Munoz, D.A., Osswald, T.A., and Hernandez-Ortiz, J.P., “Optimizing
elastomeric foam extrusion with a chemo-rheologically informed multi-scale computational approach,”
Mechanics of Materials, 210, DOI: 10.1016/j.mechmat.2025.105453 (2025)

199.Estela-Garcia, J.E., Hohoff, P., and Osswald, T.A., “R. B. Bird International Polymer Colloquium spe-
cial collection,” Physics of Fluids 37, 090401, DOI: 10.1063/5.0288707 (2025)

200.Perez, H., Hohoff, P., Hiller, F., Yanev, A., and Osswald, T.A.,"Modeling Fiber Dispersion in a Single-
Screw Extruder for Long Fiber-Reinforced Thermoplastics,” Polymer Composites, DOI: 10.1002/
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1. Menges, G., W. Michaeli, M. Mahlke, T.A. Osswald, S. Ott, O. Specker, H.P. Thieltges, and U. Wdlfel,
"SpritzgieBen und Pressen Verstarkter Kunststoffe: Teil I-Simulation des Fertigungsprozesses und Ana-
lyze faserverstarkter KunststoffpreBteile (Injection and Compression Molding - Mold Filling)," Der Be-
triebsleiter, 8, 9-72, 1988.

2. Menges, G., W. Michaeli, M. Mahlke, T.A. Osswald, S. Ott, O. Specker, H.P. Thieltges, and U. Wélfel,
"SpritzgieBen und Pressen Verstarkter Kunststoffe: Teil Il - Orientierungs-berechnung in SpritzguBteilen
(Injection and Compression Molding - Fiber Orientation)," Der Betriebsleiter, 10, 46-49, 1988.

3. Menges, G., W. Michaeli, M. Mahlke, T.A. Osswald, S. Ott, O. Specker, H.P. Thieltges, and U. Wélfel,
"SpritzgieBen und Pressen Verstarkter Kunststoffe: Teil Il - PreBkraftbedarf und Zykluszeit beim
Pressen von SMC (Injection and Compression Molding - Closing Force and Cycle Time)," Der Betrieb-
sleiter, 11, 70-74, 1988.

4. Ralston, B., and Osswald, T.A., “The History of Tomorrow’s Materials: Protein-Based Biopolymers,”
Plastics Engineering, 64, 2, 46-47 (2007)
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5. Restrepo-Zapata, N.C., Osswald, T.A. “Termoplasticos Elastomeros: Antecedentes Histéricos,” Revista
SLTCaucho, Vol. 15, 12-13, (2016)

6. Restrepo-Zapata, N.C., Osswald, T.A. “Termoplasticos Elastébmeros: Lo Esencial,” Revista SLTCaucho,
Vol. 16, 18-20, (2016)

7. Goris, S. and Osswald, T.A., “Progress on the Characterization of the Process-Induced Fiber Mi-
crostructure of Long Glass Fiber-Reinforced Thermoplastics,” Plastics Engineering, 73, 21  48-49
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8. Kuhn, C., Kucinski, W., Taeger, O. and Osswald, T.A., “Lightweight Design with Long Fiber-Reinforced
Polymers - Technological Challenges Due to the Effect of Fiber Matrix Separation,” Plastics Engineer-
ing, 73,1, 36-40 (2017)

9. Restrepo-Zapata, N.C., Osswald, T.A., “Termoplasticos Elastdmeros: Anélisis de Mercado,” Revista
SLTCaucho, Vol. 17, 22-24, (2017)

10. Restrepo-Zapata, N.C., Osswald, T.A., “Clasificacion y Estructura de los TPEs,” Revista SLTCaucho,
Vol.18, 22-26 (2017)

11. Albrecht, K., Osswald, T.A., Baur, E., Magnani, M., and Mussig, J., “Injection Molded NFC - Simulation
vs Experiment” Bioplastics Magazine, 03/18, 13, 16-17 (2018)

12. Restrepo-Zapata, N.C., Osswald, T.A., Termoplésticos elastomeros: Andlisis de mercado, SLTCau-
cho, Vol. 17, 22-24, Febrero 14, 2017.

13. Restrepo-Zapata, N.C., Osswald, T.A., Clasificacién y estructura de los TPEs, SLTCaucho, Vol. 18,
22-26, Abril 14, 2017.

14. Restrepo-Zapata, N.C., Osswald, T.A., Termopléasticos Elastémeros: Copolimeros de bloques basa-
dos en estireno (TPE-S), SLTCaucho, SLTCaucho, Vol. 19, 20-24, Junio 14, 2017

15. Restrepo-Zapata, N.C., Osswald, T.A., Termoplasticos Elastébmeros Oleofinicos (TPE-O), SLTCaucho,
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18. Restrepo-Zapata, N.C., Osswald, T.A., Termoplésticos Elastomeros basados en poliésteres (TPE-E),
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19. Restrepo-Zapata, N.C., Osswald, T.A., Termoplasticos Elastobmeros basados en Poliamidas (TPE-A),
SLTCaucho, SLTCaucho, Vol. 24, 24-28, Abril 20, 2018

20. Restrepo-Zapata, N.C., Osswald, T.A., Termoplasticos Elastbmeros basados en siliconas, SLTCau-
cho, SLTCaucho, Vol. 25, 20-21, Junio 11, 2018

21. Restrepo-Zapata, N.C., Osswald, T.A., Termoplasticos Elastomeros basados en poliuretano (TPE-U),
SLTCaucho, SLTCaucho, Vol. 26, 18-21, Agosto 10, 2018
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22. Restrepo-Zapata, N.C., Osswald, T.A. Cauchos procesables en fundido: “Melt Processable Rubber”
(MPR). SLTCaucho, SLTCaucho, Vol. 27, 22-24, Octubre 12, 2018.
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Vol. 36, 16-17, Febrero 12, 2020
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chos, siliconas y TPEs) — Parte I. SLTCaucho, SLTCaucho, Vol. 37, 16-23, Abril 15, 2020
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chos, siliconas y TPEs) — Parte Il. SLTCaucho, SLTCaucho, Vol. 38, 14-21, Junio 10, 2020
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basados en &cido polilactico y polimentilo. SLTCaucho, SLTCaucho, Vol. 39, 16-19, Agosto 11, 2020
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18-23, Diciembre 10, 2020
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Combinacién con compuestos renovables y no renovables — Parte 1l. SLTCaucho, STLCaucho, Vol.
42, 28-30, Abril 14, 2021
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. Barone, M.R. and T.A. Osswald, "Boundary Element Solution of Field Problems," a chapter in Funda-
mentals of Computer Modeling for Polymer Processing, C.L. Tucker ed., Hanser Verlag, Minchen,
1989.

. Osswald, T.A. and J. Rietveld, “Measuring Constitutive Properties,” a chapter in Engineering Materials
Handbook: Adhesives and Sealants, ASM International, 1990.

