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b. [1c] “said hopper having a Jower discharge and
convergent slope sheets giving onto said

dIiSChaTEE;” .ovvivricrrcce et 23
c. [1d] “said rail road car having a side sill and a

top chord; said first upstanding sidewall

extending from said side sill to said top chord;” ........... 26
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predominantly upwardly running sidewall
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said first truck Center; .....ooovevviiviiieieicceree e 31
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longitudinally inboard margin adjacent to said
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slope sheet; said shear plate having a
longitudinally outboard cross-wise running
margin traversing said draft sill longitudinally

outboard of said truck CEnter;” .....occovevirereorereriereriernns 38
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»

seen in a sectional view looking along the car.”..................... 77
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[1g] “said sidewall stiffener having a first
portion, said first portion being a lower portion
thereof, said first portion being mounted to
said first region of said first upstanding

said sidewall stiffener having a second portion, said

second portion being an upper portion thereof,

said second portion being mounted to said

second region of said first upstanding

SIAeWall;” ... 83

d. [1j] “said sidewall stiffener having web
continuity between said first and second
portions thereof.” ..o 86
F.  Ground 2b: Claims 2-14 — obviousness over Lindstrém in
view of Wong, and optionally the 1946 Cyclopedia. ..........cccueueenn.. 88
1. Independent Claim 2........ccocoooiriieieniniirnr e 88
a. [2f] “said first end section having a first draft
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said first draft sill, said first draft sill and said

main bolster intersecting at a first truck center,

said first truck being located centrally under

said first truck center; ......coovveeveeeecveeeceee e 88

[2h] “said first end section having a shear plate

mounted overtop of said first draft sill and said

main bolster; said shear plate having a

longitudinally inboard margin adjacent to said
longitudinally inboard end of said first end

slope sheet; said shear plate having a

longitudinally outboard cross-wise running

margin traversing said draft sill longitudinally

outboard of said truck center;” ........cccoeviiveciciiininiinnennn. 90
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d. [2j] said lower, longitudinally inboard end of
said first end slope sheet being reinforced by a
second cross-wise extending beam;........cccccceeevieiriennen. 97
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longitudinally oriented elephant ears extending
between said draft sill and said first end slope
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outboard margin thereof;” .......coceceivivieciinnniieieein 104
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sloped side sheets; and said first sloped side
sheet meets said first sidewall at said transition
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sill to said end top chord, said end post being
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I, Mehdi Ahmadian, Ph.D., declare as follows:

1.  Iam making this declaration at the request of FreightCar America, Inc.

(“FCA”). I have been retained by FCA as a technical expert in this matter,

2. I am being compensated for my work on this matter and I am being

reimbursed at cost for my expenses. My compensation in no way depends upon the

outcome of this proceeding. I do not own any stock in FCA and, to my knowledge,

I have no financial interest in FCA.

3.  In preparation for this declaration, I have considered the following
materials:
Exhibit No. | Description
1001 U.S. Patent No. 8,166,892 (“the 892 patent™)
1002 File History of the *892 patent
1004 Excerpts from 7946 Car Builders’ Cyclopedia, 17th ed. (1946
Cyclopedia™)
1005 U.S. Patent No. 1,321,928 (“Lindstrém”)
1006 U.S. Patent No. 4,941,411 (“Wong”)
1007 Excerpts from Lancashire & Yorkshire, Vol. 2, Noel Coates,
copyright 2006 (“Coates™)
1023 U.S. Patent No. 2,030,748 (“Gilpin™)
4. I have also relied on my education, training, and experience, and my

knowledge of pertinent literature in the field of the 892 patent.
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I. EXPERIENCE AND QUALIFICATIONS

5. My experience and qualifications are summarized in my curriculum
vitae, a copy of which is attached hereto as Appendix A.

6. I am currently employed as J. Bernard Jones Chair of Mechanical
Engineering at Virginia Polytechnic Institute and State University ("Virginia Tech").
I am also the Director of the Center for Vehicle Systems and Safety (CVeSS) and
the Railway Technologies Laboratory (RTL) at Virginia Tech. I am the founding
director of CVeSS, RTL, Virginia Institute for Performance Engineering and
Research (VIPER), and the Advanced Vehicle Dynamics Laboratory (AVDL).

7. I hold four degrees, three of which are in the field of Mechanical
Engineering. I obtained my Doctor of Philosophy degree in Mechanical Engineering
from the State University of New York at Buffalo in 1984. I obtained my Master of
Business Administration (MBA) from Pennsylvania State University — Behrend

College in 1994. 1 obtained my Master of Science (MS) in Mechanical Engineering
from the State University of New York at Buffalo in 1982. I obtained my Bachelor
of Science (BS) in Mechanical Engineering from the State University of New York
at Buffalo in 1980. I worked at General Electric Transportation Systems from 1993-
1995 before joining Virginia Tech as an assistant professor in 1995. Since joining

Virginia Tech, a substantial portion of my research has been directed to the railroad

FreightCar America, Ex. 1003
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industry and railroad systems. This research is evident in the hund;eds of
publications, books, book chapters, and presentations listed in my CV.

8. I have over 25 years of experience as an independent consultant on
matters related to product liability and patent litigation cases involving a broad
spectrum of passenger cars, commercial vehicles, and railway systems. I have also
assisted clients on issues related to vehicle dynamics and handling,
electromechanical systems, braking, rollover stability, and active safety systems. I
have broad technical experience in advanced vehicular systems for railway and
heavy vehicles, including railway control and safety systems.

9. I have authored more than 500 publications and hold 12 U.S. and
international patents. Additionally, I have edited eight technical volumes on various
engineering topics. I have served as Editor of the International Journal of Fehicle
System Dynamics (2008 to 2022) and Editor-in-chief of the Journal of Vibration and
Control (2014 to 2023). I have also served as the Editor-in-Chief of Shock and
Vibration (2011-2016), the Editor-in-Chief of Advances in Automotive Engineering
(2012-2014), and Editor for Smart Materials Research (2010-2014), Advances in
Mechanical Engineering (2008-2014), and Mechanical Engineering (2010-2014). 1
have also served as an Associate Editor for the ASME Journal of Vibration and
Acoustics (1989-1996), the AIAA Journal (2000-2008), and Shock and Vibration

(2003-2011). I have served on the editorial boards of Advances in Theoretical and

IPR2025-01046, 47 - National Steel Car Limited Exhibit 2057 FreightCar America, Ex. 1003
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Applied Mechanics (2012 to present), Nonlinear Analysis .a'nd Differential Equations
(2013 to present), and the Journal of Theoretical and Applied Vibration and
Acoustics (2018 to present).

10, I am a Fellow of the Society of Automotive Engineers (SAE
International) (2001 to present), a Fellow of the American Society of Mechanical
Engineers (“ASME”) (1984 to present), a Fellow of the International Society for
Condition Monitoring (“ISCM”) (2021 to present), a Fellow of the International
Institute of Acoustics and Vibration (“IIAV”) (2021 to present), and an Associate
Fellow of the American Institute for Aeronautics and Astronautics (“AIAA”) (1984
to present). I have also been a Member of the American Railway Engineering and
Maintenance-of-Way Association (“AREMA™) (2011 to present), American Society
of Education for Engineers (1984-2001), and Tau Beta Pi National Engineering
Honorary Society {1979 to present)

11. I have received several professional awards throughout my career,
including most recently being awarded the 2024 Society of Automotive Engineers
(SAE) Medal of Honor (the highest recognition of lifetime achievement, bestowed
on one SAE member per year) and the 2023 Virginia Tech Alumni Award for
Research Excellence (regarded as the most prestigious Virginia Tech award for
significant life-long research) for my research contributions.

12. I am an inventor on the following issued patents:

FreightCar America, Ex. 1003
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o Kinetic Energy-Harvesting Device for Powering and Charging
Railway and Other Applications, U.S. Patent 12,088,180,
September 10, 2024.

e Dual-action rotary dynamic load stabilization pneumatic valve
system, U.S. Patent 9,975,392, May 22, 2018.

e A Compact Lightweight Double-piston Magnetorheological (MR)
Damper with large adjustable dynamics force, Chinese Patent # ZL
201110420869.8, December 25, 2013,

¢ A Compact Lightweight Double-piston Magnetorheological (MR)
Damper, Chinese Patent # ZL. 201110418073.9, January 9, 2014.

¢ Doppler Sensor for the Derivation of Torsional Slip, Friction, and
Related Parameters, U.S. Patent 8,294,883, October 23, 2012.

o Doppler Sensor for the Derivation of Torsional Slip, Friction and
Related Parameters, U.S. Patent 7,705,972, April 27, 2010.

e No Jerk Semiactive Suspension System, U.S. Patent 6,115,658,
September 5, 2000.

e No Jerk Semi-active Skyhook Control Methods and Apparatus,
Canadian Patent Application, No. 09/225,147, December 17, 1999.

o Self-Steering Locomotive Truck, U.S. Patent 6,006,674, December
28, 1999,

o Self-Steering Locomotive Truck, U.S. Patent 5,746,135, May 5,
1998.

o Self-Steering Locomotive Truck, U.S. Patent 5,613,444, March 25,
1997.

e Electromagnetically Operated Pneumatic Valve Assembly for an
Electrical Contactor Actuator, U.S. Patent 5,409,036, April 25,
1995.

1. APPLICABLE LEGAL STANDARDS
13. I have been asked to provide my opinions related to whether claims of

U.S. Patent. No. 8,166,892 (“the *892 patent”) are anticipated and/or would have
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been obvious to a person of ordinary skill in the art at the time of the alleged
invention, in view of the prior art.

14. 1 am an engineer by training and profession. The opinions I am
expressing in this report involve the application of my training and technical
knowledge and experience to the evaluation of certain prior art with respect to the
892 patent.

15. Although I have been involved as a technical expert in patent matters
before, I am not an expert in patent law. Therefore, attorneys from Knobbe, Martens,
Olson & Bear have provided me with guidance as to the applicable patent law in this
matter. The paragraphs below express my understanding of how I must apply
current principles related to patent validity in my analysis.

16. It is my understanding that a claim is “anticipated” if a person of
ordinary skill in the art (POSITA), reading a prior art reference at the time of the
invention, would have understood the reference to disclose each limitation of the
claim.

17. It is my understanding that a claim is “obvious” if the claimed subject
matter as a whole would have been obvious to a person of ordinary skill in the art at
the time of the alleged invention. I understand that the following factors must be
evaluated to determine whether a claim would have been obvious: (i) the scope and

content of the prior art; (ii) the differences, if any, between each claim of the 892

FreightCar America, Ex. 1003
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patent and the prior art; (iii) the level of ordinary skill in the art at the time of the
claimed invention; and (iv) additional considerations, if any, that indicate that the
invention was obvious. I understand that these “additional considerations” are often
referred to as “secondary considerations” or “objective indicia” of non-obviousness.

18. I also understand that the frame of reference when evaluating
obviousness is what a hypothetical person of ordinary skill in the pertinent art would
have known at the time of the claimed invention. I understand that the hypothetical
person of ordinary skill is presumed to have knowledge of all pertinent prior art
references.

19. I understand that a prior art reference may be a pertinent prior art
reference (or “analogous art”) if (i) it is in the same field of endeavor as the patent,
or (ii) if it is pertinent to the problem that the inventors were trying to solve. I
understand that a reference is reasonably pertinent if it logically would have
commended itself to an inventor’s attention in considering the problem at hand. If
a reference relates to the same problem as the claimed invention, I understand that
supports use of the reference as prior art in an obviousness analysis.

20. It is my understanding that the law recognizes several rationales for
combining references or modifying a reference to show obviousness of claimed

subject matter. Some of these rationales include:
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e combining prior art elements according to known methods to yield
predictable results;

e simple substitution of one known element for another to obtain
predictable results;

e a predictable use of prior art elements according to their established
functions;

e using known techniques to improve similar devices (methods, or
products) in the same way;

e using a feature that was commonly used on similar devices and well-
known in the field;

¢ applying a known technique to a known device (method, or product)
ready for improvement to yield predictable results;

¢ choosing from a finite number of identified, predictable solutions, with
a reasonable expectation of success (in which case a claim would have
been obvious to try);

e known work in one field of endeavor 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

one of ordinary skill in the art; and
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e some teaching, suggestion, or motivation in the prior art that would
have led one of ordinary skill to modify the prior art reference or to
combine prior art reference teachings to arrive at the claimed invention.

21. T understand that a prior art reference may also suggest a combination
with another prior art reference or a modification in view of another reference. In
that case, even if the prior art reference does not explicitly or inherently disclose the
limitation, the motivation to modify the prior art reference to include the limitation
may exist within the prior art reference itself. Thus, the limitation would have been
obvious over that prior art reference alone.

22. Tunderstand that “secondary considerations™ must be considered as part
of the obviousness analysis when present. I further understand that the secondary
considerations may include: (1) a long-felt but unmet need in the prior art that was
satisfied by the claimed inv’ention; (2) the failure of others; (3) skepticism by experts;
(4) commercial success of a product covered by the patent; (5) unexpected results
achieved by the claimed invention; (6) industry praise of the claimed invention;
(7) deliberate copying of the invention; and (8) teaching away by others. I am not
aware of any evidence of secondary considerations that would suggest that the

claims of the 892 patent would have been nonobvious at the time of the claimed

invention.
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23. I understand that when assessing obviousness, using hindsight is
impermissible; that is, what is known today or what was learned from reading the
asserted patent should not be considered. The asserted patent should not be used as
a road map for selecting and combining items of prior art. Rather, oi)viousness must
be considered from the perspective of a person of ordinary skill at the time the
alleged invention was made. (See paragraph 26 for discussion of invention date.)

24. 1 also understand that an obviousness analysis must consider the
invention as a whole, as opposed to just a part or element of the invention. I
understand this “as a whole” assessment to require showing that one of ordinary skill
in the art at the time of invention, confronted by the same problems as the inventor
and with no knowledge of the claimed invention, would have selected the elements

from the prior art and combined them in the claimed manner.
III. THE ’892 PATENT

A. Overview of the 892 Patent

25. Each claim of the “’892 patent requires sidewall stiffeners with “web
continuity.” The *892 patent uses the term “web continuity” to refer to alignment in
a vertical plane. EX1001 at Fig. 2c & 15:44-46 (“Portions 104 and 106 are co-
planar, or substantially co-planar, such that stiffener 102 has web continuity through

member 94.” ). I discuss web continuity in greater detail below.

10
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EX1001 at Fig. 2c.

B.  Priority Date of the 892 Patent

26. The ’892 patent was filed as U.S. Application No. 12/559,065 on
September 14, 2009 and claims priority to Canadian Patent Application No.
2,678,605, also filed on September 14, 2009, as well as to Canadian Patent
Application No. 2,678,447, filed on September 11, 2009. EX1001 at cover; EX1002
at 120. I understand that the earliest claimed priority date of the 892 patent is
September 11, 2009, and I have been instructed to assume for the purposes of my

opinions that this is the invention date for the 892 patent.

11
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C. Prosecution History of the ’892 Patent
27. Based on my review of the file history for the 892 patent, I understand
that, on January 3, 2012, the Examiner allowed the pending claims and offered the
following Reasons for Allowance:
The following is an examiner’s statement of reasons for allowance: The
sidewall stiffener having web continuity between the first and second
portions along with the first portion of the sidewall stiffener being
laterally outboard of the first region and the second portion of the
sidewall stiffener being laterally inboard of the second region is seen as
an unobvious improvement over the art of record.
EX1002 at 416. I understand that the Examiner never discussed any prior art
reference during the prosecution of the 892 patent.
D. Level of Ordinary SKkill in the Art of the 892 Patent
28. It is my understanding that, when interpreting the claims of the 892
patent and evaluating whether a claim would have been obvious, I must do so based
on the perspective of a person of ordinary skill in the art at the time of invention
(POSITA). (See paragraph 26 for discussion of invention date.)
29. I understand that, in determining the level of ordinary skill in the art,
several factors are considered. Those factors may include: (i) the type of problems
encountered in the art; (ii) prior art solutions to those problems; (iii) the rapidity with

which innovations are made; (iv) the sophistication of the technology; and (v) the

educational level of active workers in the field. A person of ordinary skill in the art

12
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must have the capability of understanding the scientific and engineering principles
applicable to the pertinent art.

30. The claims of the *892 patent are directed to reinforcing and assuring
the structural integrity of the side wall of a railway hopper car. A person of ordinary
skill in the art to which the 892 patent pertains would have had at least a bachelor’s
degree in a discipline related to mechanical engineering, physics, structural design,
or an equivalent discipline, and at least two years of experience designing or
analyzing rail cars or similar vehicles. However, my opinions do not turn on this
specific definition of the level of ordinary skill. The claims would been obvious from
the perspective of a skilled artisan under any reasonable definition.

31. My opinions herein would remain the same even if the invention date,
field of endeavor, or level of ordinary skill were slightly different.

32. 1qualify as a POSTIA based on my education and experience described
herein and in my CV. Supra § 1. ; App’x A.

E. Claim Construction

33. It is my understanding that in determining whether a patent claim is
anticipated by or obvious in view of the prior art, the Patent and Trademark Office
construes the claim by giving the claim terms their plain and ordinary meaning, as
they would have been understood by a POSITA at the time of the invention in view

of the intrinsic record (patent claims, patent specification, and file history). 1
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understand that a patent and its prosecution history are considered “intrinsic
evidence” and are the most important sources for determining how a POSITA would
understand claim language. I also understand that an interpretation of a claim term
that prevents the claim from covering any embodiment in the patent is rarely, if ever,
correct.

34. In general, unless the intrinsic evidence indicates that the inventors
adopted a special definition of a claim term, I have interpreted each claim term in
accordance with its plain and ordinary meaning as it would have been understood by
a person of ordinary skill in the art at the time of the invention.

IV. CONCEPTS RELATED TO THE ’892 PATENT
A. Transmitting Loads Through Co-Planar Reinforcing Elements

35. The use of elements thg.t allow transferring loads and forces from one
part of a structure to another part is not novel. It has been practiced in various
embodiments for decades in various structures, including railcars, dating back to
before the priority dates of the subject patents.

36. Aligning those load-transferring elements, i.e., making them co-planar
in a plane through the axis of load transfer, offers benefits related to simplicity and
efficiency in design and analysis, particularly in situations where the structure is
two-dimensional or can be reasonably approximated as such. It also allows for a

more efficient transfer of forces without causing an out-of-plane bending.

14
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flanges, hems, flat elements, C-channels, L-brackets, or tubing to sheet metal parts
increases their resistance to deformation when subjected to pressures caused by
heavy loads. They do so by increasing the effective thickness of the sheet metal in
the direction for which bending is to be prevented.

C. Making Reinforcing Elements from Flat Bar Was Not Novel

39. It was known to a POSITA long before the priority date that elements
used for stiffening a sheet metal are often applied in the form of a rib made from flat
bar. Flat bars have superior weight efficiency and cost-effectiveness to resist
bending in the plane of the flat bar. A flat-bar rib, such as the one shown below,
resists bending deformation in direct proportion to its height, h. Flat bars used in
this fashion can be connected to supported material by separate L-brackets,
incorporated flanges, welding (as shown below), or through other means. The plane
(or “web”™) of such flat bars can also take any of a multitude of cross-sectional
shapes; for e);ample, as shown below, a flat bar can be in a trapezoid form.

40. The stiffening effect of flat-bar ribs was known to persons of ordinary
skill in the art long before the priority date. Equally known was the spacing of such
flat bars. It was known to a POSITA that flat-bar ribs are uniformly spaced along
the length of a structure, such as the sidewalls of a hopper railcar, to reduce warping
and offer deformation resistance when the hopper is loaded. This spacing can be

seen in the railcars discussed in the following section.