. Osswald, T.A. and S.C. Tseng, “Compression Molding,” a chapter in Flow Phenomena in Polymeric
Composites, S.G. Advani ed., Elsevier Science Publishers, Amsterdam, 1994.

. Osswald, T.A., E.M. Sun, and S.C. Tseng, “Simulation of Orientation, Shrinkage and Warpage,” a
chapter in Innovation in Polymer Processing: Molding and Extrusion, J.F. Stevenson ed., Hanser Ver-
lag, Minchen, 1996.

. Osswald, T.A., and L.U. Stradins, “Compression Molding of Granulated Materials,” a chapter in Poly-
mer Powder Technology, M. Narkis and N. Rosenzweig eds., John Wiley and Sons, New York, 1995.

. Goris S., Puentes J., and Osswald T.A., Chapter 33: Polymer-Composites Manufacturing Processing.
In Geng, H., editor-in-chief ,”"Manufacturing Engineering Handbook”, McGraw-Hill, 2nd. edition, 2016.

. Osswald, T.A., Rodriguez, J.C., Adler, E.P., Estela Garcia, J.E., Pardo Morales, G. and Romén, A.J., “A
Novel Ammonia-Free Preservation and Stabilization Process for Natural Rubber Liquid Latex in an
Acidic Environment,” Latex Handbook, Chapter, TechnoBiz, 2024

. Osswald, T.A., Rodriguez, J.C., Adler, E.P., Arroyave, H.A., J.E., Dibisa, O., Pardo Morales, G., and
Romaén, A.J., “Applications of an Environmentally Friendly Natural Rubber Liquid Latex ,” Latex Hand-
book, Chapter, TechnoBiz, 2024
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Osswald, T.A., "An Automated Simulation of Compression Mold Filling for Complex Parts," SAMPE,
Detroit, December 1984.

. Osswald, T.A. and C.L. Tucker, "An Automated Simulation of Compression Mold Filling for Complex
Parts," SPE Tech Papers, 31, 169-172, Washington, D.C., May 1985.

. Osswald, T.A. and C.L. Tucker, "Processing of Short Fiber Composites," NSF-Manufacturing Research
Conference, Madison, WI, May 1985.

. Comer, J.J. and T.A. Osswald, "A Unique Strength of Materials Laboratory," ASEE Annual Conference
Proceedings, 1986.

. Tucker, C.L., T.A. Osswald and S.G. Advani, "Processing- Structure Predictions for Short Fiber Com-
posites," NSF Manufacturing Research Conference Proceedings, 1986.

. Osswald, T.A. and C.L. Tucker, "A Boundary Element Simulation of Compression Mold Filling," Polymer
Processing Society, 2nd Ann. Conference, Montreal, Canada, April 1986.

. Osswald, T.A. and C.L Tucker, "Compression Mold Filling Simulation for Non-planar Parts Using the
Finite Element/Control Volume Approach," Polymer Processing Society, 3rd Ann. Conference, Stutt-
gart, West Germany, April 1987.

Osswald, T.A., "Simulation der Werkzeugfilllung und Berechnungder Faserorientierung in SMC-
PreBbauteilen," IKV Fachbeiratsgruppe Verstédrken, Aachen, Germany, 1988.
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9. Osswald, T.A.,"SpritzgieBen und Pressen verstérkter Kunststoffe," IKV Kuststofftechnisches Kolloqui-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

um, 14, 333-364, Aachen, Germany, March 1988.
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Osswald, T.A., “Measurement, Analysis and Simulation of the Nonisothermal, Non-Newtonian Flow of
Sheet Molding Compound,” Polymer Processing Society, 6th Annual Meeting, Nice, France, April
1990.

Osswald, T.A., “A Review of Boundary Element Simulation of Compression Mold filling,” Proceedings
of the 5th International Conference on Boundary Element Technology, 277-293, Newark, DE, July
1990.

Osswald, T.A., “Analysis and Simulation of the Nonisothermal, Non-Newtonian Flow of Sheet Molding
Compound,” 62nd Annual Meeting of the Society of Rheology, 18, Santa Fe, October 1990.

Osswald, T.A., “A Study of the Thermomechanical Behavior of Fiber Reinforced Composites,” ASME:
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posite Parts,” Polymer Processing Society, 7th Ann. Conference, Hamilton, Canada, April, 1991.
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procity Boundary Integral Method," Polymer Processing Society, 12h Annual Meeting, Sorrento, ltaly,
June 1996.

Davis, B.A., P.J. Gramann, W.F. Florez, R.P. Theriault and T.A. Osswald, "Investigation of Non-Linear
Flows in Polymer Mixing Using the Boundary Integral Method," 18th International Conference on
Boundary Elements, Braga, Portugal, September, 1996.

Theriault, R.P., P.J. Gramann, and T.A. Osswald, "Modeling of Extrusion Processes Using Boundary
Integral Methods," AICHE Annual Meeting, Chicago, November, 1996.

Christensen, S.K, B.A. Davis, R.P. Theriault and T.A. Osswald, "Thermomechanical Behavior of SMC
Parts with Integrated Ribs," ICE 97, Nashville, January, 1997.

Christensen, S.K., B.A. Davis, B. Hutchinson, E.M. Sun, and T.A. Osswald, "Fiber Matrix Separation
in Ribbed SMC and BMC Parts," SPE Technical Conference, Toronto, April 1997.

R.P. Theriault, L.U. Stradins, and T.A. Osswald, "Properties of Thermosetting Polymers During Cure,"
SPE Technical Conference, Toronto, April 1997.

Gramann, P.J., M.P. Noriega, A.C. Rios, and T.A. Osswald, "Understanding a Rhomboidal Distributive
Mixing Head Using Computer Modeling and Flow Visualization Techniques, SPE Technical Confer-
ence, Toronto, April 1997.

Rauwendaal, C., T.A. Osswald, P.J. Gramann, and B.A. Davis, “A New Dispersive Mixer for Single
Screw Extruders,” , SPE Technical Conference, Atlanta, April, 1998.

Rios, A.C., and T.A. Osswald, Comparitive Study of Rhomboidal Distributive Mixing Sections Using
Computer Simulation, SPE Technical Conference, Atlanta, April, 1998.

Noriega, M.P., A.C. Rios, and T.A. Osswald, An Experimental Study of Variuos Mixing Sections in a
Single Screw Extruders, SPE Technical Conference, Atlanta, April, 1998.

Theriault, R., and T.A. Osswald, Process Modeling of Copper Clad Laminates, SPE Technical Confer-
ence, Atlanta, April, 1998.

Rios, A.C, and T.A. Osswald, Novel BEM Simulation of Mixing in Polymer Flows Including Non-Linear
Effects, SPE Technical Conference, New York, April, 1999.

Rauwendaal, C, A.C. Rios, T.A. Osswald, and P.J. Gramann, “Experimental Study of a New Disper-
sive Mixer,” SPE Technical Conference, New York, May, 1999.

Viego, J., R. Theriault and T.A. Osswald, "3D Curing Simulation of Thick Thermoset Composites,"
SPE Technical Conference, Orlando, April, 2000.

Schemenauer, J.J., T.A. Osswald, A.R. Sanadi and D.F Caufield, "Melt Rheological Properties of Nat-
ural Fiber-Reinforced Polypropylene," SPE Technical Conference, Orlando, May, 2000.

Sierra, J.D., S. Ospina, N. Montoya, M.P. Noriega and T.A. Osswald, "Characterization of Poly-
ethylene Blends by Using Novel Techniques such as the Successive Self-Nucleation and Annealing
(SSA) and the Fourier Self-Convolution IR Spectroscopy (FSD-IR)," SPE Technical Conference, Or-
lando, May, 2000.
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Yuan, M., T.A. Osswald, J.M. Castro, L.J. Lee, “Numerical Investigation of the continuous Electronic
Laminate Processing,” SPE Technical Conference, Dallas, May 2001.

Wacker, M., G.W. Ehrenstein, T. Osswald, “Das TTT-Diagramm zur Charakterisierung des Har-
tungsverlaufes von Harzsystemen,” GEFTA, Thermische Analysenmethoden in der Materialwis-
senschaft - Anwendungen in Fahrzeugbau und Luftfahrtindustrie, Munich (2001)

S. Hadiprajitno, J.P. Hernandez and T.A. Osswald, "Developing Time-Temperature-Transformation
Diagrams for Unsaturated Polyester using DSC Data," SPE Technical Conference, Nashville, May,
2003.

P.A. Wilichowski, L.M. Lopez and T.A. Osswald, "Numerical Simulation of the Curing Reaction during
Pultrusion Processes with a Diffusion Controlled Model," SPE Technical Conference, Nashville, May,
2003.

J.P. Hernandez, K.A Tschohl, H. Wagner and T.A. Osswald, "A Novel Fiber Orientation Evaluation Us-
ing a Directional Imagine Processing Technique,"SPE Technical Conference, Nashville, May, 2003.

J.P. Hernandez, A. Chandra, A. Winardi, L-S Turng, T.A. Osswald and P. Gramann, "Modeling Cell
Nucleation During Microcellular Injection Molding," SPE Annual Technical Conference, Nashville,
May, 2003

Osswald, T.A., “Compression Molding - The Past, the Present and the Future,” Keynote Lecture,
Composites Division, SPE Technical Conference, Nashville, May 2003.

Osswald, T.A., “Compression Molding - Large Composite Structures,” Conference on Large Surface
Parts, Neue Materialien Furth, Furth, Germany, October, 2003.

Osswald, T.A., “Thermoset Processing - History, Present and Future,” Keynote Lecture, Thermoset
Division Conference, SPE, March (2004)

Ralston, B.E. and T.A. Osswald, Society of Plastics Engineers 62nd Annual Technical Conference
(ANTEC), May 16-20, 3766-3770 (2004)

Garcia, S., Roldan, A., Hernandez, J.P., Osswald T.A. “Dimensional Analysis and Scaling Approach for
Thin Wall Injection Molding”, Society of Plastics Engineers (ANTEC), May 16—20, 3418-3422 (2004)

Ralston, B.E., T.A. Osswald, C. Clemons, D. Caulfield and M. Schmitz. "Natural Fibers, Bioplastics
and Biodegradable Composites." Presented at N-Fiberbase Conference, Koeln, Germany, June
9-10, (2004)

Osswald, T.A., “Controlling and Modeling Cure Reactions for Thermosetting Materials,” 50th Annual
Thermosetting Conference, October 14-15, (2004)

Osswald, T., and Dattner, M., “Processing Solutions and Market Applications for Mixed ABS”, E-
Scrap, 2004, Minneapolis, USA, Oct. 19, 2004.

Ralston, B.E. and T.A. Osswald, Society of Plastics Engineers Global Plastics Environmental Confer-
ence (GPEC), February 23-25, (2005)

Osswald, T., and Dattner, M., “Processability and Properties of Plastics Recovered from Retired Elec-
tronic Housings,” Society of Plastics Engineers 62nd Annual Technical Conference (ANTEC), Boston,
(2005)
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Roldan, A., Chesler, N., Bustamante, J., Osswald T.A., “Simulation Of Blood Flow And Deformations
Of Mechanical Heart Valves Using Boundary Integral Techniques,” XXth Congress of the International
Society of Biomechanics August 1-5, (2005)

Dattner, M., Salguero, J., Schneider, D. and Osswald T.A., “Recycled Electronic Housings Mixed ABS
Material and Flame Retardant Identification Using Near-IR and Mechanical Testing,” Society of Plas-
tics Engineers, GPEC, Atlanta, (2006)

Ralston, B.E., Wochner, E., and Osswald,T.A., “Effects of crosslinkers, glycerol, and processing tem-
perature on properties of soy protein based plastics,” Society of Plastics Engineers, GPEC, Atlanta,
(2006)

Newman, N., Hertel, R., and Osswald, T.A., “Health and Environmental Effects of the Production, Use,
and Disposal of Polyvinyl-chloride,” Society of Plastics Engineers, GPEC, Atlanta, (2006)

Ralston, B.E., and Osswald, T.A., “Viscosity of Soy Protein Plastics as Determined by Screw-Extru-
sion Through a Capillary Die,” Society of Plastics Engineers 63nd Annual Technical Conference (AN-
TEC), Charlotte, (2006)

Cruz, J.C., Kemper, M., and Osswald, T.A., “Monitoring UP Curing Reactions by Raman Spec-
troscopy,” Proceedings of the Society of Plastics Engineers 63nd Annual Technical Conference (AN-
TEC), Charlotte, (2006)

Klaiber, F., and Osswald, T.A. “Development of a High Pressure Slit Rheometer,” Society of Plastics
Engineers 63nd Annual Technical Conference (ANTEC), Charlotte, (2006)

Roldan, A., Sweitzer, N, Chesler, N. and Osswald, T.A, Simulation of Blood Flow Through a Bi-leaflet
Mechanical Heart Valve Using the Boundary Elements Method. BMES - 2006. Chicago, IL

Osswald, T.A., and E. Camacho, “A Study of Injection Molded Liquid Silicone Rubber for Syringe Ap-
plications,” PHARMAPAK, Paris, (2007).