16
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B. Ground 1b: Claims 2—8 and 10-14 — obviousness over the 1946
Cyclopedia in view of Lindstrom, and optionally in view of Wong,

1.  Independent Claim 2

a. [2f] “said first end section having a first draft sill and a
main bolster extending cross-wise to said first draft sill, said
first draft sill and said main bolster intersecting at a first
truck center, said first truck being located centrally under
said first truck center;

51. A POSITA would understand what is meant by the claim terms
“bolster” and “draft sills.” These are standard features on rail cars, and have been
since long before the priority date in 2009. For example, the 1946 Cyclopedia
defines “bolster” as “a cross member on the underside of a car body and in the center
of a truck, through which the weight is transmitted.” EX1004 at 16. It also discloses
examples of bolsters, including by calling out the centerline of a bols£er (“€ of

Bolster”) in the following diagram:

31
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sections extending along and under its free edge and projecting slightly
on each end of the door. The ends of beams 55, 55 arc connected
through the medium of universally jointed links 56 to vokes 57, 57
pivotably mounted in crank frames 58, 58, which are preferably located
between the sills 1, 1, and at each end of the doors. That is to say, there
is a pair of links 56 at each end of the discharge doors, one end of
each of said links being connected to the end of its respective beam
55, the other end of each pair of links being brought together and
pivotally mounted in the yoke 57. Each of the crank frames which are
oppositely disposed consists of a pair of crank arms 59, 60 connected
together through the medium of a web 62. At the free ends of the crank
arm there is carried the crank pins 61 upon which the yokes 57 are
directly mounted. Each of the crank frames 58 is journaled, as later
described, in the draft sills 1, 1 in such a position that when the
discharge doors 48, 48 are closed, the links 56 and yoke 57 are on the
dead center of the crank frame 58, or slightly beyond the same toward
the sloping floor, so that the load on the doors tends to force the crank
frame in the closing direction and thus the doors are automatically
locked against opening from jars or shocks during transit. It will be
noted from the drawings that the crank frames 58 are oppositely
disposed so that through the medium of the yokes 57 and the links 56
they oppose each other, which arrangement is a further safeguard
against accidental opening of the doors during transit.

The arms 59 of the crank frames 58 are journaled on trunnions 63, while
the arms 60 are provided with trunnions 64 having cylindrical outer
bearing portions which are suitably journaled in bearing members 65
preferably integral with the members 52 secured between the sills 1, 1.
Each of these trunnions is provided with a squared inner end which fits
in a square perforation in the crank arm 60 and may form a member of
the safety clutch hereinafter referred to. Trunnions 63 are each provided
with a flange 66 which is preferably secured to the outer face of the sill
1.

For operating the crank frames 58, shafts 67 are provided which are
secured in the outer portions of the clutches hereinafter described by
any suitable means. The shafts 67 extend transversely from the clutches
to the side of the car, and are supported at their outer ends by suitable
bearings. Near the outer ends of the shafts 67, segments of gears are
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secured thereto, connected with rack operating mechanism hereinafter
described.

Safety clutches are introduced for the purpose of permitting the
dropping of the doors quickly without danger to the operator. The
clutch members 68 and the trunnions 64 are provided with projecting
lugs, such lugs being in the same rotary plane so that the lug in the
clutch member 68 when rotating will strike the lug on the trunnion
64 and transmit motion to such trunnion 64 and, conversely, either the
clutch member or the trunnion is capable of limited non-transmitting
movement relative to the other. These clutches are of the same general
character as described in United States Letters Patent Nos. 865,714,
865,920 and 865,921 granted to Charles A. Lindstrom. It will be noted
that the crank frames 58, in dropping the doors will make about one
half revolution, and this being the case, because of the interposition of
the clutches, such movement will not be transmitted to the shafts 67,
and hence will be independent of shafts 67 and the balance of the
mechanism. |

It is necessary that the two crank frames 58 operate simultaneously to
prevent undue, strain on either side of a door due to one crank frame
operating before the other, also that the two crank frames move away
from the end sloping floors when the doors are being opened and
toward the floors when the doors are being closed, which enables the
placing of the crank frames closer to the floors and also allows the use
of straight connections to the beams 55; further, as the load on the doors
is naturally great, on account of the size of the doors as well as the
nature of the lading, a power increasing mechanism is necessary. For
this purpose the two shafts 67 are operatively connected to a common
operating shaft 69, preferably extending transversely of the car and
journaled in bearings 70 and 71. The shaft 69 is connected to one of
the shafts 67 through the medium of a pinion 72 secured on the shaft
69, meshing with a segment gear 73 on the shaft 67, such segment
gear projecting upwardly between the side sill 2 and the member 11,
and shaft 69 being preferably located above the horizontal plane of the
upper surfaces of the side and draft sills. The operating shaft 69 is
connected with the other shaft 67 by means of a segment gear 74 on the
shaft 67, the pinion 72 on the shaft 69 and toothed racks 75 meshing
with and operatively connecting said segment gear 74 and pinion 72.
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The rack 75 comprises a member 76 which is preferably of I form
having toothed members 77 and 78 attached to its horizontally disposed
web in such position as to mesh with the pinion 72 and the segment
gear 74 respectively. The toothed member 78 is attached to the web of
the member 76 through the medium of bolts 79 which pass through
perforations in the member 78 and through slotted perforations 80 in
the member 76, such bolts being held in position by nuts or other
suitable means. To the member 76, intermediate the members 77 and
78, a bracket 81 is secured. Held within this bracket and extending
outwardly therefrom is a threaded member 82 which is adapted to pass
through a perforation in the lug 83 of the member 78. This member 82
is provided with nuts 84 and 85 which are adapted to engage the
opposite faces of the lug 83 and hold the member 78 in any desired
position. When for any reason it is desired to lengthen or shorten the
distance between the members 77 and 78 the nuts 84 and 85 are turned
to affect such adjustment.

The rack 75 is supported in operative position by means of brackets 86
and 70, projections being provided on the inner sides of the vertical
portion of the sides of the brackets, on which slide the side extensions
or flanges of the rack. The rack is retained in such a position, that the
teeth shall be in mesh with the teeth of the pinion 72 and segment gear
74, by means of rollers 87 which contact with the upper portions of the
rack, and which are held in such position by means of pins which are
passed through the upward extensions of the brackets 86 and 70.
Intermediate the brackets 86 and 70 the rack is retained in position by
a roller journaled between the lugs 28a which are preferably integral
with one of the members 28.

Id at 4:43-5:96. As shown in the figures above, Lindstrém’s door actuator is
mounted above the shear plate and is at least partially overhung by the end slope
sheet.

60. It would have been obvious to modify the 1946 Cyclopedia’s NSC ore
car to add a door opening mechanism like Lindstrém’s, including the door actuator.

A POSITA would have been motivated to make that modification. For example,
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Lindstrdm and the 1946 Cyclopedia are in the same field of hopper railcars. EX1004
at 294-95 (“ore car” with a hopper); EX1005 at 1:11-13 & Figs 1-2 (“dumping car”
with a hopper). That is the same field to which every claim of the *892 patent is
directed. EX1001, Cl. 1-2 preambles (each independent claim is directed to a “rail
road hopper car”). As another example, the NSC ore car has a configuration similar
to that of Lindstr6m’s car—for instance, both cars have similar views that disclose
similar arrangements of claimed features such as hoppers, trucks, lower discharge,
slope sheets, side sills, top chords, sidewalls, sidewall stiffeners with lower portions
outside the sidewall and upper portions inside the sidewall in web continuity.
Compbre, e.g., EX1004 at 294 with EX1005 Figs. 1, 2, 5. Further, the NSC ore car
would have required a door-opening mechanism; indeed, such mechanisms were
ubiquitous on bottom-discharge ore cars. Thus, a POSITA would have known that
some door opening mechanism is necessary for NSC’s ore car to function properly
and that the absence of a door-opening mechanism in the NSC car drawings indicates
that the particular mechanism is not critical and that any suitable mechanism would
work. Given that the two cars are similar in overall configuration, a POSITA would
have had a reasonable expectation of success in incorporating a door-opening

mechanism like Lindstrém’s in the NSC ore-car design.
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h. [2m] “said first end section being free of longitudinally
oriented elephant ears extending between said draft sill and
said first end slope sheet;”

61. The NSC ore car disclosed in the 1946 Cyclopedia does not have
elephant ears. The 892 patent states:

Car 20 has an end of car machinery space, indicated generally as 75,
that is bounded by shear plate 76 on the bottom, the sloped end wall
assembly 30 or 32 of the car on the top, main vertical central end post
80, and main side posts 82, 84 at the ends of main bolster 90. . ..

In existing cars, this space, 75, is often occupied or otherwise
obstructed by other primary structure, such as so-called “elephant ears™.
In this context, “elephant ears” are large, substantially triangular
planar plates, sometimes provided with central lightening holes, fhat
have one edge fixed along the junction of the center sill webs and the
center sill cover plate, and another edge welded to the end slope sheet.
The third edge is typically a free edge.

EX1001 at 14:38-63 (emphasis added). As shown in the figures below, the NSC ore
car does not have large triangular plates. Instead, the slope sheet is supported by
two crosswise beams (one near the shear plate and another at the top of the slope
sheet), a large strut positioned at a right angle to the slope sheet, and two small struts
positioned near the bottom of the slope sheet. EX1004 at 294. The large strut and
one of the two small struts may be seen in the drawing below. Id. Besides not being
elephant ears, the small struts do not extend from the draft sill. Id. The 892 patent
defines the draft sill as the portion of the center sill outboard of truck center. Id.; see

also EX1001 at 14:31-34.
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65. Under NSC’s construction, which interprets “sloped side sheet” to refer
to the “side slope sheet” 50, limitation [6b] is satisfied by an obvious modification
of the 1946 Cyclopedia’s NSC ore-car design in view of Lindstrom.

As shown below, both the 1946 Cyclopedia’s NSC ore car and Lindstrém
disclose sidewalls that extend downwards from a top chord and then pass from
outboard to inboard across a two-part sidewall stiffener. Both references also
disclose the lower portion of the stiffener being supported by a side sill on the
outboard end and a longitudinal support beam on the inboard end. A difference
between the references is that, at the inboard margin of the lower portion of the
stiffener, the 1946 Cyclopedia’s NSC ore car discloses the sidewall separating from
the stiffener and continuing its downward-inboard slope; whereas Lindstrém
discloses the sidewall remaining connected to the stiff.ener and sloping downward.
The sidewall that Lindstrom discloses wraps around the inward side of the lower

portion of the stiffener (28) and the longitudinally extending support member (11).
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modification to provide such additional lateral stability to the side wall. A POSITA
would understand that the lading in the hopper would tend to push the side wall and
stiffener laterally outward, and that wrapping the bottom of the side wall around the
stiffener and longitudinal support beam would help stabilize the side wall and
stiffener against movement in the laterally outward direction. The modification
amounts to mere application of a known technique (i.e., wrapping the side wall
around the inward side of the stiffener) to a known device (i.e., the NSC ore car) that
is ready for improvement to yield predictable results (e.g., providing additional
lateral stability to the side wall).

67.  After that modification, it would have been obvious to add a sloped side
sheet, as shown below in green. A POSITA would be motivated to make this
addition to ensure the side wall of the hopper has a continuous sloped surface without
discontinuities that could impede the movement of the lading to the hopper doors.
The unmodified NSC ore car, for example, teaches such a continuous sloped surface.
The addition of a slope side sheet would simply replace the segment of the NSC ore
car’s sidewall that had extended downward and inboard of the outer stiffener before
modification.

68. Modified in this way, the “first sloped side sheet meets said first

sidewall at said transition portion.”
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IPR2025-

Id.  As discussed above, it would have beenrobvious to modify the NSC ore car
disclosed in the 1946 Cyclopedia to add an end wall, as in Wong. It also would have
been obvious to use the specific end wall shown in Wong with a bent lower end,
thereby forming the claimed crosswise extending beam. First, that modification
employs well-known elements (end walls and end slope sheets) according to known
methods (bending a flange of the end wall to create two lines of contact) to yield the
predictable result of providing additional support for the slope sheet. Second, the
modification uses the known technique of bending a flange of the end wall to support
the end slope sheet that is taught in the “hopper railcar” of Wong (EX1006 at
Abstract) to improve another hopper railcar (i.e., the NSC ore car in the 1946
Cyclopedia) in the same way. Third, the NSC ore car in the 1946 Cyclopedia was
ready for the improvement of adding the end wall of Wong having a bent lower end.
The NSC ore car possessed other structures to support that addition, including an
end post for providing longitudinal support for the end wall, sidewalls that can be
extended upwards, and an upper and longitudinally outboard flange of the sidewall
that can provide lateral support for the end wall and bent lower end. EX1004 at 294-
95. Applying the known technique of bending a flange of the end wall to support
the end slope sheet to the NSC ore car in the 1946 Cyclopedia that was ready for that
improvement would yield the predictable result of providing additional support for

the end slope sheet. Moreover, a POSITA would have had a reasonable expectation

76

FreightCar America, Ex. 1003
IPR Petition - USP §,166,892

01046, 47 - National Steel Car Limited Exhibit 2057

FreightCar America Inc. v. National Steel Car Limited

Page 392

_-— -



IPR2025-01046, 47 - National Steel Car Limited Exhibit 2057
FreightCar America Inc. v. National Steel Car Limited
Page 393



IPR2025-01046, 47 - National Steel Car Limited Exhibit 2057
FreightCar America Inc. v. National Steel Car Limited
Page 394



IPR2025-01046, 47 - National Steel Car Limited Exhibit 2057
FreightCar America Inc. v. National Steel Car Limited
Page 395



long before 2009—indeed, back to at least the 1904-1906 L&Y hopper car. EX1007
at 262-64. Flat bar is particularly appropriate for use as a stiffener because it
efficiently provides support in the vertical-transverse plane in which the sidewalls
are loaded. Indeed, adding material to support the sidewalls in another plane would
be largely wasted, leaving flat bar as the most efficient choice for the sidewall
stiffeners in the 1946 Cyclopedia’s NSC ore car. Choosing flat bar as the material
for the NSC ore car amounts to the simple substitution of one known material (i.e.,
flat bar) for another to obtain the predictable result of supporting the side wall. Flat
bar is also one of a small number of identified, predictable materials for a sidewall
stiffener. Incorporating flat bar as the material for NSC ore car’s sidewall stiffener
would have been a simple process of using known methods and materials in an
ordinary way—e.g., cutting the flat bar to the desired shape and connecting it to the
sidewall with flanges and rivets. Thus, a POSITA would have had a reasonable

expectation of successfully incorporating that material.

E. Ground 2a: Claim 1 — anticipation by Lindstrém, or at least obviousness
over Lindstrom in view of the 1946 Cyclopedia.

1. Independent Claim 1

a, [1d] “said rail road car having a side sill and a top chord;
said first upstanding sidewall extending from said side sill to

said top chord;”

72. Lindstrém discloses this limitation, as shown in Fig. 2 below.

Lindstrém discloses said rail road car having a side sill (“side sills” 2) and a top

80
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for the sidewall. Indeed, Lindstrom explicitly states: “To assist in supporting and
stiffening the combined side walls and sloping floor plate 21, 21, members 28 are
provided which are preferably of triangular form and secured to the longitudinally
extending columns, viz., to the side sills 2, 2 and the members 11, 11 thereof, and to
the sloping floor plates 24, 24.” EX1005 at 2:111-19. Lindstrdm also states: “To
further stiffen and strengthen the combined side walls and sloping floors 21, 21 |
stakes 41 are provided which are preferably of U-shape in cross section having
lateral flanges, which are secured to the plates 23 and 24 by rivets or other suitable
means.” Id. at 3:39-45. Moreover, Lindstrém’s “stakes” 41 and “members” 28 have
the same shape and position as was common for sidewall stiffeners. E.g., EX1004

at 294-95 (1946 Cyclopedia’s NSC ore car).
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Aligning the portions in this way would be no more than combining prior art
elements (stiffeners with inside and outside portions) according to known methods
(aligning inside and outside portions) to yield predictable results (e.g., supporting
the side sheet, transferring load to the side sill, and avoiding moments). Such
alignment would also be the application of a known technique (aligning inside and
outside portions of the sidewall stiffener) from the L&Y hopper car and the 1946
Cyclopedia ore cars to improve a similar device (Lindstrém).

F.  Ground 2b: Claims 2-14 — obviousness over Lindstrém in view of Wong,
and optionally the 1946 Cyclopedia.

1. Independent Claim 2

a. [2f] “said first end section having a first draft sill and a
main bolster extending cross-wise to said first draft sill, said
first draft sill and said main bolster intersecting at a first
truck center, said first truck being located centrally under
said first truck center;

76. Lindstrom expressly discloses “draft sills 2”” and “bolsters 3.” EX1005
at 1:81-83. Lindstrém’s figures show these structures in the claimed arrangement.
Specifically, Figure 2 shows that truck center is located just outboard of post 25, and
Figure 1 shows that the first draft sill and the first main bolster intersect at truck
center. Id., Figs. 1-2. Moreover, a POSITA would have known to position the main
bolster at truck center. For example, doing so was common. E.g., EX1004 at 294

(NSC ore car having main bolster at truck center). Further, a POSITA would be
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EX1005, Figs. 1-2.

b. [2h] “said first end section having a shear plate mounted
overtop of said first draft sill and said main bolster; said
shear plate having a longitudinally inboard margin adjacent
to said longitudinally inboard end of said first end slope
sheet; said shear plate having a longitudinally outboard

cross-wise running margin traversing said draft sill
longitudinally outboard of said truck center;”

77. Lindstrom discloses three plates that together comprise the shear plate
at one end of the hopper car: “plates” 6, 16, and 17. EX1005, Fig. 1. “Plate” 6 has
a rectangular horizontal face that extends from side to side, extends outboard to the
outboard margin, and extends inboard to slightly overlap with “plates” 16 and 17.
Id “Plates” 16 and 17 include “flanges™ 19 and are symetrically placed on either
side of the longitudinal centerline. Id, Fig. 1, 4:29-33 (“the flanges 19 of the plates
16 and 17”"). They extend longitudinally inboard of their overlap with “plate” 6 to
the longitudinally inboard end of “flanges™ 19, -laterally outboard to the side, and
laterally inboard to a set of lontitudinally aligned rivets. At the inboard ends of
“plates” 16 and 17 are downwardly angled flanges 19 that are riveted to the
underside of the slope sheet, specifically, to the sloping end plates of the slope sheet.
EX1005 at 2:36-39 (“At their inner edges each of these plates 16 and 17 are provided
with flanges 19 which are secured to the sloping end ﬂoofs, hereinafter more fully
described.”), 4:29-33 (“The lower portions of the sloping end floor plates are secured

to the flanges 19 of the plates 16 and 17 thus providing additional connections
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at that upper end, a load in the hopper creates a stress concentration at the
intersection of the end slope sheet and the end top chord, which is shown below. A
POSITA would have understood that the stress concentration could be ameliorated
by spreading the load over a larger area, for example, through techniques discussed
above. Another known way to accomplish that was (and is) to support the upper,
outboard end of the slope sheet with a cross-wise, L-shaped beam as in Wong. A
POSITA would have had a reasonable expectation of success in making this
modification including because it is a straightforward modification of Lindstrom’s
existing end wall 30. EX1005 at 2:123-27 (plate 30 “forms an end wall of the car
body”). Specifically, Lindstrom’s end wall would be slightly lengthened and bent
inward at its lower end, as shown below. This straightforward modification can be
accomplished with the well-known technique of bending a plate (“plate” 30).
Lindstrém is ready for improvement, including already having a plate to extend and

bend.
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hopper car to the still, aligning them co-planarly, spacing them properly, connecting
various elements to reduce stress concentration, supporting the weights on bolsters,
etc. are all examples of engineering practices for maximizing capacity and
efficiency. A POISTA would be aware of such practices.

4. Dependent Claim 6:

a. [6a] “The rail road hopper car of claim 2 wherein said first
upstanding sidewall has a third region intermediate said
first and second regions, said third region including a side
sheet transition portion passing across said sidewall
stiffener from an inboard margin thereof to an outboard

margin thereof;”

83. This limitation is included here for reference.
b. [6b] “said hopper includes first and second sloped side

sheets; and said first sloped side sheet meets said first
sidewall at said transition portion.”

84. The written description of the 892 patent uses the term “sloped side
sheet” only once, where it states: “Lower portion 124 tapers in width to match the
narrowing width between the sloped side sheets with which it mates.” EX1001 at
16:34-36 (emphasis added). The lower portion 124 is a sloped portion of end wall
30. Id. at 16:29-30 (“End walls 30, 32 each include upper and lower sloped surface
members 122 and 124”). End wall 30 with its lower portion 124 is shown in Fig. 3a

below.
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Id, Fig. 2¢. Accordingly, a POSITA would conclude that the “sloped side sheets”
recited in limitation [6b] are the sloped portions 98 of -side walls 34, 36.

Limitation [6b] recites that the first sloped side sheet, which is part of the first
side wall, “meets” the first side wall. Claim 6’s requirement that the sloped side
sheet “meets” the side wall must therefore be satisfied by a sloped side sheet that
forms part of the side wall.