Osswald, T.A., Keynote Lecture: A Historical Perspective on Thermosets - The First 100 Years, SPE
Thermosets TOPCON, Rayleigh, March (2007)

Osswald, T.A., Keynote Lecture: A Historical Perspective on Thermosets - The First 100 Years, SPE
ANTEC, Cincinnati, May (2007)

Londono, A., and Osswald, T.A., “Fiber Jamming and Fiber Matrix Separation During Processing of
Fiber Reinforced Composites,” SPE ANTEC, Cincinnati, May (2007)

Lépez, I.D., Klaiber, F., and Osswald, T.A., “Analysis of Viscous Heating Effects in a Presure Slit
Rheometer Using the Radial Functions Method (RFM),” SPE ANTEC, Cincinnati, May (2007)

Cruz, J.C., Kemper, M., and Osswald, T.A., “Monitoring Curing Reactions of Thermosets Under High
Pressure by Use of Raman Spectroscopy,” SPE ANTEC, Cincinnati, May (2007)

100 Roldan, A., Wentland, A., Weiben, O., Block, W. F.,, Klaers, J. L., Haughton, V., Osswald, T.A. “Nu-

merical Modeling of CSF Flow in Patient - Specific Anatomical Models. 2007 Scientific meeting pro-
ceedings Annual meeting (ISMRM - ESMRMB 2007) Berlin, Germany, May (2007)

101 Roldan, A., Wentland, A., Weiben, O., Haughton, V., Osswald, T.A. “Cerebrospinal Fluid Flow in the

Chiari | Malformation Modeled with Computational Flow Dynamics”. ASNR 45th Annual Meeting,
Chicago, IL, June (2007).
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102 Roldéan, A., Sweitzer, N.K., Osswald, T.A., Chesler, N.C. “Numerical simulation of blood flow through
mechanical heart valves using meshless techniques”. Proceedings of the ASME 2007 Summer Bio-
engineering Conference (SBC 2007) Keystone, CO, June (2007)

103 Roldan, A., Wentland, A., Weiben, O., Haughton, V., Osswald, T.A., Chesler, N.C. “CFD Modeling for
Patient-specific Analysis of Cerebrospinal Fluid Flow” . Proceedings of the ASME 2007 Summer Bio-
engineering Conference (SBC 2007) Keystone, CO, June (2007)

104 Roldan, A., Chesler, N.C., Osswald, T.A., Sweitzer, N.K. Simulation of blood flow through mechanical
heart valves using a Meshless Technique, AHA Scientific Sessions 2007, Orlando, FL, November
(2007)

105 Osswald, T.A., Plenary Lecture: A Historical Perspective on Thermosets - The First 100 Years,
Thermosets 53, Madison, October (2007)

106 Osswald, T.A., Invited Talk: “Simulation in der Kunststoffverarbeitung,” Proceedings of Fachtagung
Montagesperitzgiessen, Firth, Germany, November (2007)

107 Hoffman, S., Lopez, I.D., Bednar, A., and Osswald, T.A., “Filling Simulation and Temperature Predic-
tion in Hot Runner Systems,” SPE ANTEC, Milwaukee, May (2008)

108 Cruz, J.C., Esch, S.K.., Emmons, A., and Osswald, T.A., “Pressure Effects on Final Mechanical Prop-
erties of Unsaturated Polyester Resin,” SPE ANTEC, Milwaukee, May (2008)

109 Ralston, B.E., and Osswald, T.A., “Mechanical Properties and Moisture Sensitivity of Virgin and Re-
cycled Soy-Cornstarch Plastics,” SPE ANTEC, Milwaukee, May (2008)

110 Orozco, R., Lépez, I.D., Rowlands, R. and Osswald, T.A., “Stress Analysis of an Orthotropic Plate
Joint By RFM,” SPE ANTEC, Milwaukee, May (2008)

111 Londono-Hurtado, A. and Osswald, T.A. (2008), “Computer Prediction of the Behavior of Fiber-Rein-
forced Composites During Molding,” SPE Automotive Composites Conference, Dearborn, Michigan,
September 16-18, (2008)

112 Roldan, A., Osswald, T.A., Haughton, V. “CSF flow in the Chiari | malformation modeled with compu-
tational fluid dynamics,”. Syringomyelia 2007, Rugby England Oct 24, (2007)

113 Roldéan, A., Haughton, V., Osswald, T.A., Chesler, N., “Cerebrospinal Fluid Flow in the Chiari | Mal-
formation — Computational Approach using MR-Based Geometries,” Fifth International Bio-Fluid
Symposium and Workshop. Pasadena, CA. February (2008)

114 Roldéan, A., Haughton, V., Osswald, T.A., Chesler, N., “Cause of Hyperkinetic CSF flow in Chiari | Mal-
formation: Effect of Subarachnoid Space Dimensions on CSF Flow through the Foramen Magnum,”.
ASNR 46th Annual Meeting & NER Foundation Symposium 2008. New Orleans, LA. May/June (2008)

115 Roldéan, A., Haughton, V., Osswald, T.A., Chesler, N., “Computational Analysis of Cerebrospinal Fluid
Flow in the Normal and Obstructed Suabrachnoid Space,” Proceedings of the ASME 2007, Summer
Bioengineering Conference (SBC 2008) Marco Island, FL, June 24-29, (2008)

116 Roldan, A., Sweitzer, N.K., Osswald, T.A., Chesler, N.C. “Fluid Structure Interaction Analysis of Blood
Flow Thorugh Mechanical Heart Valves,” Proceedings of the ASME 2007 Summer Bioengineering
Conference (SBC 2008) Marco Island, FL, June 24-29, (2008)

STRATASYS, INC. EXHIBIT 2027
IPR2025-00531, Page 154



Professor Tim A. Osswald

117 Rietzel, D., F. Kihnlein, B. Wendel, R. Feulner, G. Hulder, and T.A. Osswald, Enhanced Range of
Plastics for Selective Laser Sintering, Serving Different User Profiles and also Consumer and Industry
Requests." Euro-uRapid2008 Proceedings, Berlin, 209-216 (2008)

118 Osswald, T.A., “Simulation der Verarbeitung von Kurzfaserverbund-Kunststoffe,” 10. Symposium und
Jubildumsfeierlichkeiten, Clausthal, Germany, November 3, (2008)

119 Londono-Hurtado, A., Marks, L., Ziegmann, G. and Osswald, T.A.,”Knitline Development in the Com-
pression Molding of Sheet Molding Compound,” SPE ANTEC (2009)

120 Orozco, R., Lopez, I., and Osswald, T.A.,”Stress Analysis of Pin-Joined Composite Laminate Plates
Using Radial Basis Functions Method with Non-Linear Material Models,” SPE ANTEC (2009)

121 Petzold, S., Khazaal, A., Grant, J., Wang, C., and Osswald, T.A.,”Design and Manufacturing Organic
Conjugated Polymer Photovoltaoc Solar Cells,” SPE ANTEC (2009)

122 T.Muller, Kihnert, I., and Osswald, T.A., “Injection Molding of High-Performance Hybrid Composites
in Series-Production,” SPE ANTEC (2009)

123 I.D. Lopez, L. Holmes and T. Osswald, “Simulation of Extrusion Processes Using the Radial Function
Method (RFM) Considering Shear Thinning and Viscoelastic Effects” In review, SPE ANTEC (2009)

124 A. Jungmeier, Kuhnert , |., Ehrenstein, G., and Osswald, T.A., “Process Induced Properties of Micro
Injection Molded Parts - New Aspects” SPE ANTEC (2009)