Lindstrom discloses the same structure. As shown below, Lindstrdm has a
sloped side sheet that forms part of the car’s side wall. And as in the 892 patent,
the sloped side sheet is located in the same part of the side wall as the transition
portion. Lindstrom therefore discloses limitation [6b] under any reasonable

interpretation of the claim language.
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V1. GROUNDS AND COMBINATIONS

89. I have reviewed all grounds and combinations of prior art references
referenced in this declaration, and I agree that each ground would render obvious the
relevant claims. In particular, the following combinations of prior art refefences
would be successfully combined and modified as described. Although I have not

illustrated each modification, I have considered them all as part of this analysis to

reach my conclusions.

GROUND la Claim 1: 1946 Cyclopedia

GROUND 1b Claims 2-8, 10-14: 1946 Cyclopedia, Lindstrdm and
optionally Wong

GROUND lI¢ Claim 9: 1946 Cyclopedia, Lindstrém and Wong

GROUND 1d Claim 15: The art in Ground 1b and Coates

GROUND 2a Claim 1: Lindstr6m and optionally the 1946 Cyclopedia

GROUND 2b Claims 2—-14: Lindstrdm, 1946 Cyclopedia and Wong

GROUND 2c¢ Claim15; The art in Ground 2b and Coates

116
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VII. CONCLUSION

I reserve the right to supplement my opinions in the future to respond to any
arguments or positions that the patent owner may raise, taking account of new
information as it becomes available to me.

I declare that all statements made herein of my own knowledge are true and
that all statements made on information and belief are believed to be true; and further
that these statements were made with the knowledge that willful false statements
and the like so made are punishable by fine or imprisonment, or both, under Section

1001 of Title 18 of the United States Code.

May 27, 2025 MJ

Mehdi Ahmadian, Ph.D.
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sections for carriage by respective first and

second rail road car trucks for rolling motion

along railroad tracks in a longitudinal

direction; said hopper being suspended

between said first and second end sections,”................. 31

b. [1c] “said first end section including a draft sill
extending in the longitudinal direction, a main
bolster extending crosswise to said draft sill,
and a shear plate mounted to said draft sill and
to said main bolster, said shear plate extending
lengthwise along said draft sill and cross-wise
from side to side of said hopper car;”..........cccorevveeneee, 33

C. [1e] said hopper car being free of primary
structure directly above said shear plate of said
first end section under said overhang of said
first end slope sheet of said hopper;”.....c.cccccevvevrerennenne. 35

d. [1f] “one of: (a) said first end slope sheet has
an upper margin and said hopper car includes
an end post extending upwardly from said draft
sill to said upper margin of said first end slope
sheet; and (b) said first end slope sheet has an
upper margin terminating at an end wall, and
said hopper car includes an end post extending
upwardly from draft stub sill to said end wall;”............ 41

€. [1g] “said shear plate has a longitudinally
outboard margin and said draft sill has a striker
located outboard of said longitudinally
outboard margin of said shear plate, and said
end post is one of: (a) rooted to said draft sill
adjacent to said striker; (b) rooted to said shear
plate adjacent to said longitudinally outboard
margin of said shear plate;”........c.cocevrievivierniiinnnniennnn 45

f. [1h] “said bolster has first and second laterally
outboard distal ends, and said hopper car has
corner posts extending upwardly from said
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distal ends of said bolster to said first end slope
Sheet; and” .......cvevvieiieicieerrereee e

g. [1i] “said hopper car has a machinery space
bounded by (a) said first end slope sheet; (b)
said shear plate of said first end section; (c)
said end post; and (d) said corner posts, and
said machinery space is free of any other

Primary StUCIULE.” ....c.cevvevernrerrenrerncisiiesieninsssnessessessnees 52

Ground 2: Claim 3 is obvious over Hart, the 1906

Cyclopedia and Schuller. .........cccoviviecieienenenneciiieienienesanenane 53

1.  Dependent Claim 3: “The railroad hopper car of
claim 1 wherein: said hopper car has at least one
longitudinally hinged discharge door, said discharge
door being movable cross-wise between open and
closed positions; and a longitudinally acting
pneumatic actuator is at least partially lodged in said

machinery space directly above said draft sill.” ...................... 53

Ground 3: Claim 4 is obvious over Hart, the 1906

Cyclopedia, Schuller and Karig. .........c.ccecveveviniimnnioninninnnniinne. 56

1. Dependent Claim 4: “The railroad hopper car of
claim 3 wherein a brake reservoir is also at least

partially lodged in said machinery space.” .........cc.cccccvinnrinens 56

Ground 4: Claims 5-6 are obvious over Hart, the 1906

Cyclopedia and Campbell *652...........cccnrniiciineinircceiie 57

1. Dependent Claim 5 ........ccoovvorrciiie

a. [5a] “The railroad hopper car of claim 1
wherein: said shear plate is mounted above,
and to, said main bolster and defines an upper

flange thereof;” ........ccovvvrevrinirieerrr

b. [5b] “said main bolster has a lower flange
downwardly spaced from said upper flange,

1ii
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said lower flange terminating at respective

distal end portions at either side of said car;”................ 57
c. [5¢] “said car includes a side sill running along

said car between said first and second end

SECLIONS,” oorreiereeieiieiieireeereesiesesrerrereerreraeeeseesssassbesssnanaes 58

d. [5d] “said side sill has an upper flange, said
upper flange of said side sill being
substantially co-planar with, and connected to,
said shear plate; and™..........ccooeriniiiini 60

e. [Se] “said side sill has a lower flange, said
lower flange of said side sill being
substantially co-planar with a respective one of
said distal end portions of said lower flange of
said main bolster.” ..........cccereiciiniininicnn 61

E. Ground 5: Claims 7-16, 20-23, 24-28, and 30-31 are
obvious over Hart in view of the 1906 Cyclopedia and
WONEZ. oottt sttt e s s s b e a e be e b )

1. Independent Claim 7........ccovecmveiiiecienienerienneniecieesrenneriaseesianne 61

a. [7h] “said hopper car has a first end wall
member running cross-wise between said first
and second side walls; said first end slope
sheet has an upper margin that meets said first
end wall member at a first junction; said first
end wall member extends upwardly from said
first junction; said first end wall member has a
lower portion extending downward of said first
junction; said lower portion of said first end
wall member and said upper margin of said
first end slope sheet co-operate to define
portions of the cross-section of a second
hollow section beam extending cross-wise
across said hopper car between said first and

second side walls.” .......c.ccoiiniiininnicns 61
iv
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2. Dependent Claim 9: “The railroad hopper car of
claim 7 wherein said laterally extending member has
a pair of first and second spaced apart toes, and said
laterally extending member is mounted toes-in
against said first end slope sheet, whereby said first
hollow section beam is defined by said laterally
extending reinforcement and said first end slope
SHEEL. .. 63

3.  Dependent Claim 11: “The railroad hopper car of
claim 10 wherein said laterally extending
reinforcement is an angle iron mounted toes-in to
said first end slope sheet.” ........coccoovrrvenrrienennc e, 65

4,  Dependent Claim 16: “The railroad hopper car of
claim 15 wherein said intermediate beam includes a
cross-wise extending structural member mounted
toes-in against said first end slope sheet to define a

closed hollow SECHION.” ......cccviiicrieereneree et 66
5.  Independent Claim 24 ............ccoovermiviirininiine e 67
a. 24[g] “said draft sill having longitudinally
extending draft sill webs;”.......ccoeiieiiririne 67
F.  Ground 6: Claims 17-19 are obvious over Hart in view of
the 1906 Cyclopedia, Wong and Campbell 051 ........ccccovieninennnnee. 68

L. Dependent Claim 17: “The railroad hopper car of
claim 7 wherein said first and second side walls of
said hopper car define sidewalls of said hopper, and
said first and second side walls include end portions
that are stepped laterally inboard, and said second
hollow section beam extends between said end
portions of said first and second side walls that are
stepped laterally inboard.” .......ccccovviericieneninninnnniccie 68

2. Dependent Claim 19: “The railroad hopper car of
claim 18 wherein: there is an end wall that extends
from sidewall to sidewall; said end wall has an upper
portion that has an upper margin terminating at a top

v
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chord of said end wall; said first end slope sheet has

an uppermost margin, said uppermost margin of said

first end slope sheet meeting said end wall along a

first juncture; said end wall has a lower portion

extending below said first juncture, said lower

portion being bent to define a portion of said second

hollow section beam; and said end post extends past

said second hollow section beam along said end wall

to mate with said top chord of said end wall.”........................ 70

G.  Ground 7: Claims 21-22 and 29 are obvious over Hart in
view of the 1906 Cyclopedia, Wong and Schuller..............cccuc........ 72

1.  Dependent Claim 21: “The railroad hopper car of
claim 20 wherein: said hopper has a movable door by
which egress of lading is governed; said hopper car
has an actuator and a drive train, said drive train
being connected between said actuator and said door,
said actuator being operable to move said door; and
said actuator is mounted in said machinery space.” ................ 72

H. Ground 8: Claims 32—-34 are obvious over Lindstrém in
view of Wong, Ratcliffe 1 and Hart. ........cccoceevricincniicievrececinee 73

1. Independent Claim 32........ccccovierieriervinsieniereenereeecece e 73

a. [32a] “A railroad hopper car, said hopper car
comprising: a hopper; first and second end
sections for carriage by respective first and
second rail road car trucks for rolling motion
along railroad tracks in a longitudinal
direction; said hopper being suspended
between said first and second end sections,”................. 73

b. [32b] “said hopper having a discharge section
through which to release lading, and a first end
slope sheet oriented toward said first end
section, said first end slope sheet being
inclined in the longitudinal direction to feed

said discharge section;” ........c.ccceceeeiievnnsvcviiiienne 74
vi
IPR2025-01046, 47 - National Steel Car Limited Exhibit 2057 FreightCar America, Ex. 1003
FreightCar America Inc. v. National Steel Car Limited IPR Petition - USP 8.132.515
] H

Page 441



IPR2025-01046, 47 - National Steel Car Limited Exhibit 2057
FreightCar America Inc. v. National Steel Car Limited

Page 442

[32c] “said first end section including a draft
sill extending in the longitudinal direction, said
draft sill having first and second spaced apart
longitudinally running draft sill webs and a

draft pocket defined therebetween;” .............c............

[32d] “said first end section including a main
bolster extending cross-wise to said draft sill;
said first end section having a truck center
where said main bolster meets said draft sill;
said draft sill having a striker end
longitudinally outboard of said truck center;
said first end section including a shear plate;
said shear plate overlying said draft sill webs
and said main bolster, said shear plate
extending longitudinally along said draft sill
and cross-wise from side to side of said hopper
car; said shear plate having an outboard margin
running across said car distant from said truck

center and proximate said striker end;” ........c.c........

[32e] “said first end slope sheet over-hanging

said shear plate of said first end section;” ................

[32f] first and second side walls running
lengthwise along first and second sides of said
car, said first end slope sheet of said hopper
extending cross-wise between said first and

second side walls; .......covvvviieiiniininreciiee e

{32g] “there being a first end wall extending
between said first and second side walls; said
first end slope sheet having an uppermost
margin, said uppermost margin meeting said
first end wall at a first junction; said hopper car
having a first beam extending cross-wise
between said first and second side walls at said
first junction of said uppermost margin of said
first end slope sheet and said first end wall,

vii
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said first beam being a beam of hollow
LT w28 (0 o HAE 81

h. [32h] “said first end wall is surmounted by a
cross-wise running top chord; said first end
wall includes a panel extending downwardly
from said cross-wise running top chord;”...................... 84

i. [32i] “said first end section includes an end
post extending upwardly of said draft sill, said
end post being mounted above said draft sill
distant from said truck center and proximate
said striker end; said end post extending
upwardly to meet said first beam and said top
CHOTA;” ot s et s v e v e e e rer e e e ea e e e e nae e 84

j. [32j] “said first end section being free of
longitudinally oriented elephant ears extending
upwardly of said draft sill webs of said draft
sill to meet said first end slope sheet;” ............cccceunene 86

k. [32k] “said hopper car having a second beam
extending cross-wise between said first and
second side walls, said second beam being a
beam of hollow section; and said second beam
being connected to said shear plate.”............c.ccceeeee 87

2. Dependent Claims....coevveerrerireereerieerenreree s erereeseraesses s sone 89

a.  Dependent Claim 33: “The railroad hopper car
of claim 32 wherein a third beam is mounted
across said first end slope sheet intermediate

said first and second beams.” ..........eevevvmerrerrerinriessreiinns 89
1. Ground 9: Claims 3544 are obvious over Lindstrém in
view of Wong, Ratcliffe 1, Hart and the 1946 Cyclopedia. ............... 90

1.  Dependent Claim 35: “The railroad hopper car of
claim 32 wherein: said main bolster has first and
second ends; and respective first and second corner
posts are mounted to said first and second ends of

viii
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said main bolster and extend upwardly therefrom to
meet said first end slope sheet.”.........c.ccccoeviniinniriininnienienienn, 90

Dependent Claim 36: “The railroad hopper car of

claim 35 wherein: a machinery space is defined

above said shear plate and under said first end slope

sheet; and a door actuator is mounted above said

shear plate and under said first end slope sheet.” .................... 94

Dependent Claim 39: “The railroad hopper car of
claim 32 wherein said draft sill has a longitudinally
outboard end, and a striker plate mounted at said
longitudinally outboard end; and said draft sill has a
length between said truck center and said striker plate

that is less than 50 inches.”.....c..ccccovviiniccrennnnrnce e 102
Dependent Claim 40: ......cooeoiirienrnncinicieeee e 103
a. [40c] “said first side wall has a predominantly

upwardly running side wall stiffener mounted
thereto, said side wall stiffener being located at
a longitudinal station intermediate the trucks;”........... 103

b. [40h] “said side wall stiffener having web
continuity between said first and second
portions thereof” ........ccoivivereeiiienieinemnienen e e scee e 105

Dependent Claim 43: “The railroad hopper car of

claim 40 wherein: said first side wall has a third

region intermediate said first and second regions, said

third region including a side sheet transition portion

passing across said side wall stiffener from an

inboard margin thereof to an outboard margin

thereof; said hopper includes first and second sloped

side sheets; and said first sloped side sheet meets said

first side wall at said transition portion.” ..........cccceevevvenreereenne 107

Dependent Claim 44: “The railroad hopper car of
claim 43 wherein said first side wall has an overall
height from said side sill to said top chord, L, and

ix
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said transition portion is located a distance above said

side sill that is in the range of 4t0 25 L. c.oovvevriinviciiniennns 109

VI. GROUNDS AND COMBINATIONS ... 112

VII. CONCLUSION ...ttt cteee e siee e sreseteesessns e seneesaessaeense e saasneesassnsanans 1
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I, Mehdi Ahmadian, Ph.D., declare as follows:

1. I am making this declaration at the request of FreightCar America, Inc.
(“FCA™). I have been retained by FCA as a technical expert in this matter.

2. I am being compensated for my work on this matter and I am being
reimbursed at cost for my expenses. My compensation in no way depends upon the
outcome of this proceeding. I do not own any stock in FCA and, to my knowledge,

I have no financial interest in FCA.

3.  In preparation for this declaration, I have considered the following
materials:
Exhibit No. Description

1001 U.S. Patent No. 8,132,515 (“the 515 Patent™)

1002 File History of the ’515 Patent

1004 Excerpts from 1946 Car Builders’ Cyclopedia, 17" ed.
(“1946 Cyclopedia”)

1005 U.S. Patent No. 1,321,928 (“Lindstrém™)

1006 U.S. Patent No. 4,941,411 (“Wong”)

1007 Excerpts from Lancashire & Yorkshire Wagons, Vol. II, by Noel
Coates, Copyright 2006 (“Coates”)

1008 U.S. Patent No. 992,192 (“Hart”)

Excerpts from The Car Builders’ Dictionary, 1906 Edition

1009
(“1906 Cyclopedia™)

Excerpts from Car Builders’ Dictionary, 1912 (Seventh) Edition

1010|1912 Cyclopedia”)
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Exhibit No. Description

Excerpts from Car Builders’ Cyclopedia of American Practice,

W Tonth Edition—1922 (1922 Cyclopedia”)

1012 U.S. Patent No. 1,537,051 (*Campbell 051"}

1013 U.S. Patent No. 1,999,652 (*Campbell *652”)

1014 U.S. Patent No. 3,710,729 (“Schuller”)

1015 U.S. Patent No. 4,348,962 (“Smith™)

Excerpts from COAL CARS: The First Three Hundred Years, by

1016 Martin Robert Karig III, Copyright 2007 (“Karig™)

1017 Excerpts from Modern Private Owner Wagons on British Rail, by
David Ratcliffe, Copyright 1989 (“Ratcliffe 17)

1018 Excerpts from Private-Owner Wagons in Colour, For the Modeller
and Historian, by David Ratcliffe, Copyright 2009 (“Ratcliffe 2”)

1019 Excerpts from Wagons of the Final Years of the British Railways,
By David Larkin, Copyright 2008 (“Larkin 1)

1020 Excerpts from Working Wagons, Vol. 3 1980-1984, by David
Larkin, Copyright 2001 (“Larkin 2”)

1021 Excerpts from Wagon Recognition, Vol. 1 Carkinds — B to W, by
Martin Buck and Mark Rawlinson (“Buck™)

1024 Excerpts from Private Owner Wagons, Vol. 1, by Andrew
Marshall, Copyright 1989 (“Marshall’)

4. I have also relied on my education, training, and experience, and my

knowledge of pertinent literature in the field of the *515 patent.
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I. EXPERIENCE AND QUALIFICATIONS

5. My experience and qualifications are summarized in my curriculum
vitae, a copy of which is attached hereto as Appendix A.

6. I am currently employed as J. Bernard Jones Chair of Mechanical
Engineering at Virginia Polytechnic Institute and State University ("Virginia Tech").
I am also the Director of the Center for Vehicle Systems and Safety (CVeSS) and
the Railway Technologies Laboratory (RTL) at Virginia Tech. I am the founding
director of CVeSS, RTL, Virginia Institute for Performance Engineering and
Research (VIPER), and the Advanced Vehicle Dynamics Laboratory (AVDL).

7. I hold four degrees, three of which are in the field of Mechanical
Engineering. [ obtained my Doctor of Philosophy degree in Mechanical Engineering
from the State University of New York at Buffalo in 1984. I obtained my Master of
Business Administration (MBA) from Pennsylvania State University — Behrend
College in 1994. 1 obtained my Master of Science (MS) in Mechanical Engineering

from the State University of New York at Buffalo in 1982. I obtained my Bachelor
of Science (BS) in Mechanical Engineering from the State University of New York
at Buffalo in 1980. I worked at General Electric Transportation Systems from 1993-
1995 before joining Virginia Tech as an assistant professor in 1995. Since joining

Virginia Tech, a substantial portion of my research has been directed to the railroad

FreightCar America, Ex. 1003
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industry and railroad systems. This research is evident in the hundreds of
publications, books, book chapters, and presentations listed in my CV.

8. I have over 25 years of experience as an independent consultant on
matters related to product liability and patent litigation cases involving a broad
spectrum of passenger cars, commercial vehicles, and railway systems. I have also
assisted clients on issues related to vehicle dynamics and handling,
electromechanical systems, braking, rollover stability, and active safety systems. I
have broad technical experience in advanced vehicular systems for railway and
heavy vehicles, including railway control and safety systems.

9. I have authored more than 500 publications and held 12 U.S. and
international patents. Additionally, I have edited eight technical volumes on various
engineering topics. I have served as Editor of the International Journal of Vehicle
System Dynamics (2008 to 2022) and Editor-in-chief of the Journal of Vibration and
Control (2014 to 2023). I have also served as the Editor-in-Chief of Shock and
Vibration (2011-2016), the Editor-in-Chief of Advances in Automotive Engineering
(2012-2014), and Editor for Smart Materials Research (2010-2014), Advances in
Mechanical Engineering (2008-2014), and Mechanical Engineering (2010-2014). 1
have also served as an Associate Editor for the ASME Journal of Vibration and
Acoustics (1989-1996), the AIAA Journal (2000-2008), and Shock and Vibration

(2003-2011). I have served on the editorial boards of Advances in Theoretical and
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Applied Mechanics (2012 to present), Nonlinear Analysis and Differential Equations
(2013 to present), and the Journal of Theoretical and Applied Vibration and
Acoustics (2018 to present).

10, 1 am a Fellow of the Society of Automotive Engineers (SAE
International) (2001 to present), a Fellow of the American Society of Mechanical
Engineers (“ASME”) (1984 to present), a Fellow of the International Society for
Condition Monitoring (“ISCM™) (2021 to present), a Fellow of the International
Institute of Acoustics and Vibration (“IIAV”) (2021 to present), and an Associate
Fellow of the American Institute for Aeronautics and Astronautics (“AIAA™) (1984
to present). I have also been a Member of the American Railway Engineering and
Maintenance-of-Way Association (“AREMA™) (2011 to present), American Society
of Education for Engineers (1984-2001), and Tau Beta Pi National Engineering
Honorary Society (1979 to present)

11. T have received several professional awards throughout my career,
including most recently being awarded the 2024 Society of Automotive Engineers
(SAE) Medal of Honor (the highest recognition of lifetime achievement, bestowed

on one SAE member per year) and the 2023 Virginia Tech Alumni Award for
Research Excellence (regarded as the most prestigious Virginia Tech award for
significant life-long research) for my research contributions.

12. I am an inventor on the following issued patents:

FreightCar America, Ex. 1003
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» Kinetic Energy-Harvesting Device for Powering and Charging
Railway and Other Applications, U.S. Patent 12,088,180,
September 10, 2024,

¢ Dual-action rotary dynamic load stabilization pneumatic valve
system, U.S. Patent 9,975,392, May 22, 2018.

e A Compact Lightweight Double-piston Magnetorheological (MR)
Damper with large adjustable dynamics force, Chinese Patent # ZL
201110420869.8, December 25, 2013.

e A Compact Lightweight Double-piston Magnetorheological (MR)
Damper, Chinese Patent # ZL 201110418073.9, January 9, 2014,

¢ Doppler Sensor for the Derivation of Torsional Slip, Friction, and
Related Parameters, U.S. Patent 8,294,883, October 23, 2012.

¢ Doppler Sensor for the Derivation of Torsional Slip, Friction and
Related Parameters, U.S. Patent 7,705,972, April 27, 2010.

o No Jerk Semiactive Suspension System, U.S. Patent 6,115,658,
September 5, 2000.

e No Jerk Semi-active Skyhook Control Methods and Apparatus,
Canadian Patent Application, No. 09/225,147, December 17, 1999.

e Self-Steering Locomotive Truck, U.S. Patent 6,006,674, December
28, 1999.

o Self-Steering Locomotive Truck, U.S. Patent 5,746,135, May 5,
1998.

¢ Self-Steering Locomotive Truck, U.S. Patent 5,613,444, March 25,
1997.

e Electromagnetically Operated Pneumatic Valve Assembly for an
Electrical Contactor Actuator, U.S. Patent 5,409,036, April 25,
1995.

II. APPLICABLE LEGAL STANDARDS

13. I have been asked to provide my opinions related to whether claims of

U.S. Patent. No. 8,132,515 (“the *515 patent™) are anticipated and/or would have
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been obvious to a person of ordinary skill in the art at the time of the alleged
invention, in view of the prior art.

14. I am an engineer by training and profession. The opinions I am
expressing in this report involve the application of my training and technical
knowledge and experience to the evaluation of certain prior art with respect to the
’515 patent.

15.  Although I have been involved as a technical expert in patent matters
before, [ am not an expert in patent law. Therefore, attorneys from Knobbe, Martens,
Olson & Bear have provided me with guidance as to the applicable patent law in this
matter. The paragraphs below express my understanding of how I must apply

current principles related to patent validity in my analysis.

16. It is my understanding that a claim is “anticipated” if a person of
ordinary skill in the art (POSITA), reading a prior art reference at the time of the
invention, would have understood the reference to disclose each limitation of the
claim.

17. It is my understanding that a claim is “obvious” if the claimed subject
maﬁer as a whole would have been obvious to a person of ordinary skill in the art at
the time of the alleged invention. I understand that the following factors must be
evaluated to determine whether a claim would have been obvious: (1) the scope and

content of the prior art; (ii) the differences, if any, between each claim of the 515

FreightCar America, Ex. 1003
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} patent and the prior art; (iii) the level of ordinary skill in the art at the time of the
claimed invention; and (iv) additional considerations, if any, that indicate that the
invention was obvious. I understand that these “additional considerations™ are often
referred to as “secondary considerations” or “objective indicia” of non-obviousness.

18. I also understand that the frame of reference when evaluating
obviousness is what a hypothetical person of ordinary skill in the pertinent art would
have known at the time of the claimed invention. I understand that the hypothetical
person of ordinary skill is presumed to have knowledge of all pertinent prior art
references.

19. I understand that a prior art reference may be a pertinent prior art
reference (or “analogous art”) if (i) it is in the same field of endeavor as the patent,
or (ii) if it is pertinent to the problem that the inventors were trying to solve. I
understand that a reference is reasonably pertinent if it logically would have
commended itself to an inventor’s attention in considering the problem at hand. If
a reference relates to the same problem as the claimed invention, I understand that
supports use of the reference as prior art in an obviousness analysis.

20. It is my understanding that the law recognizes several rationales for
combining references or modifying a reference to show obviousness of claimed

subject matter. Some of these rationales include:
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combining prior art elements according to known methods to yield
predictable results;
simple substitution of one known element for another to obtain
predictable results;
a predictable use of prior art elements according to their established
functions;
using known techniques to improve similar devices (methods, or
products) in the same way;
using a feature that was commonly used on similar devices and well-
known in the field,;
applying a known technique to a known device (method, or product)
ready for improvement to yield predictable results;
choosing from a finite number of identified, predictable solutions, with
a reasonable expectation of success (in which case a claim would have
been obvious to try);
known work in one field of endeavor 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

one of ordinary skill in the art; and

FreightCar America, Ex. 1003
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e some teaching, suggestion, or motivation in the prior art that would
have led one of ordinary skill to modify the prior art reference or to
combine prior art reference teachings to arrive at the claimed invention.

21. I understand that a prior art reference may also suggest a combination
with another prior art reference or a modification in view of another reference. In
that case, even if the prior art reference does not explicitly or inherently disclose the
limitation, the motivation to modify the prior art reference to include the limitation
may exist within the prior art reference itself. Thus, the limitation would have been
obvious over that prior art reference alone.

22. Tunderstand that “secondary considerations” must be considered as part
of the obviousness analysis when present. I further understand that the secondary
considerations may include: (1) a long-felt but unmet need in the prior art that was
satisfied by the claimed invention; (2) the failure of others; (3) skepticism by experts;
(4) commercial success of a product covered by the patent; (5) unexpected results
achieved by the claimed invention; (6) industry praise of the claimed invention;
(7) deliberate copying of the invention; and (8) teaching away by others. I am not
aware of any evidence of secondary considerations that would suggest that the

claims of the *515 patent would have been nonobvious at the time of the claimed

invention.
10
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23. I understand that when assessing obviousness, using hindsight is
impermissible; that is, what is known today or what was learned from reading the
asserted patent should not be considered. The asserted patent should not be used as
a road map for selecting and combining items of prior art. Rather, obviousness must
be considered from the perspective of a person of ordinary skill at the time the
alleged invention was made. (See paragraph 30 for discussion of invention date.)

24. 1 also understand that an obviousness analysis must consider the
invention as a whole, as opposed to just a part or element of the invention. I
understand this “as a whole” assessment to require showing that one of ordinary skill
in the art at the time of invention, confronted by the same problems as the inventor
and with no knowledge of the claimed invention, would have selected the elements
from the prior art and combined them in the claimed manner.

IIL. THE 515 PATENT

A. Overview of the *51S5 Patent

25. The ’515 patent describes a bottom-discharge hopper car, a railway
freight car loaded through the hopper’s open top and discharged through doors at the
bottom of the hopper. The hopper’s forward and rear walls—called “slope sheets™—
incline toward the bottom center of the car to channel the payload to the hopper
doors. The *515 patent describes reinforcing the slope sheets with transverse support

beams under the slope sheet. By supporting the slope sheets with transverse beams,

11
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the space below the slope sheet—called the “machinery space”—is not encumbered
by support structures and can house machinery such as equipment for opening the
hopper doors.

26. During prosecution, the applicant overcame the Examiner’s rejection
of original Claim 1 by arguing that the prior art had support structures—large
triangular plates known as “elephant ears™—that obstructed the machinery space.
The Examiner thereafter allowed 44 claims. Each claim required either open
machinery space below the slope sheets, crosswise reinforcement beams on the slope
sheets, or both.

27. But although applicant persuaded the Examiner that slope-sheet support
beams and open machinery spaces were novel, they were a century old when the
applicant filed its patent application in 2009. For example, the primary prior art
reference in this petition—U.S. Patent No. 992,192—issued to Harry Hart in 1911.
Many other hopper cars from the first half of the twentieth century also used support
beams to keep their machinery spaces open.

78. The claims of the *515 patent are unusually lengthy because they recite
a host of hopper-car components widely used many decades before applicant’s filing
date. Because these features are used in the claimed hopper car just as they have
always been used in the prior art, their inclusion in the challenged claims would have

been obvious to a person of ordinary skill in the art (or “POSITA”).

12
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Claim 6, rewrote several claims in independent form, and made other amendments.
Id. at 288. The new independent claims were 6, 16, 25, 27, 33, and 43. Id. Each
independent claim required an open machinery space or excluded elephant ears such
as those in Smith. See, e.g., id. at 273-81.

34. On November 1, 2011, the Examiner allowed all pending claims
without applying or discussing any prior art submitted with the RCE. Id. at 305-39.

35. However, the Patent Office did not have the most relevant evidence.
The prior art contained numerous hopper cars with open or unobstructed machinery
spaces. To keep their machinery spaces unobstructed, these hopper cars used
reinforcement beams that extended along the underside of the slope sheet, either
crosswise or longitudinally.

36. For example, historian Noel Coates reproduced photographs from
England’s National Railway Museum of a hopper car manufactured for the
Lancashire & Yorkshire Railroad in 1904. EX1007 at cover, 265 (“L&Y hopper

car”) (shown below).

15
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37. The L&Y car supported its slope sheet with one crosswise beam and
one longitudinal beam, creating the unobstructed machinery space shown below. Id.
The car has two end posts but, like the end post and corners posts of the 515 patent’s

sole embodiment, these posts are at the car’s perimeter, not within its machinery

space.

16
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38. Later hopper cars also employed reinforcement beams to achieve an

open machinery space. A few examples are shown below.

beam open.machinery space

1
t

Kilbourne & Jacobs Hopper Car (1912)
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beams I | open machinery space

' -  §

BR Shildon Hopper Car (1963)

Iﬂen machinery space “ beams |

EX1010 at 208, Fig. 24 (Kilbourne & Jacobs); EX1011 at 1113, Fig. 2904 (Gregg);

EX1019 at 39 (BR Shildon).
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l crosswise beams I I open machinery space I
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I open machinery space I | crasswise bearhs |

ey e ANE
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support post {outside '| support posts (outside
the machinery space)

| the-machinery space)

M&SP Ore Car — 1906 Cyclépedia

EX1009 at 118.

_open machinery space beams

= -

¥y

BP Chemicals Hopper Car (1971)

EX1020 at 62.
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beams || open machinery space

EX1018 at 27.

open machinery space || beams || corner posts (outside machinery space)

P
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i Can bl o e B! Y

Marcroft Hopper Car (1994 Conversion)

EX1021 at 55.
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Steetley Hopper Car (1971)

EX1024 at 27.

39. Finally, Hart also discloses a hopper car with crosswise beams and an

open machinery space. EX1008. As the principal reference in my declaration, Hart

is discussed in detail below.

D. Claim Construction

40. It is my understanding that in determining whether a patent claim is
anticipated by or obvious in view of the prior art, the Patent and Trademark Office
construes the claim by giving the claim terms their plain and ordinary meaning, as
they would have been understood by a POSITA at the time of the invention in view

of the intrinsic record (patent claims, patent specification, and file history). I
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understand that a patent and its prosecution history are considered “intrinsic
evidence” and are the most important sources for determining how a POSITA would
understand claim language.

41. Most claim terms in the ’515 patent are conventional names for
standard rail-car features. Other claim terms are expressly defined in the
specification of the *515 patent. Except where the intrinsic evidence indicates that
the inventors adopted a special definition of a claim term, I have interpreted each
claim term in accordance with its plain and ordinary meaning as it would have been
understood by a person of ordinary skill in the art at the time of the invention.

E. Level of Ordinary Skill in the Art of the 515 Patent

42. It is my understanding that, when interpreting the claims of the *515
patent and evaluating whether a claim would have been obvious, I must do so based
on the perspective of a person of ordinary skill in the art at the time of invention
(POSITA). (See paragraph 30 for discussion of invention date.)

43. I understand that, in determining the level of ordinary skill in the art,
several factors are considered. Those factors may include: (i} the type of problems
encountered in the art; (ii) prior art solutions to those problems; (iii) the rapidity with
which innovations are made; (iv) the sophistication of the technology; and (v) the

educational level of active workers in the field. A person of ordinary skill in the art
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must have the capability of understanding the scientific and engineering principles

applicable to the pertinent art.

44. The claims of the 515 patent are directed to reinforcing and assuring
the structural integrity of a railway hopper car. Accordingly, a person of ordinary
skill in the art to which the *515 patent pertains (POSITA) wc;uld have had at least a
bachelor’s degree in a discipline related to mechanical engineering, physics,
structural design, or an equivalent discipline, and at least two years of experience

designing or analyzing rail cars or similar vehicles.

45. My opinions herein would remain the same even if the invention date,

field of endeavor, or level of ordinary skill were slightly different.

46. 1 qualify as a POSTIA based on my education and experience described

herein and in my CV. Supra § 1. ; App’x A.
IV. CONCEPTS RELATED TO THE ’515 PATENT

A.  Transmitting Loads Through Co-Planar Reinforcing Elements

47, The use of elements that allow transferring loads and forces from one
part of a structure to another part is not novel. It has been practiced in various
embodiments for decades in various structures, including railcars, dating back to
before the priority dates of the subject patents.

48.  Aligning those load-transferring elements, e.g., making them co-planar

in a plane through the axis of load transfer, offers benefits related to simplicity and
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efficiency in design and analysis, particularly in situations where the structure is
two-dimensional or can be reasonably approximated as such. It also allows for a
more efficient transfer of forces without causing an out-of-plane bending.

49.  As shown below, the action and reaction forces are aligned in a co-
planar structure, and no bending moment is generated. When they are not co-planar,
a bending moment (M) is generated, directly proportional to the magnitude of the
forces and their misalignment, known as the moment arm, d. The simplicity and
efficiency of co-planar structures such as the beams shown below and in many

hopper car structures are known to a POSITA.

| r

]_F d

Co-planar beams Non co-planar beams
Forces cause no Forces cause a
moment moment, M

B.  Stiffening a Flat Structure by Adding Ribs Was Not Novel

50. It was known to a POSITA long before the priority date that ribs are
frequently used to improve the strength of sheet metal parts and reduce their
deformation when subjected to heavy loading. It was known that a structure made

of sections with sheet metals tends not to be strong and lacks stiffness and resistance
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to bending. When subjected to large forces, such sheet metals can bow or bend in
response to forces they are subjected to, such as those occurring in sidewall elements
of a hopper car filled with heavy cargo like iron ore. Adding stiffening elements
such as ribs, flanges, hems, flat elements, C-channels, L-brackets, or tubing to sheet
metal parts increases their resistance to deformation when subjected to pressures
caused by heavy loads. They do so by increasing the effective thickness of the sheet

metal in the direction for which bending is to be prevented.

C. Making Reinforcing Elements from Flat Bar Was Not Novel

51. It was known to a POSITA long before the priority date that elements
used for stiffening a sheet metal are often applied in the form of a rib made from flat
bar. Flat bars have superior weight efficiency and cost-effectiveness to resist
bending in the plane of the flat bar. A flat-bar rib, such as the one shown below,
resists bending deformation in direct proportion to its height, h. Flat bars used in
this fashion can be connected to supported material by separate L-brackets,
incorporated flanges, welding (as shown below), or through other means. The plane
(or “web”) of such flat bars can also take any of a multitude of cross-sectional
shapes; for example, as shown below, a flat bar can be in a trapezoid form.

52.  The stiffening effect of flat-bar ribs was known to POSITAs long before

the priority date. Equally known was the spacing of such flat bars. It was known to

a POSITA that flat-bar ribs are uniformly spaced along the length of a structure, such

25
FreightCar America, Ex. 1003

IPR2025-01046, 47 - National Steel Car Limited Exhibit 2057
FreightCar America Inc. v. National Steel Car Limited IPR Petition - USP 8,132,515

Page 468



as the sidewalls of a hopper railcar, to reduce warping and offer deformation

resistance when the hopper is loaded. This spacing can be seen in the railcars

discussed in the following section.

D. Web Continuity Was Not Novel in 2009

53.  Side-wall stiffeners with two parts (e.g., 104 and 106 in *515 patent Fig.
2c above) having web continuity were common in hopper cars used to transport
minerals such as coal and iron ore long before the priority date. For example, the
1946 Cyclopedia has a section regarding hopper ore cars. EX1004 at 290-95. In
that ore-car section of the 1946 Cyclopedia, three of the four schematics in the
section disclose two-part side-wall stiffeners with web continuity. Id. at 290, 292,
294. Those three schematics have rear section views that show both the interior and

exterior portions of the stiffener in relation to the side wall. Id. The arrangement of
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those stiffeners with respect to the sidewall is very similar—almost identical—to the
arrangement thereof shown in Figure 2¢ of the *515 patent, as shown below. Id. For
example, in each, the side wall has an upper vertical, outside aspect, below which
the side wall angles laterally inward and downward between the two portions of the
stiffener; the upper portion of the stiffener is attached to the interior side of the
vertical and angled aspects of the side wall; the lower portion of the stiffener is

attached to the exterior side of the angled aspect of the side wall; this setup is over,

and transfers load to, the side sill. 7d.

43—

w0 —~4

upper, interior
pertlon af
stilfaner

uppar, interior
portian of
stiffener

lower, exterior
pertionof -1
stittenar

tlower, oxterior
portion of
stilenar

’892 Patent 1946 Cyclopedia 1946 Cyclopedia 1946 Cyclopedia

Figure 2¢ NSC Car Enterprise Car Pressed Steel Car

EX1001 at Fig. 2¢; EX1004 at 294 (NSC Car); 292 (Enterprise Car); 290 (Pressed

Steel Car).

E. Interpreting Technical Schematics from the 1940s

54. 1946 Cyclopedia contains four drawings of the NSC ore car, shown

below. EX1004 at 294. These drawings are arranged in accordance with
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conventions that were common in the twentieth century, but that are less common
today in the era of CAD-generated drawings. In three of those drawings, different
sections views are shown on left and right sides and/or the top and bottom portions.

I will therefore briefly explain what is being shown in each of the four drawings.
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55. Top Left Drawing. In the top view (below), the left half is a sectional

view that shows the structure of the lower frame or undercarriage; the upper-right
quadrant shows one half of the “B end” of the car, symmetrically, along the line H-
H, which the side view identifies as sectioning the ore car approximately midway

between the undercarriage and the top of the car; and the lower-right quadrant shows
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atop view from outside the car. Thus, for example, the lower-right quadrant shows

half of one of the two end slope sheets.
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56. Bottom Left Drawing. In the side-view (below), the left half is a

vertical-longitudinal sectional cut that shows the inside the hopper, and the right half
shows a side view from outside the car. Thus, for example, the left half shows the
interior surfaces of the sidewall positioned farther from the reader. The right half

shows the exterior surfaces of the sidewall positioned closer to the reader.
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57. Top Right Drawing. In the end section views (below), the left half

shows a section along the line A-A and the right half shows a section along the line

B-B, both of which are identified in the top view.
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58. Bottom Right Drawing. The final drawing is a simple rear view, though

with certain hidden features shown in dashed lines.
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59.  The NSC ore car can be accurately depicted in these half or quarter
views including because a POSITA would understand that the depicted structure is

symmetrical about its longitudinal and lateral axes. In these drawings, dashed lines

indicate structure hidden behind other structure.
V. SPECIFIC PROPOSED GROUNDS FOR UNPATENTABILITY

A. Ground 1: Claims 1-2 are obvious over Hart and the 1906 Cyclopedia

1. Independent Claim 1

[1a] “A railroad hopper car for carrying particulate
material, said hopper car comprising: a hopper; first and
second end sections for carriage by respective first and
second rail road car trucks for rolling motion along railroad
tracks in a longitudinal direction; said hopper being
suspended between said first and second end sections,”

a.

60. U.S. Patent No. 992,192 was awarded to Harry S. Hart in 1911.

(EX1008) (“Hart™). Hart describes a railway hopper car that he refers to as a “dump
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car.” EX1008 at 1:105 (“car with hopper portions”). Regarding the claimed trucks,
the car of the 515 patent has two trucks, one at each end of the rail car; the patent
explains that “car 20 may have a car body 22 that is carried on trucks 24 for rolling
operation along railroad tracks.” EX1001 at 12:55-57. One truck 24 is shown

below.