125 C. Heinle, Z. Brocka, G. Hilder, G. W. Ehrenstein and T. A. Osswald., “Thermal Conductivity of Poly-
mers Filled with Non-Isometric Fillers: A Process Dependent, Aisotropic Property” SPE ANTEC (2009)

126 G. Hulder, and T.A Osswald, “Cure Kinetics of Thermoset Based Mortars for Bonded Anchors in Civil
Engineering” SPE ANTEC (2009)

127 M.O. Kobes, R. Feulner, S. Krippner, G. Hilder, T.A. Osswald, “The Accoustic Behavior of Thermo-
plastic Tribological pairings,” SPE ANTEC (2009)

128 T.Tsigkopoulos, R. Feulner, G. Hulder, and T. A. Osswald, “Analysis and development of fiber length
maintaining and load case optimized LFT processes by means of an innovative experimental frame-
work,”(23) 421-428, SAMPE EUROPE (2009)

129 T. Mdller, I. Kihnert, G. Hilder, and T. A. Osswald, “In-Mould-Forming as a Novel Injection Moulding
Process to Manufacture High-Performance Hybrid Composites,”, SAMPE EUROPE (2009)

130 F. Kihnlein, D. Rietzel, R. Feulner, T.A. Osswald, "Selektives Maskensintern - Hohe Effizienz durch
breitbandigen, flachigen Energieeintrag." Proceedings Rapid.Tech. (2009)

131 Calcagno B.O., Rinaldi C., Osswald T.A., Crone W.C., “Fracture induced by cold rolling in metal/
polymer composites. Society for Experimental Mechanics” - SEM Annual conference and Exposition
on Experimental and Applied Mechanics, v 4, p 2357, (2009)

132 S. Eilbracht, and T.A. Osswald, “Analyzing Fiber Matrix Separation and Fiber Orientation During Pro-
cessing of Fiber Reinforced Composites Using a Mechanistic Model.” SPE ANTEC (2010)

133 J. Ufer, Londofio, A., Eilbracht, S., and T.A. Osswald, “Experimental Study of Fiber-Matrix Separation,
Fiber Density Distribution and Fiber Orientation in Fiber Suspensions.” SPE ANTEC (2010)
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134 Holmes, L., I. Lopez, and T.A. Osswald, “Prediction of Secondary Flows in non-Circular Ducts Using
the Radial Functions Method.” SPE ANTEC (2010)

135 Holmes, L., Favaro, J. and T.A. Osswald, “Modeling Three-Dimensional Secondary Flows in Non-Cir-
cular Ducts.” SPE ANTEC (2010)

136 Aquite, W., Lopez, I., and T.A. Osswald, “A Dimensional Analysis of Viscous Heating in Runner Sys-
tems Using the Radial Functions Method” SPE ANTEC (2010)

137 Sanchez, K., Cruz, J., and T.A. Osswald, “Improvement of Mechanical Properties of Wood-Resin
Composite Using a Continuous Impregnation Machine” SPE ANTEC (2010)

138 Petzold, S., Wang, C., and T.A. Osswald, “Conjugated Polymer Photovoltaic Solar Cells -- Manufac-
turing and Increasing Performance.” SPE ANTEC (2010)

139 Loépez, |., Ramirez, D., Kurth, K., Rudolph, N., and T.A. Osswald, “Fiber Motion in Fountain Flow and
its relation to fiber free regions at the surface of Injection Molded Parts.” SPE ANTEC (2011)

140 Naranjo, A., Noriega, M., and T.A. Osswald, “Comparison of the Melting Behavior of HDPE and PP in
Single Screw Extruders.” SPE ANTEC (2011)

141 Aquite, W., Launhardt, M., Rudolph, N., and T.A. Osswald, “Manufacturing of Micropellets Using
Rayleigh Disturbances.” SPE ANTEC (2011)

142 Engerer, M., Aquite, W., Launhardt, M., Rudolph, N., and T.A. Osswald, “Simulation of Micropelletiz-
ing Mechanisms.” SPE ANTEC (2011)

143 Pichl, Rudolph, N., and T.A. Osswald, “Effects of Temperature and Pressure on Viscosity During In-
jection Molding.” SPE ANTEC (2011)

144 Eisenhardt., Petzold, S., Wang. C., and T.A. Osswald, “Alternate Method in Polymer Friction Mea-
surement Using a Timoshenko/van Karman Devise.” SPE ANTEC (2011)

145 lland, T., Sanchez, K., Moreno, A., Chan, N., Garcia-Rodriguez, S., and T.A. Osswald, "Characteriza-
tion of Sintered PLA Scaffolds for Bone Tissue Engineering" SPE ANTEC (2011)

146 Restrepo-Zapata, N.C., Osswald, T.A., and Hernandez-Ortiz, J.P., "Cure kinetics of EPDM rubber and
aliphatic epoxy resin - Modeling and Analysis" SPE ANTEC (2011)

147 Osswald, T.A., “Simulation von Mischvorgdngen” (Simulating Mixing Processes), Simulation + Kunst-
stoffe, Munich, (2011)

148 Osswald, T.A., “Mechanistic Models for Fiber Flow, Fiber Orientation, Fiber Damage and Fiber Jam-
ming,” SPE TOPCON, Chicago, Best Paper Award (2011)

149 Rudolph, N., Osswald, T., "High Precision Plastic Parts for Optical Applications by Compression In-
duced Solidification (CIS)" 44th CIRP International Conference on Manufacturing Systems (2011)

150 Restrepo-Zapata, N.C., Osswald, T.A., and Hernadndez-Ortiz, J.P., "Modeling and analysis of aliphatic
epoxy resin with and without diffusion" SPE ANTEC (2012)

151 Aquite, W.M., and Osswald, T.A., “Notes on the Micropellitization of Polymer Resins” SPE ANTEC
(2012)
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152 Ramirez, D., Lopez, |., Estrada, O., and Osswald, T.A., "Simulation of the Fountain Flow Effect by
Means of the Radial Functions Method (RFM)" SPE ANTEC (2012)

153 Rojas G., A.F, Sanchez, K. y Osswald, T.A., “Reciclado de Polietileno de Alta Densidad de Diferente
Grado,” XXXl Convencion Panamericacna de Ingenierias, UPADI 2012 - La Habana, Cuba (2012)

154 Rojas G., A.F, Sanchez, K. y Osswald, T.A., “Degradacién y Estabilidad Térmica en el Reciclado de
Polietileno de Alta Densidad de Diferente Grado,” XXXIIl Convencién Panamericacna de Ingenierias,
UPADI 2012 - La Habana, Cuba (2012)

155 Puentes, J., Osswald, T.A., Schick, S., and Berg, J., “Optimizing Pipe Extrusion Dies Using CFD
Simulation,” SPE ANTEC (2013)

156 Aquite, W., Kelly, B., Burris, E., and Osswald, T.A., “A Dimensional Analysis of the Micropelletization
Process Using Rayleigh Disturbances,” SPE ANTEC (2013)