14
truck | Fisure 3b

EX1001, Fig. 3b.
61. As shown below, Hart’s Figure 1 illustrates one of the claimed “end

sections™ and two of the four wheels of the truck that supports that end of the car.
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EX1008, Fig. 1.
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62. Hart teaches a hopper comprising a central hopper portion and two
lateral hopper portions. EX1008 at 1:58-108. Although Hart’s Figure 1 shows only
one end of the rail car, the written description refers to the “the ends of the car” in
the plural. See, e.g., id at 2:46-47, 59. The longitudinal ends of the hopper are
formed by “the inclined ends of the car” &’ and the “inclined ends of the hopper
bottom” b°. Id. at 2:46-62. Based on this disclosure, a “POSITA” would have
understood that Hart’s hopper is suspended between two end sections.

b. [1c] “said first end section including a draft sill extending in
the longitudinal direction, a main bolster extending crosswise
to said draft sill, and a shear plate mounted to said draft sill

and to said main bolster, said shear plate extending
lengthwise along said draft sill and cross-wise from side to

side of said hopper car;”

63. The ’515 patent contains an express definition of “draft sill”: “In the
terminology of the industry, the portion of the center sill 44 (be it a stub center sill
or a straight through center sill) that lies longitudinally outboard of the truck center
... may also be referred to as the draft sill.” EX1001 at 14:36-39. Figure 3a of the
’515 patent illustrates a longitidinally oriented draft sill, a main bolster extending

crosswise to the draft sill, and a shear plate mounted on the draft sill and bolster.
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Id., Fig. 3a.

64. Although not discussed in the patent, Hart shows a shear plate (colored
yellow in Figs. 1 and 3). Hart’s shear plate extends a certain distance along the draft
sill, as shown in Fig. 3 below. In addition, Hart states that “Fig. 3 is a plan view of
a portion of our car, certain parts being removed to show the construction of the
underframe.” EX1008 at 1, 21-24. A POSITA would understand that Fig, 3 shows
only one half of the plate, and that the shear plate is attached to each side sill 5* and

extends from side to side.
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Id., Figs. 1, 3.

[1e] said hopper car being free of primary structure directly
above said shear plate of said first end section under said
overhang of said first end slope sheet of said hopper;”

c.

65. As explained above, an open machinery space between shear plate and
slope overahang had been known for a century by 2009. For example, Hart’s end
slope sheet over hangs the shear plate. Hart’s hopper car is also “free of primary
structure directly above” the shear plate and under the overhanging slope sheet. In
the only embodiment disclosed in the *515 patent, the slope sheet is reinforced by

three beams that extend crosswise along the underside of the slope sheet. This may

be seen in Fig. 3a below.
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EX1001, Fig. 3a.

66. Because limitation [le] should be interpreted to cover the only
embodiment disclosed in the *515 patent, the reinforcement beams shown in Fig. 3a
do not prevent the 515 patent’s hopper car from satisfying the “being free of primary
structure” clause of limitation [1¢e].

67. Hart also discloses reinforcement beams that extend crosswise along
the underside of the slope sheet. As with the *515 patent, Hart’s reinforcement
beams do not prevent it from satisfying the “being free of primary structure”
requirement of limitation [1e].

68. As shown below, Hart’s slope sheet is supported by beams that extend

crosswise along the underside of the slope sheet. EX1008, Figs. 1, 2.

36

IPR2025-01046, 47 - National Steel Car Limited Exhibit 2057 FreightCar America’ Ex. 1003
FreightCar America Inc. v. National Steel Car Limited

Page 479 IPR Petition - USP 8,132,515



slope sheet Hart Fig. 1

¢ 0O 0 © 0.0 ol
R et

heam |

g
3t e ——

4 oo """—.'...-.-:_:-- =

R R L B e R |
Oc - . o Q i
i o9 ft

:-‘:-z-"‘-'--'_-z e —:;—— fimt
- e - -
shear plate
/0 [

Ty LT B et s é PI" DK i'

i K2 ' & H &8 H x .
ff - R : - || stope Hart Fig. 2
'.'.'.'.'-'-‘.'.'-'.'9.' 1‘

B L A : sheet
:_fé:’:’-?.-- ------- T 5 e % L“l i'g- i
(A} A
it 7 fH 1 8 S—
i ; it sHppers
it y ." pr U 5 ibeam:
HH I3 ¢ o ST s,
""’lwl‘l Ll_!.-l..!_.'..l.‘"} 4 E:i- ]
C X at [ middle |
........ i ' beam
:::f{.:f )y 2 lower
T Py beam

aig™ Z

'vr-wz-:m--''_'""}i:~h '"-SE_-';"-:'@' S o

37
FreightCar America, Ex. 1003

IPR2025-01046, 47 - National Steel Car Limited Exhibit 2057
FreightCar America Inc. v. National Steel Car Limited IPR Petition - USP 8’132,515

Page 480



69. Hart’s slope sheet is not supported by elephant ears {e.g., triangular
longitudinal plates, struts, transverse plates, or any other primary structure directly
above the shear plate and below the slope sheet. This can be seen in Figs. 1;2 above.
Those figures show three other structures at the end of the rail car: (corner) post &5,
(side) post d’, and inclined brace b’. See id, Fig. 1. However, none of these
structures is in the claimed location.

70.  Corner post b®is not directly above the shear plate, but longitudinally
outboard of the shear plate at the corner of the railcar, as shown in Fig. 1 above. Id.,
Fig. 1.

71.  Side post 4’ is mounted on the outside of side sill 5%, laterally outboard
of the shear plate, as shown in Fig. 2 below. As the figure shows, the shear plate is |
attached to a flange that is laterally inward of the side sill, while (side) post 4’ is

laterally outward of the side sill.
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72. Inclined brace 4 is mounted to the side sill and extends upwards in a
vertical plane, without extending laterally inward into the machinery space or above
the shear plate. First, if inclined brace 47 extended laterally inward, it would be
visible in Fig. 2, an upper plan view of the hopper car. Id. But it is not shown there.

73.  Second, inclined braces such as brace b” were often used to support the
ends of a transverse beam, just as brace 57 supports the ends of beam b°. Jd. Insuch
cases, the lower end of the inclined brace is mounted to the side sill, and no part of

the inclined brace extends laterally inward of the sill. Id The 1906 Car Builder’s
Dictionary, a handbook for train manufacturers (“the 1906 Cyclopedia”), contains a
photograph of a railcar manufactured by the Cambria Steel Co. (“the Cambria Steel

car”) with this sort of inclined brace for supporting the ends of a transverse beam:
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transverse beam

side sill inclined braces extend from side
sills to ends of transverse beam

EX1009 at 13, Fig. 53.

74.  Thus, like the 515 patent, Hart teaches supporting the slope sheet with
transverse beams, without relying on primary structure directly over the shear plate
or in the machinery space. Hart therefore discloses limitation [1e].

75.  Even if Hart did not disclose that its inclined brace is laterally outboard
of the shear plate, it would have been obvious to mount the brace to the outside of
the side sill, as in the 1906 Cyclopedia, so that it would not be directly above the
shear plate or in the machinery space. Additionally, separating the braces as far apart
as possibly offers the most resistance to warping and tortional distortion. A POSITA

would have been motivated to do this to create a strong base for the braces.
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d. [1f] “one of: (a) said first end slope sheet has an upper
margin and said hopper car includes an end post extending
upwardly from said draft sill to said upper margin of said
first end slope sheet; and (b) said first end slope sheet has
an upper margin terminating at an end wall, and said
hopper car includes an end post extending upwardly from

draft stub sill! to said end wall;”

76. The 1906 Cyclopedia’s Cambria Steel car discloses option (b) of this

limitation, as shown below.

20~ s -
’ 3 e upper margin of i ———
: . PP g upper margin of I end.wall | l_end post !

slope shest slope sheet

EX1001, Fig. 1; EX1009 at 13, Fig. 53
77. It would have been obvious to modify Hart to add an end wall supported
by an end post, as in the Cambria Steel car. The modification could be made either

(i) by leaving the end slope sheets in place and increasing the overall height of the

! The *515 patent uses “draft sill” and “stub sill” interchangeably. EX1001 at
17:32-33 (“draft sill (i.e., the stub sill)”).
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hopper; or (ii) by reducing the inclination of the slope sheets so that their outboard
ends terminate at a lower height (i.e., lower along the end wall).

78. A POSITA would have had reason to modify Hart to incorporate an end
wall supported by an end post extending upward from the draft sill, as in the Cambria
Steel car. First, doing so would increase the hopper’s volume without increasing the
rail car’s length or width (or even its height, if the end wall is added by lowering the
slope sheets).

79. Second, by 2009, end walls were common and well-known optional
features of hopper cars. Indeed, end walls were common and well-known even by
1906, a century before the *515 patent application, as demonstrated by the many
examples below of hopper cars with end walls shown from the 1906 Cyclopedia.
Each of the examples below has at least one end post supporting the end wall, either
a single end post extending upward from the center of the draft sill, or two posts

extending from the left and right sides of the draft sill.
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EX1009 at 14, Fig. 54.

end wall

end wall

Id. at 14, Fig. 55.
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end wall

end wall
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Id. at 14, Fig. 56.
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80. Third, incorporating an end wall and post (as in the Cambria Steel car)
in Hart’s design would have been obvious to a POSITA because it is one of a finite
number of well-understood options for the end of a hopper car, i.e., (i) incorporating
an end wall or (ii) extending the slope sheet to the top cord. The routine design
choice between these two options is governed by balancing well-understood
considerations, e.g., maintaining the desired maximum exterior dimensions of the
railcar, maximizing the capacity of the hopper, supporting the loads carried by the
slope sheet and hopper doors, and maximizing the car’s efficiency in discharging its
intended lading.

81. Because end walls had been commonplace for a century before 2009, a
POSITA would have had a reasonable expectation of success in incorporating an

end wall in Hart’s design.

e. [1g] “said shear plate has a longitudinally outboard margin
and said draft sill has a striker located outboard of said
longitudinally outboard margin of said shear plate, and said
end post is one of: (a) rooted to said draft sill adjacent to said
striker; (b) rooted to said shear plate adjacent to said
longitudinally outboard margin of said shear plate;”

82. Strikers or “strike plates” are plates mounted on the outward end of a
draft sill to protect the rail car from impact with the coupler that connects the
adjacent rail car. Strikers are standard components on rail cars, and the distance
between the strikers is a common measure of a rail car’s length. The 515 patent

discloses a striker 88 at the end of draft sill 44, as shown below.
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/ 183
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EX1001, Fig. 3a.

83. Hart discloses a structure attached to end of its draft sill, as shown

below.

3 Inclined end
& of the car

F

T .

EX1008, Fig. 1. A POSITA would understand that the structure attached to the end
of the draft sill is a striker.
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84. Strikers were standard features on rail cars for decades before the
critical date in 2009. The 1946 Cyclopedia defines “striker” and “striking plate™ to
mean: “A member placed on the ends of the center sills of freight cars against which
the horn of the coupler strikes, preventing damage to the draft gear and center sills.”

Ex1004 at 62. The reference shows many examples of strikers, including the

following:
: e \ / ™ = mumsr:bmw
[\l‘ | strikers (\I
“Striker with Integral “Swing Motion Striker
Front Lugs'arid Swing with integral Front.
Coupler Carrier.” Lugs.”
Id at 972.

striker ? -
- —

“Striker with Integral
Carrier and Front Draft
Lugs[.] A.A.R: Plate No.

532”
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Id at 973; see also id. at 1136.

85.  As the definition suggests, strikers protect the rail car from impact with
the couplers that connect adjacent rail cars. For this reason, strikers are typically
placed at the end of the center sill (in this case, the draft sill), which is longitudinally
outboard of the longitudinally outboard margin of the shear plate. A POSITA would
have wanted to use a striker in its customary position outboard of the shear plate to
protect the draft sills from damage.

86. As shown below, the 1946 Cyclopedia frequently identifies strikers

when calling out the longitudinal length of cars “over strikers” or “over striking

plates.”
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Id. at 254. See also 262,276, 280. Because strikers protect the rail car from impact
with the couplers that connect adjacent rail cars, they are typically placed at the end

of the draft sill and therefore longitudinally outboard of truck center.
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87.

Further, as shown below, the 1946 Cyclopedia’s NSC ore car explicitly

discloses a striker on the end of each draft sill, and therefore outboard of the shear

plate.
. —-——————‘-3-_-8'4‘5'0?; Cor: Postg— ————————
2% ~— 1B —re-ld i« 14
¥ S (L i 3 5 e, Y
.‘F ) : rrsF i 7 S —
f—ti— w}
f_,‘n 4] Q i
|£ B 7 “ " u-$
I ‘l
x Lo < 4 If
.'.‘-,iv- ’:g of H
| $ ‘
Y
T ¥
ol |
& |
: e
x i
kS !
of T NS L—¥
t:o g‘ ':; :
2.3 )
T P.‘fg i :,é
R | e e L LECTEE T
N 3
; | 0 i
striker o ~ 1
SJ [y - ._i
{ 'E _ ¢ Coupler Jg_.
[ . |
I ——l geyver, Jacking Plates 'zl
c - w2 & =)
¥ e 3 5
] | |
Yy Y ¥ ¥
el length o SO 20SYPITEE oo o afoy
T e e Y £ T e ST I}.B.LI
M X H o fR ] l |
o} |4 of fui A by
11 Side[Sheet i ,;: o2l |\
IRE o} tel
| |-
i ] *) H"
b .'}“u A7) T RS J:v
13 i R 4
: [ Side Slope Sheet . [T 7 i! o I
e ] v N
(M= oemtif-— iz
B o --120_1;1-’;{94 i1 5o =AY
draft et TS eV e q" & N
i : I Al ; )
sill ; T Co‘r\rvtimmus ] & [ === b
3 e . :p_,_F_zi,".
- = 4 C
i e _x'elt -
striker oy Deer Openiog S
32— o 152" TR Carmtere.

truck center

IPR2025-01046, 47 - National Steel Car Limited Exhibit 2057
FreightCar America Inc. v. National Steel Car Limited

Page 492

49

246" Pulling Face of Couplers——

FreightCar America, Ex. 1003
IPR Petition - USP 8,132,515




Id. at 294,
88. The 1906 Cyclopedia’s Cambria Steel car also discloses a striker at the

end of the draft sill, as shown below.

NS 3 X

TR DIAPT GEAR, °

FRIC

a-"")
' striker

. s
Tt F o EN

draft stub sill

EX1009 at 13, Fig. 53. As the photograph shows, the striker plate is attached to the
end of the draft sill with rivets.

89. Even if Hart did not expressly disclose a striker at the end of its draft
sill, it would have been obvious to add one, as in the Cambria Steel car. A POSITA
would have been motivated to do so because a striker is a standard component that
protects the rail car from damage. Adding a striker plate is a simple matter that

would have posed no challenge to a POSITA in 2009.
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90. Finally, as discussed above in connection with limitation [1{], it would
have been obvious to modify Hart to add an end wall supported by an end post
extending from the draft sill, as in the 1906 Cyclopedia’s Cambria Steel car.
EX1009 at 13, Fig. 53. That end post would be “rooted to said draft sill adjacent to

said striker,” as recited in limitation [1g].

f. [1h] “said bolster has first and second laterally outboard
distal ends, and said hopper car has corner posts extending
upwardly from said distal ends of said bolster to said first

end slope sheet; and”

91. The ’515 patent figures show corner posts extending upward generally

from the longitudinal position of the bolster:

PN
24 J10z ¥
18" 16075

cotner, 5
mposty %0 /

EX1001, Figs. 1, 3b.

M

92. Hart discloses corner posts, denominated “supporting post 4',” that

extend upward from the ends of the bolster, as shown below.
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See EX1008, Figs. 1, 3.
g. [1i] “said hopper car has a machinery space bounded by (a)
said first end slope sheet; (b) said shear plate of said first
end section; (¢) said end post; and (d) said corner posts, and
said machinery space is free of any other primary
structure.”

93. Hart discloses this limitation. Hart’s hopper car has no primary
structure within the the area defined by the shear plate, slope sheet, corner posts and
end post. As discussed in connection with limitation [1e], Hart discloses transverse
beams extending along the underside of the slope sheet, just like the *515 patent.
See supra, at § V.A.l.c. Hart also discloses inclined braces and true corner posts

that are at the sides of the car, rather than in the machinery space, just like the corner

posts of the *515 patent. /d. Further, modifying Hart to add an end post, as discussed
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above, would not add any structure to the machinery space, which is longitudinally
inward of the end post.

94. Finally, even if one of these structures were deemed to slightly impinge
upon the machinery space, they would be no different than the ’515 patent’s
transverse beams, which extend slightly below the slope sheet. If Claim 1 is
construed so that it covers the preferred embodiment, as it should be, then a
machinery space is free of primary structure even if primary structure at the
perimeter of the machinery space extends a de minimis amount into that space.
Alternatively, it would have been obvious to shift Hart’s true corner posts or inclined
braces slightly outward, or the above-bolster corner posts d’ inward, as the precise
positions and points of attachment of these structures is a matter of design choice.

B. Ground 2: Claim 3 is obvious over Hart, the 1906 Cyclopedia and
Schuller,

1. Dependent Claim 3: “The railroad hopper car of claim 1 wherein:
said hopper car has at least one longitudinally hinged discharge
door, said discharge door being movable cross-wise between open
and closed positions; and a longitudinally acting pneumatic
actuator is at least partially lodged in said machinery space directly

above said draft sill.”

95. Hart teaches “longitudinally hinged” discharge doors that are “movable
cross-wise between open and closed positions,” as claimed. In Hart, “[t]he central

hopper is provided with doors g provided upon their under sides with braces A"”
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EX1008 at 1:72-77. “Suitably hinged, as at f’ to the sides of the car, are doors f so

hinged as to swing outwardly when released.” /d. at 1:88-91.

o R B Wl S WA S Yo o v - A A |

I NI R B K

Id., Fig. 4. To operate the doors, Hart uses longitudinal shafts (e.g., /2 /7, g") and
chains (f*, f°, &). Id. at 2:11-62.

96. Schuller also discloses longitudinally hinged discharge doors: “Hopper
doors 14 are pivoted on a longitudinal axis and open downward to discharge lading.”
EX1014 at 1:53—54. Schuller teaches using a “pneumatic cylinder means operative
upon a door opening lever mechanism for opening and closing of pivoted discharge
doors” Id., claim 1. As shown below, Schuller’s pneumatic actuator acts
longitudinally by moving lever 52 longitudinally, which in turn moves other

components of the drive train longitudinally in order to open or close the hopper

doors.
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EX1014, Figs. 1, 5. Finally, as Fig. 1 shows, Schuller’s pneumatic cylinder 18 is
mounted in a machinery space. It is also directly above the draft sill. 7d, at 2:7-9
(supporting means 27, shown directly below the pneumatic cylinder in Fig. 5, is
“attached to the top 29 of the center sill 12”).

97. It would have been obvious in 2009 to replace Hart’s longitudinally
hinged doors and door-opening mechanism with doors and a door-opening
mechanism like Schuller’s. In 2009, a POSITA would have wanted to update Hart’s
century-old, manually operated door-opening mechanism by at least partially
automating the door-opening process, to reduce the manual labor required and the
risk of injury. In addition, in 2009, a POSITA would not have needed Hart’s side
doors £, because by 2009 virtually all railyards were arranged to facilitate discharge

through the bottom center of the rail car, as taught by Schuller. A POSITA therefore

would have been motivated to use Schuller’s conventional hopper doors and
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automated door-operating mechanism. With this obvious modification, Hart would
satisfy claim 3.

C. Ground 3: Claim 4 is obvious over Hart, the 1906 Cyclopedia, Schuller
and Karig.

1. Dependent Claim 4: “The railroad hopper car of claim 3 wherein a
brake reservoir is also at least partially lodged in said machinery
space.”

98. Lodging the brake reservoir in the machinery space has been
conventional for decades. For example, Karig discloses multiple hopper cars with
this conventional configuration. See, e.g., EX1016 at 127, 129. One such example
is shown below.
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Id. at 129 (annotations in the original).

99. By 2009, it would have been obvious to use a conventional air brake
system in Hart’s design, and to lodge the brake reservoir in the conventional place,
i.e., in the machinery space at one end of the rail car. So modified, Hart’s design

would embody the limitation of claim 4.
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D. Ground 4: Claims 5-6 are obvious over Hart, the 1906 Cyclopedia and
Campbell *652.