157 Lopez, L., Ramirez, D., and Osswald, T.A. "Fiber Attrition and Orientation Productions of a Fiber-
Filled Polymer Through a Gate: A Mechanistic Approach" SPE ANTEC (2013)

158 Pérez, C., Ropers, S., Ghandi, U., Madapati, R., and Osswald, T.A., "Fiber Length and Orientation
Distribution Measurement of a Charge for D-LFT Compression Molding" SPE ANTEC (2013)

159 Alshaya, A., Petzold, S., Eriten, M., and Osswald, T.A., “Friction Coefficient Measurements Using a
Timoshenko and Van Karman Device: Bulk Polymers,” SPE ANTEC (2013)

160 Cifuentes, S.C., Benavente, R., Osswald, T.A., and Gonzalez-Carrasco, J.L., “Processing and Char-
acterization of Novel Melt Injected PLDA/Mg Composites,” EUROMAT 2013, Sevilla (2013)

161 Perez, C., Goris, S., Osswald, T.A., “Study on the fiber properties of a LFT strand,” SPE Automotive
Composites Conference, Ann Arbor (2013)

162 Aquite, W., Schafer, C., Favero, J., Osswald, T.A., “Simulation of Micropelletization Mechanisms,”
PPS-29 29th International Conference of The Polymer Processing Society, Nuremberg (2013)

163 Lopez, L., Ramirez, D., Osswald, D., “Fiber attrition and orientation productions of a fiber filled poly-
mer through a gate - A mechanistic approach,” ICIPC Colloquium 2013 Proceedings, Medellin (2013).

164 Bechara, A., Ramirez, D., Onken, J., Pérez, C., Goris, S., Londofo, A., Osswald, T.A., “Models for the
Prediction of the Fiber Orientation and Fiber Length Distribution during Processing of Fiber-Filled Poly-
mers,” International ECEMP (European Centre for Emerging Materials and Processes) Colloquium, Dres-
den (2013).

165 N. El Barche, M. V. Candal, A. Yanev, and T. A. Osswald, “Experimental Study of Fiber Attrition Within
o Long Fiber Glass-Reinforced PP under Controlled Conditions,” ANTEC, Annual Technical Conference
Proceedings, Las Vegas, NV, 2014.

166 S. Goris, C. Perez, and T. A. Osswald, “Impact of Fiber Orientation Distribution within a D-LFT Strand
on Warpage of a Compression Molded Part,” ANTEC, Annual Technical Conference Proceedings, Las
Vegas, NV, 2014.
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167 C. Schéfer, W. Aquite, and T. Osswald, “Internal and free-surface viscoelastic flow simulations using
the Corotational Maxwell constitutive model,” ANTEC, Annual Technical Conference Proceedings, Best
Paper Award, Las Vegas, NV, 2014.

168 D. Ramirez, S. Goris, P. Schmitdke, E. Baur, and T. A. Osswald, “Mechanistic Model to Determine
Fiber Orientation Simulation Material Parameters,” ANTEC, Annual Technical Conference Proceedings,
Las Vegas, NV, 2014.

169 R. Monroy, M. Hinkamp, T. Pfeifer, J. Puentes, C. Perez, and T. A. Osswald, “Method to Characterize
Blowing Agent Concentration Effects during Polymer Processing,” ANTEC, Annual Technical Conference
Proceedings, Las Vegas, NV, 2014.

170 W. Aquite, N. Bentley, D. Gramley, N. Grundl, A. Horan, J. Kotes, S. Kumar, B. LaQua, L. lervolino, L.
Lopez, J. Mallek, M. McGuiness, J. Mueller, C. Perez, J. Puentes, M. Rademacher, D. Ramirez, R. Read-
er, C. Ritt, E. Ronning, J. Shafer, D. Tamilwanan, J. Thurner, B. Tobelmann, G. Yilmaz, and T. A. Osswald,
“Optimizing the Production of a Fiber Reinforced Composite Sailboat Via Vacuum Assisted Resin Infu-
sion,” ANTEC, Annual Technical Conference Proceedings, Las Vegas, NV, 2014.

171 J. Puentes, B. LaQua, L. lervolino, K. Dahl, M. Knott, and T. A. Osswald, “Review of Analytical Mod-
els of Anisotropy-Induce Spring Forward Effect Via FEA Simulation and Testing,” ANTEC, Annual Techni-
cal Conference Proceedings, Las Vegas, NV, 2014.

172 W. Aquite, J. Kettemann, A. Tapia, G. Yilmaz, and T. A. Osswald, “Property Development of Semi-
Crystalline Polymers in Sintering Processes,” ANTEC, Annual Technical Conference Proceedings, Las
Vegas, NV, 2014.

173 D. Ramirez, A. Bechara, J. Onken, and T. A. Osswald, “Study of the Fiber Motion in the Fountain
Flow Region,” ANTEC, Annual Technical Conference Proceedings, Las Vegas, NV, 2014.

174 H. Mazhar, J. Bollmann, E. Forti, A. Prager, T. A. Osswald, and D. Negrut, “Studying the Effect of
Powder Geometry on the Selective Laser Sintering Process,” ANTEC, Annual Technical Conference Pro-
ceedings, Las Vegas, NV, 2014.

175 J. Puentes, C. Aumnate, and T. A. Osswald, “Understanding PA11 Behavior Via Rheology and Model-
ing,” ANTEC, Annual Technical Conference Proceedings, Las Vegas, NV, 2014.

176 N. C. Restrepo-Zapata, J. P. Hernandez-Ortiz, and T. A. Osswald, “Modeling of OBSH Decomposition
Kinetics as Blowing Agent of Cellular EPDM Rubber,” \ ANTEC, Annual Technical Conference Proceed-
ings, Las Vegas, NV, 2014.

177 Osswald, T.A.; Goris, S., Pérez, C., and Ramirez, D., “Fiber Orientation and Warpage Prediction of D-
LFT/Thermoplastic-Fiber-Mat Hybrid Parts”, WAK Symposium — Hybrid Materials and Processes, Abstract
Proceedings, Karlsruhe, Germany, 2014.

178 O. Nifio, M.V. Candal y T.A. Osswald, “Reciclabilidad de PA12 en Sinterizado Laser Selectivo,” LXIV
Convencion Anual de AsoVAC, Caracas, Venezuela, 2014.
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179 Osswald,, T.A., Goris, S., Mabry, P., Pérez, C., and Ramirez, D., “Developments in D-LFT Compres-
sion Molding Technology for Automotive Applications - Modeling and Simulation,” PPS, 2014, Abstract
Proceedings, Tel-Aviv, Israel, 2014.

180 S. Ropers, P. Mabry, A. Mallach, and T. A. Osswald, “Draping Simulation of Thermoplastic Prepregs
with Special Focus on the Non-Linear Bending Stiffness,” ANTEC, Annual Technical Conference Proceed
ings, Orlando, FL, 2015.

181 S. Goris, C. Fontana, and T. A. Osswald, “Fiber Orientation Measurements Using a Novel Image Pro-
cessing Algorithm for Micro-Computed Tomography Scans,” ANTEC, Annual Technical Conference Pro-
ceedings, Orlando, FL, 2015.

182 M. A. Hidalgo, J. Mina, and T. A. Osswald, “Time Temperature Superposition Principle for Predicting
Long-Term Response of Fique-Fiber Reinforced Polyethylene- Aluminum
Composites,” ANTEC, Annual Technical Conference Proceedings, Orlando, FL, 2015.

183 N. P. Doll, A. J. Verdesca, E. Bast T. A. Osswald, and R. Kleiss, “Methodology for Quasi-Viscoelastic
Simulation of Polymer Gears Made from Peek Using ANSYS ®,” ANTEC, Annual Technical
Conference Proceedings, Orlando, FL, 2015.

184 S. Petzold, J. Smet, and T. A. Osswald, “Surface Quality of Parts Manufactured Using Selective
Laser Sintering,” ANTEC, Annual Technical Conference Proceedings, Orlando, FL, 2015.

185 C. J. Pérez, D. Ramirez, and T. A. Osswald, “’Mechanistic Model Simulation of a Compression Mold-
ing Process- Fiber Orientation and Fiber-Matrix Separation”,” ANTEC, Annual Technical Conference Pro-
ceedings, Orlando, FL, 2015.

186 N. C. Restrepo-Zapata, B. Eagleburger, T. Saari, J. P. Hernandez-Ortiz, and T. A. Osswald, “Analysis
of the Rheological Behavior of EPDM Rubber with Blowing Agent,” ANTEC, Annual Technical Confer-
ence Proceedings, Orlando, FL, 2015.

187 Osswald, T.A., “Reologia - Esa Gran Desconocida (Rhelogy - That Big Unknown),” CESDE - Inno-
vacion y Retos en la Industria del Plastico, Medellin, Colombia, August 2015.

188 Osswald, T.A., Goris, S., and Pérez, C.J., “The Use of a Direct Particle Simulation to Predict
Fiber Motion in Processing of Long Fiber-Rein- forced Thermoplastics,” Polymer Processing So-
ciety Meeting, Graz, Austria, September 2015.

189 S. Goris S., and Osswald, T.A., “Analyzing Fiber Orientation from Micro Computed-Tomography
Scans using a Novel Image Processing Algorithm”, Proceedings of the 15th Annual SPE Automotive
Composites Conference and Exhibition. Society of Plastic Engineers, Novi, Michigan, September 2015

190 A. Mallach, S. Ropers, F. Hliusler, M. Kardos, T. A. Osswald, M. Gude,, “Material Characterization and
Draping Simulation of Thermoplastic Prepregs: The Influence of Temperature,” Proceedings of the 15th
Annual SPE Automotive Composites Conference and Exhibition. Society of Plastic Engineers, Novi, Mi-
chigan, September 2015

191 Osswald, T.A., Restrepo-Zapata, N.C., Hopmann, C., and Bruns, P., “Vulcanization Effects on
Mechanical Behavior of Elastomers: Experimental Characterization and Modeling,” Latin Ameri-
can Rubber Technology Society (SLTC) Conference, Antigua, Guatemala, November 2015.
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192 Araujo Rivas, V., Osswald, T., and Candal, M.V., “Micropeletizacién de PEAD para la Fabri-
cacion de Peliculas Porosas y Piezas Plasticas,” XVI CVP, Cuman4, Venezuela, May 2016.

193 Duddleston, L., and Osswald, T.A., “Differential Scanning Calorimetry (DSC) Quantification of
Polyamide 12 (Nylon 12) Degradation during the Selective Laser Sintering (SLS) Process,” AN-
TEC, Annual Technical Conference Proceedings, Indianapolis, IN 2016.

194 Schéfer, C., and Osswald, T.A., “Micropelletiation and Their Application to Manufacturing
Porous Plastic Parts,” ANTEC, Annual Technical Conference Proceedings, Indianapolis, IN 2016.

195 Birill, A., and Osswald, T.A., “Viscoelastic Shear Analysis of Polymeric Foam Midsoles,” AN-
TEC, Annual Technical Conference Proceedings, Indianapolis, IN 2016.

196 Goris, S., and Osswald, T.A., “Analysis of the Process-Induced Microstructure in Injection
Molding of Long Glass Fiber-Reinforced Thermoplastics,” ANTEC, Annual Technical Conference
Proceedings, Indianapolis, IN 2016.

197 Goris, S., and Osswald, T.A., “Progress on the Characterization of the Process-Induced Fiber
Microstructure of Long Glass Fiber-Reinforced Thermoplastics,” Automotive Composites Confer-
ence and Expo (ACCE), (Best Paper Award)Detroit, Ml 2016

198 Kuhn, C., Kucinski, W., Taeger, O., and Osswald, T.A., “Lightweight Design with Long Fiber
Reinforced Polymers—Technological oulenges due to Effect of Fiber Matrix Separation,” Automo-
tive Composites Conference and Expo (ACCE) (Third Best Paper Award), Detroit, Ml 2016

199 Simon, S., Goris, S., Bechara, A., and Osswald, T.A.“Study on Fiber Attrition of Long Glass
Fiber-Reinforced Thermoplastics under Controlled Conditions in a Couette Flow,” Automotive
Composites Conference and Expo (ACCE), (Best Poster Award) Detroit, Ml 2016

200.Duddleston, L.J.D., Woznick, K., Koch, C., Mazzei Capote, G., Rudolph, N., and Osswald, T.A., “Ex-
trudate Mass Flow Rate Analysis in Fused Filament Fabrication (FFF): A Cursory Investigation of the Ef-
fects of Print Parameters,” ANTEC, Annual Technical Conference Proceedings, Anaheim, CA 2017

201.Schéfer, C., Bryant, J. S., Meyer, S. P. and Osswald, T., “Micropelletization of Virgin and Recycled
Thermoplastic Materials,” ANTEC, Annual Technical Conference Proceedings, Anaheim, CA 2017

202.Goris, S., Simon, S., Montoya, C., Bechara, A., Brands, D., Angel, Y., Candal, M.V., Osswald, T.A.,
“Experimental Study on Fiber Attrition of Long Glass Fiber-Reinforced Thermoplastics under Controlled
Conditions in a Couette Flow”, ANTEC, Annual Technical Conference Proceedings, Anaheim, CA 2017

203.Walter, I., Goris, S., Teuwsen, J., Tapia, A., Perez C., Osswald, T.A., “A Direct Particle Level Simula-
tion Coupled with The Folgar-Tucker RSC Model to Predict Fiber Orientation in Injection Molding of Long
Glass Fiber Reinforced Thermoplastics”, ANTEC, Annual Technical Conference Proceedings, Anaheim,
CA 2017
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204.Teuwsen, J., Goris, S., Osswald, T.A., “Impact of the Process-Induced Microstructure on the Mechan-
ical Performance of Injection Molded Long Glass Fiber Reinforced PP”, ANTEC, Annual Technical Con-
ference Proceedings, Anaheim, CA 2017