1. Dependent Claim 5

a. [5a] “The railroad hopper car of claim 1 wherein: said shear
plate is mounted above, and to, said main bolster and defines an
upper flange thereof;”

100. Hart discloses this limitation, as shown below.
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EX1008, Figs. 1, 3.

b. [5b] “said main bolster has a lower flange downwardly spaced
from said upper flange, said lower flange terminating at
respective distal end portions at either side of said car;”

101. Hart discloses this limitation. Fig. 1 below shows that Hart’s bolster
has upper and lower flanges, and Fig. 3 above shows that Hart’s bolster extends from

one side of the rail car to the other.
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EX1008, Fig. 1 (detail).

¢. [5¢c] “said car includes a side sill running along said car between
said first and second end sections;”

102. Hart discloses this limitation. As shown below, Hart discloses “a short

side sill #?*’ extending longitudinally along the sides of the rail car. EX1008 at

1:96-99.
35” - 4 short side sill 5'«’-’0
: S b e FHY A .
a3k v_ﬁs" ] ‘7‘:3 A \
| v IO { ST - i
end sill | v o Ty =
Pad | s 3 ¥ o ' F2 Il
N &7 N o [ [ I
FASEBOS  a— c’
. -

3 ;
e = S : - 1 ‘A -
- j L H- {
‘//“‘, : » . s / ey - i T‘/_:

. 3“3.0 I
+ == i £ i v,

o L] |

o b shortsidesitt| '

" M 4
b 'E . . é -i,/d il
L (nrerorr crn s M A= 5

560

Id., Fig. 3. Based on Fig. 3, particularly the location of the three labels 4%, the side

sills extend the entire length of the car. A POSITA would therefore understand the
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modifier “short” in “short side sill” to refer to the side sill’s height in the vertical

direction.

103. Even if Hart did not disclose side sills that extended from one end

section to another, such side sills were commonplace long before 2009. This is

reflected in the 1906 Cyclopedia, which contains many examples of hopper cars with

such side sills, including the following:
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EX1009 at 14, Figs. 54, 55. A POSITA would have been motivated to modify Hart

to include such side sills, because doing so would provide greater strength to the

undercarriage or base of the hopper car.

d. [5d] “said side sill has an upper flange, said upper flange of said
side sill being substantially co-planar with, and connected to,
said shear plate; and”

104. As shown in Fig. 1 above, Hart discloses an undercarriage design in

which the shear plate is substantially coplanar with the upper flange of the bolster.

Hart’s figures do not show the vertical position of the flanges of the side sills.

However, as shown below, Campbell *652 teaches a side sill whose upper flange is

substantially coplanar with and connected to the shear plate.

shear plate

draft sill i~

23 /25 29

f Oz S50 3
zz l.'i o 3 "~ CaN H
S6 i - -
257 - % 1.
2 57 57 /3238 -

Campbell *652 Fig. 1

side sill

lower flange of bolster

EX1013, Fig. 1 (detail). It would have been obvious to make Hart’s side sill flanges,

shear plate, bolster flanges and draft sill substantially coplanar with one another, as

in Campbell ’652, to facilitate their interconnection to form a single strong

undercarriage structure.
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e. [Se] “said side sill has a lower flange, said lower flange of said
side sill being substantially co-planar with a respective one of
said distal end portions of said lower flange of said main
bolster.”

105. As discussed above in connection with limitation [5d], it would have
been obvious to select an& position side sills such that Hart’s side sill flanges, shear
plate, draft sill and bolster flanges are substantially coplanar with one another, as in
Campbell 652,

E. Ground 5: Claims 7-16, 20-23, 24-28, and 30-31 are obvious over Hart
in view of the 1906 Cyclopedia and Wong.

1. Independent Claim 7

a. [7h] “said hopper car has a first end wall member running
cross-wise between said first and second side walls; said first
end slope sheet has an upper margin that meets said first end
wall member at a first junction; said first end wall member
extends upwardly from said first junction; said first end wall
member has a lower portion extending downward of said
first junction; said lower portion of said first end wall
member and said upper margin of said first end slope sheet
co-operate to define portions of the cross-section of a second
hollow section beam extending cross-wise across said hopper
car between said first and second side walls.”

106. As discussed above in connection with limitation [1f], it would have
been obvious to modify Hart to add an end wﬁll supported by an end post extending
from the draft sill, as in the 1906 Cyclopedia’s Cambria Steel car.

107. Wong discloses an end wall and a hollow section beam defined by the

lower portion of the end wall and the slope sheet, as shown below.
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EX1006, Fig. 4.

108. It would have been obvious to modify Hart to further support the upper,
outboard end of the slope sheet with a cross-wise, L-shaped beam as in Wong. A
POSITA would have been motivated to make the modification because Wong and
the Hart are in the same field, and because a POSITA would have understood the
benefits of reinforcing the slope sheet at its upper end, where its connection with
another structure creates a stress concentration. In addition, the fact that Hart had a
transverse beam for supporting the upper end of the slope sheet, before the
modification to add an end wall, would have suggested supporting the upper end of
the modified design with a transverse beam. A POSITA would have had a
reasonable expectation of success in making this modification because it would be a

straightforward addition of a simple structure, as shown below.
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EX1008, Fig. 1 (detail) (modified).

2. Dependent Claim 9: “The railroad hopper car of claim 7 wherein
said laterally extending member has a pair of first and second
spaced apart toes, and said laterally extending member is
mounted toes-in against said first end slope sheet, whereby said
first hollow section beam is defined by said laterally extending
reinforcement and said first end slope sheet.

109. Hart’s transverse brace member b? is an angle iron mounted “toes-in”
against the shear plate. However, Wong discloses a hollow beam (“‘channel stiffener

member 68”) mounted “toes-in” along the underside of the slope sheet, as shown

below.
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EX 1006, Fig. 4.

110. A POSITA would have found it obvious to rotate Hart’s lower beam so

that its toes were oriented toward the slope sheet instead of the shear plate. A

POSITA would have considered the orientation of the support beam to be a matter

of design choice, and would have thought to try the claimed orientation because there

are only a finite—and very limited—number of ways to orient an L-shaped beam

such as Hart’s lower support beam. The POSITA would have had a reasonable

expectation of success, because the modification is very simple. It involves simply

re-orienting the angle iron, as shown below.
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See EX1008, Fig. 1 (detail) (modified).
3. Dependent Claim 11: “The railroad hopper car of claim 10

wherein said laterally extending reinforcement is an angle iron
mounted toes-in to said first end slope sheet.”

111. The written description of the 515 patent never uses the term “angle
iron.” EX1001. However, a POSITA would understand the term to refer to “a piece
of structural steel rolled with an L-shaped section” (quoting Merriam Webster).2
Applying this definition, or any reasonable definition, Hart’s lower support beam

satisfies the limitation of Claim 11.

2 The definition is available at www.merriam-webster.com/dictionary/angle%20iron.
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4. Dependent Claim 16: “The railroad hopper car of claim 15
wherein said intermediate beam includes a cross-wise extending
structural member mounted toes-in against said first end slope
sheet to define a closed hollow section.”

112. Wong’s “channel stiffener members” are mounted to the slope sheet

“toes-in,” as shown below.

channel stiffener’
members

Jf

q

EX1006, Fig. 4. 1t would have been obvious to a POSITA in 2009 to mount Hart’s
intermediate beam “toes-in,” as in Wong, to obtain the greater strength and weight
savings afforded by a hollow beam structure, and because there are only a finite
number of orientations the beam can have with respect the slope sheet. A POSITA
would have a reasonable expectation of success in making this modification because

of its simplicity. The modified version of Hart is shown below.
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EX1008, Fig. 1 (modified).
5. Independent Claim 24

a. 24[g] “said draft sill having longitudinally extending draft
sill webs;”

113. The ’515 patent states that “the draft sill has a pair of vertically oriented,
longitudinally running spaced apart side webs.” EX1001 at 10:16-17. Hart states
that “draft beams c* are connected to the end sill and to the bolster.” EX1008 at

1:101-03. Those beams have vertical webs:
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Id., Figs. 1, 3.

F. Ground 6: Claims 17-19 are obvious over Hart in view of the 1906
Cyclopedia, Wong and Campbell *051

1. Dependent Claim 17: “The railroad hopper car of claim 7 wherein
said first and second side walls of said hopper car define sidewalls
of said hopper, and said first and second side walls include end
portions that are stepped laterally inboard, and said second
hollow section beam extends between said end portions of said
first and second side walls that are stepped laterally inboard.”

114. The ’515 patent illustrates side walls with end portions that are stepped

laterally inboard:
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92

inwardiy-stepped ptate
. memkber f elephant ear
S
(]

S

EX1001, Fig. 2a. However, stepped side walls were well known long before 2009.

As shown below, they were disclosed by Campbell as early as 1925.

_inwardly
"affset
.section

, :
T — Fia !
EX1012, Figs. 1, 2. Campbell *051 explains that the purpose of the stepped design

“is to provide a car . . . having the maximum over-all width possible,” id. at 1:14—
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23, while also having an “offset section 18 for the purpose of accommodating the
usual ladder rungs 23 within the permissible overall width of the car,” id. at 1:90-
94. A POSITA in 2009 would have been motivated to modify Hart to provide
stepped end portions of the side walls, in order to obtain these benefits, and would
have had a reasonable expectation of success in making this simple modiﬁcation..

2. Dependent Claim 19: “The railroad hopper car of claim 18
wherein: there is an end wall that extends from sidewall to sidewall;
said end wall has an upper portion that has an upper margin
terminating at a top chord of said end wall; said first end slope
sheet has an uppermost margin, said uppermost margin of said
first end slope sheet meeting said end wall along a first juncture;
said end wall has a lower portion extending below said first
juncture, said lower portion being bent to define a portion of said
second hollow section beam; and said end post extends past said
second hollow section beam along said end wall to mate with said
top chord of said end wall.”

115. As discussed above in connection with limitation [1f], it would have
been obvious to modify Hart to add an end wall supported by an end post extending
from the draft sill, as in the 1906 Cyclopedia’s Cambria Steel car. The end post of
the Cambria Steel does not extend all the way to the top chord of the end wall.
EX1009 at 13, Fig. 53. waever, as shown below, the 1906 Cyclopedia also shows
a hopper car made by the Standard Steel Car Co. (“the Standard Steel car”) that has
two end posts extending from the left and right sides of the draft sill. /d. at 14, Fig.

55. These end posts extend all the way to the top chord.
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top chord end posts

draft sill

Id

116. A POSITA would have been motivated to extend the end post in the
modified Hart design to the top chord because the chord is a secure and logical
structure for attaching the upper end of the end post. In addition, a POSITA would
have thought to attach the end post to the top chord because end posts are typically
attached either to the top chord or, if the rail car has an end wall, to the lower portion
of the end wall. Choosing one of these two common options is a simple design
choice that would immediately occur to a POSITA. Finally, a POSITA would have
a reasonable expectation of success in attaching the upper end of the end post to the

top chord. The modified Hart design, shown below, would embody Claim 19.
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end post
(modification)

draft sill

EX1008, Fig. 1 (detail) (modified).

G. Ground 7: Claims 21-22 and 29 are obvious over Hart in view of the
1906 Cyclopedia, Wong and Schuller.,

1. Dependent Claim 21: “The railroad hopper car of claim 20
wherein: said hopper has a movable door by which egress of lading
is governed; said hopper car has an actuator and a drive train, said
drive train being connected between said actuator and said door,
said actuator being operable to move said door; and said actuator
is mounted in said machinery space.”

117. As discussed above in connection with Claim 3, it would have been
obvious in 2009 to replace Hart’s longitudinally hinged doors and door-opening
mechanism with doors and a door-opening mechanism like Schuller’s. Claim 21

also requires (i) a drive train that connects the actuator and the hopper doors, and (ii)

12
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that the actuator be “mounted in,” rather than *at least partially lodged in,” the

machinery space. Schuller discloses both of these claim elements, as shown below.

. .. L .
T o e Ty

piston Tod |l lee
prieumatlc eylinder:
[ e
.| |idrive lever: il |8 . 1l
‘drive train RS :
=
7-_-: ' ) '2
. sl L] ,
IL 1
C ' \ ! \
\ \ J
N\ :/ Y. / 13
Ba / !
- 1l il
| hoppet daof I I ‘door operating struts or arms: I

EX1014, Fig. 1. A POSITA would have understood that Schuller’s pneumatic
actuator, used with Hart’s design, should be mounted in Hart’s machinery space.

H. Ground 8: Claims 32-34 are obvious over Lindstrém in view of Wong,
Ratcliffe 1 and Hart.

1. Independent Claim 32

a. [32a] “A railroad hopper car, said hopper car comprising: a
hopper; first and second end sections for carriage by
respective first and second rail road car trucks for rolling
motion along railroad tracks in a longitudinal direction; said
hopper being suspended between said first and second end

sections,”

118. U.S. Patent No. 1,321,928 was granted to Charles A. Lindstrém on

Nov. 18, 1919. EX1005 (“Lindstrom”). Lindstrom discloses a “dump car,” a
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railroad hopper car that discharges lading through “discharge doors 48.” Id. at
3:123-25 (“referring to “track rails”), 4:64 (“discharge doors 48”), 2:56—59 (the car
permits “the free discharge of the lading through the single central unobstructed

discharge opening 22”). Lindstrom discloses limitation [32a], as shown below.
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Id., Fig. 2.

b. [32b] “said hopper having a discharge section through which
to release lading, and a first end slope sheet oriented toward
said first end section, said first end slope sheet being inclined
in the longitudinal direction to feed said discharge section;”

119. Lindstrdm discloses limitation [32b], as shown below. Lindstrom’s
slope sheet, which he calls “sloping end floor 20,” comprises a center portion 44 and
two side portions 43. Id. at 2:52, 3:74-77. In addition, each of Lindstrém’s side
walls (21) includes a side slope sheet denominated “sloping floor plate 24” that is

also inclined toward the lower discharge. Id. at 2:84—89.
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Id., Figs. 2, 5.

75

IPR2025-01046, 47 - National Steel Car Limited Exhibit 2057
FreightCar America Inc. v. National Steel Car Limited
Page 518

FreightCar America, Ex. 1003
IPR Petition - USP 8,132,515



c. [32¢] “said first end section including a draft sill extending
in the Iongitudinal direction, said draft sill having first and
second spaced apart longitudinally running draft sill webs
and a draft pocket defined therebetween;”

120. Lindstrém discloses limitation [32c], as shown below.

«{ draft sill

\ N FOGG 0N
N 7

AVE

i

- | draft sill |
S o {erde oF webs' .

GO - BB
]

Roa) 7360 | 50 ' ad T By R9 -
157 " - 8P 89 zsaz o

Id , Fig. 3.

d. [32d] “said first end section including a main bolster
extending cross-wise to said draft sill; said first end section
having a truck center where said main bolster meets said
draft sill; said draft sill having a striker end longitudinally
outboard of said truck center; said first end section including
a shear plate; said shear plate overlying said draft sill webs
and said main bolster, said shear plate extending
longitudinally along said draft sill and cross-wise from side
to side of said hopper car; said shear plate having an
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outboard margin running across said car distant from said
truck center and proximate said striker end;”

121. Lindstrém discloses limitation [32d]. The ’515 patent discloses shear
plate 76, which it describes as “defining the top cover plate” of the stub draft sill,
extending “laterally from side sill to side sill,” and extending longitudinally from the
slope sheet to end sill 78. EX1001 at 14:12—-18. The corresponding structure in
Lindstrom comprises three plates that together are Lindstrém’s shear plate: plate 6,
plate 16 and plate 17. Atthe inboard ends of plates 16 and 17 are downwardly angled
flanges 19 that are riveted to the underside of the slope sheet, specifically, to the
sloping end plates of the slope sheet. EX1005 at 2:36-39, 4:29-33. As shown
below, Lindstrém discloses the bolster, draft sill and shear plate recited in the first

five clauses of limitation [32d].
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EX1005, Fig. 3.

122, The final clause of limitation [32d] requires the outboard margin of the
shear plate to be proximate the striker and distant from truck center. Lindstrém
teaches that plate 10 optionally may be formed as part of plate 6, which is part of the
shear plate. EX1005 at 2:4-8 (“These [draft] sills 1, 1 are further strengthened and
braced by a member 10 which is preferably in the form of a flat plate. This member

10 may be a continuation or part of the horizontal plate 6.”). In this embodiment of
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Lindstrom, shown below, the shear plate’s outer margin is proximate the striker 8

and distant from truck center.

bolster

striker |

outboard
margin of
(extended)
shear plate

shear plate

draft sill J-"%

I, Fig. 3.

truck center

it
ST

-
b

e. [32¢] “said first end slope sheet over-hanging said shear plate

of said first end section;”

123. Lindstrém discloses limitation [32e], as shown below.
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Id., Fig. 2.
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[32f] first and second side walls running lengthwise along
first and second sides of said car, said first end slope sheet of
said hopper extending cross-wise between said first and

second side walls;

124. Lindstrom discloses limitation [32f], as shown below.
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127. It would have been obvious to modify Lindstrém’s design to support
the upper margin of the slope sheet with a crosswise, hollow beam as in Wong. A
POSITA would have been motivated to make the modification because Wong and
Lindstrém are in the same field, and because a POSITA would have understood the
benefits of further reinforcing the slope sheet at its upper end, where its connection
with another structure creates a stress concentration.

128. A POSITA would have had a reasonable expectation of success in
making this modification because it is a straightforward modification of Lindstréom’s
existing end wall 30. EX1001 at 2:123-27 (plate 30 “forms an end wall of the car
body”). Specifically, Lindstrom’s end wall would have been slightly lengthened and

bent inward at its lower end, as shown below.

Temdwal | 4o 6
R JI : Ja
modified o] - - T
‘formibeam ;;‘;’;,',;:;‘T:;'i‘_“";;‘;:;;.?sﬁ:f:; ——
\ i ;
. N N .
upper-end of R X . A6 .
slope sheet \ o o
' X & 23
Ro~TT 78 ' N '
o i 3¢ } 55 e, 6 oo
a5 b ITRNIS <3 \ 88
- . - ’r' — - Ix 6’ [} \ =)
EENAP I} S#186 @ 25
[ 13 "‘._33 /1, N C . V. . .
g i - —
g | I . it T .
lower end of , P NT 8 "_i N Nl
Y v 18 ER S S WGP
slope sheet Ch 3 R o 6,__...?‘3(;:\\:\j$ \)}L.;Fl.:’_
./"'" N e - AW
. Y . R
/ A\ T I/ . -
EX1003, Fig. 2 (modified).
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h.  [32h] “said first end wall is surmounted by a cross-wise
running top chord; said first end wall includes a panel

extending downwardly from said cross-wise running top
chord;”

129. Lindstrom discloses this [imitation, as shown below.
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Id, Figs. 1, 6.
i. [32i] “said first end section includes an end post extending

upwardly of said draft sill, said end post being mounted
above said draft sill distant from said truck center and
proximate said striker end; said end post extending
upwardly to meet said first beam and said top chord;”

130. Ratcliffe 1 discloses a British hopper car owned by Tarmac Roadstone
which, according to Radcliffe, was manufactured by the Standard Wagon Company
in 1974. EX1017 at 55. As shown below, the Tarmac Roadstone car discloses three
end posts extending from the laterally outboard margin of the shear plate to the lower

margin of the end wall. /d Because the central post is located at the lateral center
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of the shear plate (and the rail car), a POSITA would have understood that the post

is positioned above the draft sill.

slope sheet end wall

Ratcliffe 1 — Tarmac Stone shear plate end post

Hopper
EX1017 at 35.

131. It would have been obvious to modify Lindstrém to incorporate an end
post like the central end post in Ratcliffe 1 (either alone or with an end post on each
side) in order to support the longitudinal end of the rail car, e.g., because the presence
of the end waIl.creates extra loads at the end of the car, as compared to designs where
the slope sheet extends to the end top chord. A POSITA would have been motivated
to place the base of the end post as close as possible to the outboard margin of the

draft sill, as in Ratcliffe 1, in order to maximize the usable space of the shear-plate
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platform. In that position, the end post would be proximate Lindstrém’s striker and

distant from Lindstrém’s truck center, as shown below.

end wall (madified)

topichord

end post
(modification)

striker

truck center

EX1005, Fig. 6 (modified).