205.0bst, P., Launhardt, M., Drummer, D., Osswald, P.V., and Osswald, T.A., “Failure Criterion for SLS
Additive Manufactured Parts”, ANTEC, Annual Technical Conference Proceedings, Anaheim, CA 2017

206.Werner, S., Knoeppel, A., Goris, S., and Osswald, T.A., “Effect of Initial Fiber Length on Fiber Attrition
During Processing of Long Glass Fiber-Reinforced Polypropylene”, Automotive Composites Conference
and Expo (ACCE), (1st Place in Best Poster Award Competition) Detroit, MI 2017

207.Walter, I., Kuhn, C., and Osswald, T.A., “Investigation of Fiber-Matrix Separation in Rib Filling During
Compression Using a Direct Fiber Simulation”, Automotive Composites Conference and Expo (ACCE),
(3rd Place in Best Poster Award Competition) Detroit, MI 2017

208.0sswald, T.A., “Fused Filament Fabrication Melting Model,” RAPID 2018, Ft Worth, TX, April 25,
2018

209.Mazzei, G., and Osswald, T.A., “A Tensor Based Failure Criterion for Fused Filament Fabrication
Manufactured Parts,” RAPID 2018, Ft Worth, TX, April 25, 2018

210.lland, T., Rudolph, N., and Osswald, T.A., “Fused Filament Fabrication for Manufacturing of Air-Colled
Heat Exchangers,” RAPID 2018, Ft Worth, TX, April 25, 2018

211.Johnson, C., Herrera, R., Osswald, T.A. (2018). “Strength Analysis of Fused Filament Fabricated
Continuous Carbon Fiber Composite Test Samples,” SPE ANTEC, Orlando, 2018.

212.Colon, J., Heckner, T., Chrupala, A., Goris, S., Pollock, J., Osswald, T.A. (2018). “Observed Particle
Migration During Processing of Polypropylene with Glass Beads,” SPE ANTEC, Orlando, 2018.

213.Simon, S., Bechara, A., and Osswald, T.A., “Fiber Orientation Evolution in Injection Molded Parts,”
SPE Automotive Composites Conference and Expo, Detroit, MI, September 6, 2018 (Best Paper Award)

214.Redmann, A., and Osswald, T.A., “3D Printed B-Stage Epoxy for Composite Joining and Feature In-
tegration,” SPE Automotive Composites Conference and Expo, Detroit, Ml, September 6, 2018 (Second
Best Paper Award)

215.0sswald, T.A., “Procesamiento y Reologia de Polimeros,” IV Simposio de Materiales Poliméricos (4th
Symposium for Polymeric Materials) Cali, Colombia, September 13, 2018 (Plenary Lecture)

216.Mazzei Capote, G. A., Osswald T. A., “A novel failure criterion applied for Fused Filament Fabrication
parts”, AMUG, Chicago, IL, April 3rd, 2019

217.0sswald, T.A., “Hermann Mark — The Father of Polymer Science,” Plastics Heritage Congress - 2019,
2Lisbon, Portugal, 9-31 May, 2019.

218.0ehlmann, P., Redmann, A., and Osswald, T.A., “3D Printed Dual Cure Epoxy for Hybrid Composite
Structures,” SPE Automotive Composites Conference and Expo, Detroit, MI, September 6, 2019 (Second
Best Paper Award)
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219.Simon, S.A., Bechara, A.S., and Osswald, T.A., “Direct Fiber Model Validation: Orientation Evolution
in Simple Shear Flow,” SPE Automotive Composites Conference and Exhibition, Novi, MI, September 4,
2019 (Best Paper Award)

220.0sswald, T.A., Roman, A., and Travis, J.Z., “Andlisis estacional y caracterizacion de plantaciones de

caucho natural: Propiedades térmicas, mecénicas, quimicas y reldgicas de latices obtenidos,” (“Seasonal
Analysis and Characterization of Natural Rubber Plantations: Thermal, Mechanical, Chemical and Rheo-

logical Properties”) XV Jornadas Latinoamericanas de Tecnologia del Caucho, Querétaro, Mexico, 11-15

November, 2019 (Invited presentation)

COURSES DEVELOPED

ME 310 Manufacturing: Polymer Processing and Engineering

Introduction to all important aspects of polymer processing and engineering including polymeric materials,
material properties, design and manufacturing considerations, processing methods, part performance,
post-consumer recycling and upcycling, societal responsibilities and ethics, and various techniques for
modeling in materials processing like dimensional analysis, design of experiments, analytical solutions,
and computer simulation.

ME417 Transport Phenomena in Polymer Processing

A course that focuses on the application of transport phenomena principles to the processing of polymeric
materials. This course delves into the intricacies of heat transfer, fluid mechanics, and mass transfer as
they relate to the manufacturing of polymers.

ME418 Engineering Design with Polymers

A course intended to acquaint the student with a polymers' unique behavior and its relation to design,
covering molecular structure, basic properties, the relation between processing and properties of the final
part, mixing, anisotropy, and residual stresses during solidification.

ME514 Polymer Additive Manufacturing

A quantitative and qualitative study of additive manufacturing processes. Emphasis on proper additive
manufacturing technique selection for optimized final product design and properties, as well as
presentation of emerging additive manufacturing techniques.

ME 718 Modeling and Simulation Polymer Processing.

A course designed to acquaint the student with computer simulation technology used for the engineering
of polymer processes, such as compression molding, injection molding, extrusion, blow molding, and
many others.

PATENTS

1. US 5,971,603 Static Mixer Head

2. US 6,136,246 Screw extruder with improved dispersive mixing elements

3. US 7,314,363 Device to visualize in-line and quantify the polymer melting in
plasticating screw machines without significantly affecting its
thermal regime

4. US 9,321,207 Polymer Pelletization Via Melt Fracture
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5. US 9,205,590 Micropelletizer Using Rayleigh Disturbances

6. US 9,895,844 System for Use with Three Dimensional Printer and Method for
Using the Same (applied 2015, granted 2018)

7. WO2015126733 System for Use with Three Dimensional Printer and Method for Using the Same
8. US11,207,799 B2  Pelletization Gas Guide

9. United States Patent Application 20230339155, METHOD FOR SIMULATING A FIBER ORIENTATION
IN AN INJECTION-MOLDED PART MADE OF A FIBER-REINFORCED PLASTIC, AND DESIGN
METHOD FOR DESIGNING AN INJECTION-MOLDED PART MADE OF A FIBER-REINFORCED PLAS-
TIC

10. WO2023144631 Ammonia-Free Latex Compositions

11. US 11,911,949 Rotating Nozzle Structure and Method
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