J- [32j] “said first end section being free of longitudinally
oriented elephant ears extending upwardly of said draft sill
webs of said draft sill to meet said first end slope sheet;”

132. As discussed above, the *515 patent defines elephant ears as “large,
substantially triangular planar plates.” EX1001 at 14:61-67. As shown below,
Lindstrom’s slope sheets are supported not by elephant ears, but by larger strut 53

and a smaller strut 54, EX1005 at 4:34-42.
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EX1005, Fig. 6. In addition, the smaller strut does not extend between the draft sill

and the slope sheet. Id. Thus, Lindstrém discloses limitation [32;].

k. [32k] “said hopper car having a second beam extending
cross-wise between said first and second side walls, said
second beam being a beam of hollow section; and said second
beam being connected to said shear plate.”

133. Hart also discloses a crosswise, hollow reinforcement beam

(“transverse member »*’), as shown below.
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EX1008, Figs. 1-2. It would have been obvious to modify Lindstrém’s design to
further support the lower end of the slope sheet with a crosswise, hollow beam as in
Hart. The beam could be formed of two parts and placed just longitudinally outboard
of the flanges 19 that connect the slope sheet and the shear plate. A POSITA would
have been motivated to make the modification to further reinforce the slope sheet at
its lower end, where its connection with another structure creates a stress
concentration. A POSITA would have had a reasonable expectation of success in
making this modification because it is a straightforward addition of a simple

structure.
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2. Dependent Claims

a. Dependent Claim 33: “The railroad hopper car of claim 32
wherein a third beam is mounted across said first end slope
sheet intermediate said first and second beams.”

134.

As discussed above, both Wong and Hart disclose a third crosswise

beam positioned intermediate the lower and upper beams. See supra, at § VE4. It

would have been obvious to a POSITA to use either of these beams to provide further

support for the slopé sheet.

upper transverse
brace member -

.end.wall (modified) |
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See EX1006, Fig. 1.
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I Ground 9: Claims 3544 are obvious over Lindstrom in view of Wong,
Ratcliffe 1, Hart and the 1946 Cyclopedia.

1.  Dependent Claim 35: “The railroad hopper car of claim 32
wherein: said main bolster has first and second ends; and
respective first and second corner posts are mounted to said first
and second ends of said main bolster and extend upwardly
therefrom to meet said first end slope sheet.”

135. The *515 patent discloses “corner posts” 82 and 84 that each extend up
from the junction of a bolster and a side sill. EX1001 at 14:26-31. Lindstrém’s

posts 25 are positioned immediately adjacent the bolster ends:
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Id., Figs. 2-3.
136. Hart’s “supporting post d',” shown below, extends from the end of the

bolster to the end slope sheet b".
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See EX1008, Figs. 1, 3.
137. Similarly, the 1946 Cyclopedia’s NSC ore car has corner posts that

extend from the end of the bolster to the slope sheet:
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V{ end slope sheet
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See EX1004 at 294.
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138. A POSITA would consider Lindstrom’s posts 25 to extend upwardly
from the ends of the bolster, as required by Claim 11. However, at a minimum, it
would have been obvious in view of Hart or the NSC ore car, to move Lindstrom’s
posts 25 slightly inward longitudinally, so that they could be more directly supported
by the bolster.

139. A POSTIA would be motivated to do so to eliminate the bending
moments imparted when a load is transferred from Lindstrom’s posts 25 to its
bolsters 3. A suggestion to move Lindstrdm’s posts 25 more directly over the bolster
also appears in the the 1946 Cyclopedia’s drawings and photograph of the NSC ore
car. EX1004 at 294-95. As shown below, the NSC ore car discloses its first and
second corner posts extending upwardly from the first and second ends of its main

bolster to mate with its sidewalls.
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EX1004 at 294-95.
2.  Dependent Claim 36: “The railroad hopper car of claim 35
wherein: a machinery space is defined above said shear plate and

under said first end slope sheet; and a door actuator is mounted
above said shear plate and under said first end slope sheet.”

140. Lindstrom discloses a hopper car with a machinery space over a shear
plate (6) and under an end slope sheet (“sloping end floor” 20), as claimed. For
opening hopper doors 48, Lindstrom discloses a door actuator comprising an
operating shaft 69, a pinion 72, a toothed member 88, a pawl 89 and a rod 90.
Lindstrém’s door actuator is mounted in the machinery space, above the shear plate

and under the end slope sheet.
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141. To open the hopper doors:

the operator grasps the rod 90 by one of its cranked ends and through
its operation throws the pawl 89 out of engagement with the toothed
member 88. A crank or wrench is then applied to the end of the shaft
69, which is then operated in the direction of the arrow, as shown in

Fig. 2.

Id at 5:115-122. Shaft 69 is connected to

the hopper doors by a mechanical

transmission that includes gears and linkages, as shown in the annotated figures

below. Id. at 4:43-5:96.
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EX1005 at Fig. 4.

142, Shaft 69 is connected to the hopper doors by a mechanical transmission

that transfers force between gears and linkages as follows.
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1. Shaft 69 to pinion 72 to segment gear 73 to shaft 67. Id at 5:40-44 (“The
shaft 69 is connected to one of the shafts 67 through the medium of a pinion
72 secured on the shaft 69, meshing with a segment gear 73 on the shaft
67....70).

2. Shaft 67 to clutch member 68 to trunnion 64 (Fig. 7), which is journaled
in bearing member 65 and is part of arm 60. Id. at 4:118-21 (“shafts 67
are provided which are secured in the outer portions of the clutches
hereinafter described”), 5:5-7 (“the lug in the clutch member 68 when
rotating will strike the lug on the trunnion 64 and transmit motion to such
trunnion 64”), 4:105-08 (“arms 60 are provided with trunnions 64 having
cylindrical outer bearing portions which are suitably journaled in bearing
members 657).

3. Arm 60 to crank pin 61 to yoke 57 to link 56 to beam 55 to door 48. Id. at
4:83-86-(“At the free ends of the crank arm there is carried the crank pins
61 upon which the yokes 57 are directly mounted.”), 4:74—80 (*“there is a
pair of links 56 at each end of the discharge doors, one end of each of said
links being connected to the end of its respective beam 55, the other end
of each pair of links being brought together and pivotally mounted in the
yoke 57), 4:64—65 (“Each of the discharge doors 48 is provided with a

beam 55....").
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143. This mechanical transmission between shaft 69 and the hopper doors
48 is described in detail in the following passage in Lindstrom:

For the purpose of operating the doors 48, 48 we have provided a
mechanism which is similar to the mechanism shown in U. S. Letters
Patent No. 1,002,856 and 1,012,260, granted to Charles A. Lindstrom,
with the following improvements: Instead of locating the crank
operating mechanism on both sides of the car in such a manner that the
mechanism on one side operates one end of each of the doors and the
mechanism on the other side operates the other end of each of the doors,
in which location they are difficult to inspect without going from side
to side of the car, the mechanism has been mounted on one side of the
car. This improvement also reduces the number of pinion wheels from
two to one, and permits the whole mechanism to be constructed more
accessible and compact, and also cheaper.

The present mechanism including parts previously used and the
modifications are as follows: Each of the discharge doors 48 is
provided with a beam 55, composed of Z or other suitable section or
sections extending along and under its free edge and projecting slightly
on each end of the door. The ends of beams 55, 55 arc connected
through the medium of universally jointed links 56 to yokes 57, 57
pivotably mounted in crank frames 58, 58, which are preferably located
between the sills 1, 1, and at each end of the doors. That is to say, there
is a pair of links 56 at each end of the discharge doors, one end of
each of said links being connected to the end of its respective beam
55, the other end of each pair of links being brought together and
pivotally mounted in the yoke 57. Each of the crank frames which are
oppositely disposed consists of a pair of crank arms 59, 60 connected
together through the medium of a web 62. At the free ends of the crank
arm there is carried the crank pins 61 upon which the yokes 57 are
directly mounted. Each of the crank frames 58 is journaled, as later
described, in the draft sills 1, 1 in such a position that when the
discharge doors 48, 48 are closed, the links 56 and yoke 57 are on the
dead center of the crank frame 58, or slightly beyond the same toward
the sloping floor, so that the load on the doors tends to force the crank
frame in the closing direction and thus the doors are automatically
locked against opening from jars or shocks during transit. It will be
noted from the drawings that the crank frames 58 are oppositely
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disposed so that through the medium of the yokes 57 and the links 56
they oppose each other, which arrangement is a further safeguard
against accidental opening of the doors during transit.

The arms 59 of the crank frames 58 are journaled on trunnions 63, while
the arms 60 are provided with trunnions 64 having cylindrical outer
bearing portions which are suitably journaled in bearing members 65
preferably integral with the members 52 secured between the sills 1, 1.
Each of these trunnions is provided with a squared inner end which fits
in a square perforation in the crank arm 60 and may form a member of
the safety clutch hereinafter referred to. Trunnions 63 are each provided

with a flange 66 which is preferably secured to the outer face of the sill
L.

For operating the crank frames 58, shafts 67 are provided which are
secured in the outer portions of the clutches hereinafter described by
any suitable means. The shafts 67 extend transversely from the clutches
to the side of the car, and are supported at their outer ends by suitable
bearings. Near the outer ends of the shafts 67, segments of gears are

secured thereto, connected with rack operating mechanism hereinafter
described.

Safety clutches are introduced for the purpose of permitting the
dropping of the doors quickly without danger to the operator. The
clutch members 68 and the trunnions 64 are provided with projecting
lugs, such lugs being in the same rotary plane so that the lug in the
clutch member 68 when rotating will strike the lug on the trunnion
64 and transmit motion to such trunnion 64 and, conversely, either the
clutch member or the trunnion is capable of limited non-transmitting
movement relative to the other. These clutches are of the same general
character as described in United States Letters Patent Nos. 865,714,
865,920 and 865,921 granted to Charles A. Lindstrom. It will be noted
that the crank frames 58, in dropping the doors will make about one
half revolution, and this being the case, because of the interposition of
the clutches, such movement will not be transmitted to the shafts 67,
and hence will be independent of shafts 67 and the balance of the
mechanism.

It is necessary that the two crank frames 58 operate simultaneously to
prevent undue, strain on either side of a door due to one crank frame
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operating before the other, also that the two crank frames move away
from the end sloping floors when the doors are being opened and
toward the floors when the doors are being closed, which enables the
placing of the crank frames closer to the floors and also allows the use
of straight connections to the beams 55; further, as the load on the doors
is naturally great, on account of the size of the doors as well as the
nature of the lading, a power increasing mechanism is necessary. For
this purpose the two shafts 67 are operatively connected to a common
operating shaft 69, preferably extending transversely of the car and
journaled in bearings 70 and 71. The shaft 69 is connected to one of
the shafts 67 through the medium of a pinion 72 secured on the shaft
69, meshing with a segment gear 73 on the shaft 67, such segment
gear projecting upwardly between the side sill 2 and the member 11,
and shaft 69 being preferably located above the horizontal plane of the
upper surfaces of the side and draft sills. The operating shaft 69 is
connected with the other shaft 67 by means of a segment gear 74 on the
shaft 67, the pinion 72 on the shaft 69 and toothed racks 75 meshing
with and operatively connecting said segment gear 74 and pinion 72.

The rack 75 comprises a member 76 which is preferably of I form
having toothed members 77 and 78 attached to its horizontally disposed
web in such position as to mesh with the pinion 72 and the segment
gear 74 respectively. The toothed member 78 is attached to the web of
the member 76 through the medium of bolts 79 which pass through
perforations in the member 78 and through slotted perforations 80 in
the member 76, such bolts being held in position by nuts or other
suitable means. To the member 76, intermediate the members 77 and
78, a bracket 81 is secured. Held within this bracket and extending
outwardly therefrom is a threaded member 82 which is adapted to pass
through a perforation in the lug 83 of the member 78. This member 82
is provided with nuts 84 and 85 which are adapted to engage the
opposite faces of the lug 83 and hold the member 78 in any desired
position. When for any reason it is desired to lengthen or shorten the
distance between the members 77 and 78 the nuts 84 and 85 are turned
to affect such adjustment.

The rack 75 is supported in operative position by means of brackets 86
and 70, projections being provided on the inner sides of the vertical
portion of the sides of the brackets, on which slide the side extensions
or flanges of the rack. The rack is retained in such a position, that the
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teeth shall be in mesh with the teeth of the pinion 72 and segment gear
74, by means of rollers 87 which contact with the upper portions of the
rack, and which are held in such position by means of pins which are
passed through the upward extensions of the brackets 86 and 70.
Intermediate the brackets 86 and 70 the rack is retained in position by
a roller journaled between the lugs 28a which are preferably integral
with one of the members 28.

Id at 4:43-5:96.
144. As shown in the figures and descriptions above, Lindstrém’s door
actuator is mounted above the shear plate and under the end slope sheet, as claimed.
3.  Dependent Claim 39: “The railroad hopper car of claim 32 wherein
said draft sill has a longitudinally outboard end, and a striker plate
mounted at said longitudinally outboard end; and said draft sill has
a length between said truck center and said striker plate that is less
than 50 inches.”
145. Lindstrém discloses a striking plate 8 at the end of draft sill, but does
not provide specific dimensions for these structures.

146. The 1946 Cyclopedia’s NSC ore car discloses a striker whose outboard

end is 38.5 inches from truck center, as shown below.
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EX1004 at 294. It would have been obvious to use the NSC dimension with the

Lindstrom hopper-car design, making any necessary adjustments to related

structures, because the specific distance between the striker and truck center is a

routine design choice.

4, Dependent Claim 40:

al

[40c] “said first side wall has a predominantly upwardly
running side wall stiffener mounted thereto, said side wall

stiffener being located at a longitudinal station intermediate

the trucks;”

147. Lindstrdm has a sidewall with the claimed stiffener:
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EX1005, Figs. 2, 6. Lindstrom states: “To assist in supporting and stiffening the
combined side walls and sloping floor plate 21, 21, members 28 are provided which

are preferably of triangular form . ...” Id. at 2:111-115. The reference further
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states: “To further stiffen and strengthen the combined side walls and sloping floors

21, 21, stakes 41 are provided which are preferably of U-shape in cross section

having lateral flanges.” Id. at 3:39—45.

148. The stiffening members are shown in the *515 patent at the left, and in

Lindstré6m at the right:

34,36
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EX1001, Fig. 2c; EX1005, Fig. 5.

b. [40h] “said side wall stiffener having web continuity
between said first and second portions thereof”

149. A POSITA would have understood that the two portions (outer and
inner portions) of Lindstrém’s side-wall stiffener are arranged in the same vertical

plane, and thus have web continuity, because any other arrangement would subject
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Iy v

the side walls to bending moments that could damage them (or would otherwise
provide an inferior structure).

150. However, even if Lindstrém did not disclose web continuity, the 1946
Cyclopedia’s NSC ore car drawings disclose two-part side-wall stiffeners with web
continuity. The 1946 Cyclopedia’s NSC ore car discloses outside and inside

portions of a stiffener aligned in a vertical plane:
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first and second portions.
of sidewall stiffener are
substantially coplanar

EX1004 at 294. A POSITA would have been motivated to align the portions of

Lindstrom’s side-wall stiffener in the same vertical plane, as in 1946 Cyclopedia’s
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" 2

NSC ore car, to avoid the bending moments discussed above, and because such side-

wall stiffeners had become commonplace at least by 1946.

5.  Dependent Claim 43: “The railroad hopper car of claim 40
wherein: said first side wall has a third region intermediate said
first and second regions, said third region including a side sheet
transition portion passing across said side wall stiffener from an
inboard margin thereof to an outboard margin thereof; said
hopper includes first and second sloped side sheets; and said first
sloped side sheet meets said first side wall at said transition

portion.”

151. The’515 patent states: “Lower portion 124 tapers in width to match the

narrowing width between the sloped side sheets with which it mates.” EX1001 at

16:39—41 (emphasis added).

tower partion ; ;i L
end slope sheet - FRAC o
12 B 7 o5 140
128 " == 126
126~ I B
144 4- 2T end slope

//A 148 sheet

124~ ff _

150 / shearplate
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Id., Fig. 3a. As the figure shows, lower portion 124 is spaced above the (vellow)

shear plate 76. Thus, the “sloped side sheets” that mate with the sides of lower

portion 124 are the sloped portions 98 of the side walls, as these are sloped portions

of the side walls that are spaced above the shear plate:
38 l

3,38 x
i .

42—

02 ~J

P

96

of{sidejwall
94

__ T\~ o | ate)

Py

1o

160

159

1o

leve! of
shear plate |

Id, Fig. 2c. Accordingly, the “sloped side sheets” recited in Claim 43 are the sloped

portions 98 of side walls 34, 36.

152. Claim 43 recites that the first sloped side sheet, which is part of the first

side wall, “meets™ the first side wall at the transition portion. This is satisfied by a

sloped side sheet that forms part of the side wall at the transition portion. Lindstrém

discloses this in the same manner as the 515 patent:
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38

34,38

92—

’515 patent
Fig. 2¢

102~

'
2

96
24

EX1001, Fig. 2c; EX1005, Fig. 5.

sidelsheettransitiony

o

Lindstrom
Fig. 5

6. Dependent Claim 44: “The railroad hopper car of claim 43
wherein said first side wall has an overall height from said side sill
to said top chord, L, and said transition portion is located a
distance above said side sill that is in the range of % to % L.”

153. The 515 patent’s only disclosure of this limitation is in Fig. 2¢, shown

below, and in the corresponding text. EX1001 at 15:63-16:1, Fig. 2c. As shown

below, the *515 patent compares the height of the side wall, labeled Lsw, and the
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distance from the side sill to the juncture of the upper vertical (second) region of the

side walls and the sloped (third) region of the sidewall, labeled Lys. EX1001, Fig.

2c. The text states that distance Ly4 “may lie in the range of % to % of the distance

Lsw.” Id at 15:66-67.

toplchordd 38
- 34,36 4
sidejwall ™~
92|
42—
02 ~ ]
Lsw
Pyy
96
94 106
F
P a8
104 Lo
L 100
A ¥
EEea—" 1| -
19 p——

EX1001, Fig. 2c.

154. As shown below, Lindstrém discloses that its distance Logis between

1/4 and 2/3 of Lsw, as required by Claim 44.
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EX1005, Fig. 2. Even if Lindstrém did not expressly disclose this limitation, it

would have been obvious to select dimensions consistent with the Lindstrém’s
drawings and with the NSC ore car for the additional reason that the precise
dimensions are a matter of design choice. A POSITA would know to modify the
angle of the transversely angled portion of the side sheet—thereby modifying the
location of the transition portion—based on design constraints that are standard and
well-understood, including maximizing hopper capacity, supporting the loads within
the hopper including those seen at the slope sheet and hopper doors, and maximizing

the car’s efficiency in loading and discharging its intended lading. Selecting

111
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elements that are efficiently carry the loads from the longitudinal beam at the top of

the hopper car to the still, aligning them co-planarly, spacing them properly,

connecting various elements to reduce stress concentration, supporting the weights

on bolsters, ... are examples of engineering practices for maximizing capacity and

efficiency. A POSITA is aware of and commonly employs such practices.

VI. GROUNDS AND COMBINATIONS

155. I have reviewed all grounds and combinations of prior art references

referenced in this declaration, and I agree that each ground would render obvious the

relevant claims. In particular, the following combinations of prior art references

would be successfully combined and modified as described. Although I have not

illustrated each modification, I have considered them all as part of this analysis to

reach my conclusions.

GROUND Claims Obviousness References
1 1-2 Hart and the 1906 Cyclopedia
2 3 Hart, the 1906 Cyclopedia, and Schuller
3 4 Hart, the 1906 Cyclopedia, Schuller and Karig
4 5-6 Hart, the 1906 Cyclopedia, and Campbell *652
5 7-16,20-23, | Hart, the 1906 Cyclopedia, and Wong
24-28, 30-31
6 17-19 Hart, the 1906 Cyclopedia, Wong and Campbell
051
7 21-22,29 Hart, the 1906 Cyclopedia, Wong and Schuller
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GROUND Claims Obviousness References
8 32-34 Lindstrom, Wong, Ratcliffe 1 and Hart.
9 3544 Lindstrom, Wong, Ratcliffe 1, Hart and the
1946 Cyclopedia.
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VII. CONCLUSION

156. I reserve the right to supplement my opinions in the future to respond
to any arguments or positions that the patent owner may raise, taking account of new
information as it becomes available to me.

157. Tdeclare that all statements made herein of my own knowledge are true
and that all statements made on information and belief are believed to be true; and
further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both,

under Section 1001 of Title 18 of the United States Code.

May 27, 2025 ;:5 ;éi/—-’

Mehdi Ahmadian, Ph.D.
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a2 United States Patent (1o Patent No..  US 8,166,892 B2
Forbes et al. (45) Date of Patent: May 1, 2012
(54) RAILROAD GONDOLA CAR STRUCTURE OTHER PUBLICATIONS
MEC 1SM REFOR Freight Cars: Hopper, Ore; Car Builders' Cyclopedia, 1937, pp.
(75) Inventors: James W. Forbes, Campbellville (CA); 313-320, i4th ed., Simmons-Boardman Publishing Corporation,
Marcus Thiesen, Hamilton (CA); Dave New York, NY.
Keﬂts, Brantford (CA) (Coﬂtinuai)
{73) Assignee: National Steel Car Limited (CA) Primary Examiner —S. Joseph Morano
(*) Notice:  Subject to any disclaimer, the term of this Assistant Examiner — Jason C Smith
patent is extended or adjusted under 35 (74) Attorney, Agent, or Firm — Hahn Loeser & Parks, LLP;
U.S.C. 154(b) by 284 days. Michael H. Minns
(21) Appl. No.: 12/559,065 (57) ABSTRACT
_ A milroad gondola car has a hopper carried between two
(22) Filed: Sep- 14,2009 trucks. The hopper has convergent end and side slope sheets
(65) Prior Publication Data that feed a bottom discharge. The bottom discharge has a pair
of longitudinal doors. The door closing mechanism is
US 2011/0041724 A1 Feb. 24, 2011 mechanical transmission that includes a set of linkages run-
ning from the door to a reciprocating pneumatic cylinder. The
(30) Forelgn Application Priority Data linkages run generally parallel to-the slope sheet. The car has
Sep. 11,2009 (CA) wrovvereseessoersssseeneeennn. 2678447 @ very short draft installation that includes a removable cou-
Sep. 14: 2009 (CA) wooereerereersoerrerereeresesrns 2678605 pler carrier bar, and the main shear plate has a removable draft
gear installation panel. There is a machinery space above the
(51} Imt.ClL end section shear plate. It is overhung by the slope sheet that
B61D 1700 (2006.01} is substantially unobstructed by any other primary structure.
(52) US.CL s 105/406.1; 105/396; 105/404 ~ The pueumatic cylinder is mounted on an augle in this unob-
58) Field of Classification Search ............... 105/199 4, structed machinery space, oriented longitudinally over the
©8) O 05406 1. 413, 414 415 450, 247 244, draft sill beneath the main drag link of the mechanical frans-
105/250. 254 596 :‘04. ,2]3‘."50 5,1 56’ mission, and above the main pivot of the driving input lever of
e ’213 60, 61.75 Ii the transmission. The main lever is bifurcated, and straddles
See application file for complete search history. the pneumatic cylinder. The mechanism includes a primary
lock in the form of an over center lever ammangement, and a
(56 References Cited compact secondary lock that acts sideways rather than length-
wise, The sidewalls of (he car include vertical stilfeners and
U.S. PATENT DOCUMENTS side sheets. The Jower portion of the side sheets lies laterally
673,103 A * 471901 Williamson ..o 105/248 inboard of the stiffener web, while the upper portion lies
Conti 1£1nson Iaterally outboard of the stiffener web. The side slope sheet of
(Continued) the hopper meets the sidewall at the (ransition of the sidewall
FOREIGN PATENT DOCUMENTS sheet from the inside-the-post to the outside-the-post condi-
! p INTE fion.
CA 1082524 Al 7/2009 1o
{(Continued) 15 Claims, 18 Drawing Sheets
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Page 2
U.S. PATENT DOCUMENTS 2,561,333 A 11;:933 g{iller 0506
13353 A 5/19 AULEL vvsvensssssersinisarsas .
Jgi’ﬁgi gﬂgg‘z' ;TE‘I’;”C’E" 58731128 A 10/1998 Mansirom
373381 A 31965 Charles etal, 6604465 BI 82003 Galvanctal
3,187,684 A 6/1965 Ortnes 6,877,440 BL* 42005 Kilian et al 105/406.1
3,405,655 A . 10”.968 Dorey [P PTT 1054*250 7,030’593 th 7/2006 Crei hton E.t ;-l.. 105!247
/1968 Rebenok et al. Pt Teig S
R A Mot 7367272 B2 52008 Taylor
3483830 A 12/1968 McGr, 7.681.507 B2* 372010 Herzogetal. .o 105/286
3,577.932 A 51971 Pulcrano et al. 7735426 B2* 62010 Creighton etal. ... 1057286
3,596,609 A %1971 g“‘“’r 7780021 B2 872010 Forbes
3,611,947 A 10/1971 a8y 7784411 B2* 872010 Forbes .. . 105/406.1
3654873 A 471972 Floehr 2007/027769 Al* 1272007 Forbes ... . 105/406.1
3,710,730 A *  1/1973 Austgen et al. iierereen 105/250 201010011987 Al* 1/2010 Fotbes 105/406.1
iller : :
17109 A 21913 M 2010/0219148 Al* 972010 Forbes et al. . 213/51
3710 A 2973 Miller 2010/0251922 Al* 1072010 Forbesetal. . . 1057240
Je0TL A diere Tt 20110041724 AL* 272011 Forbesetal. .oummmmnn 1057240
3815514 A 6/1974 Heap FOREIGN PATENT DOCUMENTS
3818842 A 6/1974 Heap
3,863,986 A 21975 Mentessi CN 101486347 712009
3,872,796 A 3/1975 Adleretal. EP 0543279 Bl 5/1995
3,878,794 A 471975 Adler EP 1790547 AL 5/2007
: EP 1798103 Al 672007
3,931,768 A 1/1976 Price et al.
3949681 A  4/1976 Miller GB 1318571 351”3
3994238 A 1171976 Adler GB 2013598 1979
4106813 A 81978 Goodbary
4120409 A 10/1978 vander Werff OTHER PUBLICATIONS
4,194450 A 3/1980 Milter A C.F. Covered and Open Top Hopper Cars; Car Builders® Cyclope-
4,222334 A - 9/1980 Pcterson X i L
4224877 A *  9/1980 Starketal. .. ... 105/250 dia, 1943, pp. 281-289, 16th ed., Simmons-Boardman Publishing
4232980 A * 11/1980 Miller ...... -.. 4147387  Corporation, New York, NY.
4,246,849 A *  1/198] Gramse .......coevennnns 105251 Freisht Cars: Hopwr‘ Qre, Class HMA; Car Builders* Cyﬂlomdia'
4'2'20’814 A 2’,1931 ita.]rket al. 1957, pp. 265-272, 20th ed., Simmons-Boardman Publishing Corpo-
:Z%:ggg A v 1982 St o (057245 TMODNeWYork NY. o .
4361,097 A * 11/1982 Jones etal. loswos.|  Freight Cars: Hopper, Ore, Class HMA; Car Builders® Cyclopedia,
4,484,527 A * 11/1984 O'Hara ... ... 1057247 1961, pp. 246-258, 215t ed., Simmons-Boardman Publishing Corpo-
4,542,701 A 9/1985 Tischeretal, ration, New York, NY.
4,555,033 A 11/1985 Miller Car aed Locomotive Cyclopedia, 1966, 10 pages, 1st ed., Simmons-
RE32,139 E * 6/1986 Adleretal. ......... 105/377.07 Boardman Publishing Corporation, New York, NY.
4,601,244 A 7/1986 Fischer 5 Photographs of Quebec Iron and Titanium (QIT) ore hopper car No,
Z.ggg,gg ﬁ - J‘Iiggg ll:a_tun ctal, oviveeenne 105/406.1 556, dated Aug. 15, 2007.
Jhed / rins Drawing of QIT car dated Aug. 27, 2007.
B A Tomaks 105/406.1 5 Gpeets of Defails of End Structure of an Admitted Prior Art Grain
T A 171989 Baia Car of National Steel Car showing End Post, Lateral Intermediate
4893568 A *  1/1990 AQAMS worrrrosrnrnn, 1057416 StubWall, Elephant Ears Arrangement and End Slope Sheet to Shear
4808101 A * 21990 Haler .......... — 105/247  Plate Connection at least as early as Jan. 1, 2001,
5:053:353 A 11/1991 Dugge Reproduction of Design Drawing of Dulth, Missabi & Iron Range
5,086,709 A 2/1992 Fischer et al. (DM&IR) Open Topped Ore Hopper Car General Arrangement
5144805 A 9/1992 Mumay Drawing 8760 Drawn Apr. 8, 1950, (Quality Poor in Original), Show-
5,163,372 A 11/1992 Galvan et al. ing Rear Draft Stops Extending Inboard of Truck Center.
5181474 A *  1/1993 Miller oovoorrsroeer. 1057155

5,249,531 A 10/1993 Taylor
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1 2
RAILROAD GONDOLA CAR STRUCTURE which the cars receive the lading; to a discharge facility,
AND MECHANISM THEREFOR whether a mill or a break of bulk terminal at a port. In these

This application claims pricrity under 35 USC 119 on the
basis of Canadian Patent Application Serial Number 2,678,
447, entitled “Railroad Gondola Car Structure and Mecha-
nism Therefor™ filed Sep. 11, 2009, the specification of which
is incorporated herein by reference. This application also
claims priority to Canadian Patent Application Serial Number

circumstances the line may be owned by the mine or mill, and
the cars may not necessarily be used for interchange service.
To the extent that they are not used for interchange service
they may not necessarily comply with all AAR standards. The
cars may have short, possibly non-standard draft sills, draft
gear, and couplers, or a combination thereof.

The cars may have tightly limited space envelopes overthe

2,678,605, 10 cod shear plates, and yet these spaces may nonetheless be
intended 10 accommodate, for example, the brake reservoir
FIELD OF THE INVENTION and pneumatic gear for operating the gondola discharge
doors,
This invention relates to the field of railroad freight cars,
and, in particular to rail road gondola cars such as may i5 SUMMARY OF THE INVENTION
employ bottom unloading gates or doors.
In an aspect of the invention there is a milroad hopper car.
BACKGRQUND It has at least one hopper having a bottom discharge, the
bottom discharge including a door movable between a closed
There are many kinds of rail road cars for carrying particu- 20 position for retaining lading and an open position for permit-

late material, be it sand or gravel aggregate, plastic pellets,
grains, ores, potash, coal or other granular materials. Many of
those cars have an upper opening, oraccessway of some kind,
by which the particulate is loaded, and a lower opening, or
accessway, or gate, or door by which the particulate material
exits the car under the influence of gravity, While the inlet
opening need not necessarily have a movable gate, the outlet
opening requires a governor of some kind that is movable
between a closed position for retaining the lading while the
lading is being wansported, and an open position for releasing,
the lading at the destination. The terminology “flow through”
or*“flow through rail road car”” or“center fow™ car, orthe like,
may sometimes be used for cars of this nature where lading,
typically particulatc Jading, is introduced at the top, and flows
out at the bottom.

Discharge dovrs for gondola cars or other bottom dumping
cars may tend to have certain desirable properties. First, to the
extent possible it is usually desirable for the door opening to
be large so that unloading may tend to be relatively fast, and
for the sides of any unloading chute to be relatively steep so
that the particulate will tend not to hang up on the slope.
Further, to the extent that the door can be large and the slope
sheets steep, the interior of the car may tend to have a greater
lading volume for a given car length. Further still, any
increase in lading achieved will tend to be at a relatively low
height relative to Top of Rail {TOR) and so may tend to aid in
maintzining a low center of gravity. A low center of gravity
tends to yield a better riding car that is less prone 1o derail-
ment, and perhaps less prone to cause as much wear or dam-
age 1o tracks.

Fora given length of car, hopper volume, and hence overall
car volume, can be maximized by reducing the proportion of
the lenpth of the car occupied by the trucks, and occupied by
the door opening drive mechanism. Furthermore, where the
lading 10 be carpied by the car is of greater than usual density,
it may often be helpful for the truck center length to be
relatively short such that the length of the span between the
trucks js smaller, and the weight of the sticture may be
correspondingly decreased relative to the maximum permis-
sible gross weight on rail for the car. In some instances, as
with iron ore or other high density lading, that truck center
distance may be very short.

It may also be thai in some circumsiances orecars are used
in quasi-permanent sets that form a unit train, The unit train
may tend to follow a single route for substantially its entire
operational service life. In the case of an ore car, that opera-
tional route may be from a mine or concentrator facility, at

30
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ting egress of lading, The hopper is carried on spaced apart
railroad cars trucks for rolling motion along railroad tracks in
a lengthwise direction of the car. The hopper has at lcast a first
end slope sheet inclined downwardly in the lengthwise direc-
tion toward the door. There is a linkage connected to the door.
The linkage is oriented lengthwise with respect to the car. A
drive is connected to the linkage. The drive is operable to
move the linkage and thereby to urge the door to a closed
position. The linkage is movable from a first position corre-
sponding to the open position of the door to a second position
corresponding to the closed position of the door. The linkage
includes al least a drag link, When the linkage moves [rom the
first to the second position one of (2) the overall motion from
the first to the sccond position includes displacement of the
drag link in a direction having a predominant component of
motion parallel (o the first end slope sheet; and (b) the molion
of the drag link is at least instantaneously parallel to the first
end slope sheet.

In another feature of that aspect of the invention the linkage
includes a first pivot arm pivotally connecled to a datum
structure at a first pivot connection. The drive is also mounted
to the datum structure. The linkage includes a second pivot
arm pivotally connected to the datum structure at a second
pivot connection. The second pivot arm has the door mounted
thereto. The first pivot arm has a second connection distant
from the first pivot connection. The second pivot arm has a
second connection distant from the second pivot connection.
A mechanical transmission is mounted between the second
connection of the second pivot arm and the second connection
of the first pivot arm. The mechanical transmission includes
the drag link. The drive is connected to move the first pivot
arm, and, in moving {rom the first position to the second
position, each position of the first pivot arm being associated
with aunique position ofthe drag link. In a further feature, the
linkage includes left and right hand first pivotl arms pivotally
connected 10 a datum structure at respective first pivot con-
nections, the respective first pivot connections being co-axial.
The linkage inciudes left and right hand second pivot arms
pivotally connected to the datum structure a{ respeclive sec-
ond pivot connection. The door is a left hand door of 2 pair of
co-operable right and left hand doors, the [eft hand door being
wounted to the left hand second pivot arm and the right hand
door being mounted io the right hand second pivot arm. Each
first pivot amm has a respective second connection distant
from its respective first pivot connection, the respective sec-
ond connections being pivot connections and being mutvally
co-axial. Each second pivot arm has a respective second con-
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nection distant from the respective second pivot connection.
A mechanical transmission is mounted between the respec-
tive second connections of the second pivot arms and the
respective second connections of the first pivot arms. The
drag link is a left hand drag link, and the mechanical trans-
mission includes a mated parallel right hand drag link. The
left and right hand drag links each have a first end mounted to
one of the respective second connections of the first pivot
anns. The left and right band drag links have second ends

4

the actuating cylinder is overhung by at least part of the first
end slope sheet. In a yet further feature, the hopper car
includes an end section having a substantially horizontal
shear plate mounted over a draft sill. The hopper includes a
first end slope sbeet, the first end slope sheet at least partially
overhanging the horizontal shear plate. The actuating cylin-
der is mounted above the shear plate, centrally aligned over
the draft sill. The actuating cylinder is at least partially over-
bung by the first end slope sheet. In still yet another further

yoked together distantly from the first ends. The transmission 10 feature the first slope sheet is substantially planar and has a
member includes left and right hand slave links extending  first angle of inclination relative to horizontal. The actuating
between and connecting the second ends of the drag links to  cylinder is inclined longitudinally inboard downwardly, and
the second connections of the second pivot arms respectively.  is inclined at a second angle. The second angle lies between

In still another feature, the linkage includes left and right horizontal and the first angle. In yet another feature the carhas
hand first pivot arms pivotally connected to a datum structure 15 an underframe and the door operating linkage includes a first
at respective first pivot connections, the respective first pivot linkage component, 4 second linkage component, a third link-
connections being co-axial. The linkage includes lefi and  age component, and a fourth linkage component. The first
right hand second pivot arms pivotally connected to the datum linkage component is a reference datum component and
structure at respective sccond pivot connection. The dooris a includes structure immovable relative to the underframe. The
left hand docr of a pair of co-operable right and left hand 20 second linkage component is a first pivot linkage mounted to

doors, the left hand door being mounted to the left hand
second pivot arm and the right hand door being mounted to
the right hand sccond pivot arm. Each first pivot arm has a
respective second connection distant from its respective first
pivot connection, the respective second connections kbeing
pivot connections and being mutually co-axial. The left and
right hand pivot arms co-operate to define a bifurcated lever
straddling the drive. In yet another feature, the drive includes
an actuating cylinder having an axially reciprocating mem-
ber, the axially reciprocating member being inclined relative
to horizontal. In still another feature the drag link lies between
the actuating cylinder and the first end slope sheel of the
hopper. In another feature the railroad hopper car includes a
first end section, the first end section includes a draft sill and

the first linkage component at a main pivot connection, the
first pivot linkage being a first pivot arm constrained to pivot
onanaxis of rotation oriented horizontally cross-wisc relative
to the underframe. The fourth linkage component is a second
pivot linkage pivotally mounted to the first linkage compo-
nent and includes at least the gate. The third linkage compo-
nent includes a drag link element connected to the first pivot
arm, the drag link element having at least a first pivotal
attachment to at least a portion of the fourth linkage compo-
nent, whereby input motion of the second linkage component
uniquely determines position and moticn of the third and
fourth linkage components relative 1o the first linkage com-
ponent. Motion of the second linkage component is driven by
the actuator. In still another feature the main pivot connection

a substantially horizontal shear plate mounted over the draft 35 of the first pivot amm to the first linkage component is located
sill, the drive includes an actuating cylinder having an axisof ~ lower than the actuating cylinder. In yet still another feature,
reciprocation lying in a central vertical-lengthwise plane of  the drag link element is connected to the first pivot arm at a
the car, the actiating cylinder is mounted above the shear distal pivot connection relative to the main pivot connection,
plate, the first end slope sheet at least partially overhangs the and, when the gate is in the closed position and the car is
actuating cylinder; and the drag link is located between the 40 viewed in side view, the actuating cylinderis located between
achuating cylinder and the first slope sheet. the main pivot connection and the distal pivot connection.
In another aspect of the invention there is a railroad hopper In another aspcet there is a railroad hopper car. It has at
car. It has at least one hopper having a bottom discharge, the  least one hopper having a bottom discharge, the bottom dis-
bottom discharpe including a gate movable between a closed charpe including a gate movable between a closed position for
position for retaining lading and an open position for permit- 45 retaining lading and an open position for permitiing egress of

ting egress of lading. The car includes structure by which the
hopper is carried on spaced apart railroad cars trucks for
rolling motion along railroad tracks in a lengthwise direction
of the car. A door operating linkage is connected to the gate,
the door operating linkage being oriented lengthwise with
respect to the car. An actuating cylinder connected to drive the
door operating linkage, the actuating cylinder also being ori-
ented to act lengthwise with respect to the car, the actuating
cylinder having an axis of reciprocation. The axis of recipro-

lading. It has first and second end sections to which the
hopper is mounted, the first and second end secticns being
mounted to respective first and second railroad car trucks for
rolling motion along railroad tracks in a lengthwise direction
of the car. There js a door operating linkage connected to the
gate, the door operating linkage being oriented lengthwise
with respect to the car and connected. Anactuating cylinder is
connected to drive the door operating linkage. The actusating
cylinderis also oriented to act in a lengthwise extending plane

cation being tilted such that displacement of the actuating 55 with respeet to the car. The actuating cylinder has an axis of
cylinder includes a vertical component of motion, reciprocation. The door operating linkage includes a first
Inanother feature ofthat aspect of the invention, thehopper ~ pivot arm pivotally mounted to the first end section at a first
car includes an end section mounted over one of the rucks, pivot connection. There is a mechanical transmission con-
the cnd section includes a substantiafly horizontal shear plate, nected between the first pivot arm and the gate. The mechani-
and the actuating cylinder is mounted on a pedestal mounted 60 cal transmission includes at least a drag link movably con-
to the shear plate, the pedestal including an inclined mounting ~ nected to the first pivot arm at a location distant from the first
for the cylinder. In a further feature, the railroad hopper car  pivot connection. The first pivot comnection is lower than the
has a longitudinal-vertical central plane, and the axis or recip- actuating cylinder as seen when viewing the [irst end section
rocation lies in the longitudinal-vertical plane. In a still fir- in side view.
ther feature, the hopper includes at least a first end slope sheet 65 In another feature of that aspect of the invention, when the

extending longitudinally and being inclined longitudinally
inboard and downwardly toward the gate, and at least part of

gate is in the closed position and the car is viewed inside view,
the actualing cylinder is located between the main pivot con-
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nection and the distal pivot connection. In still another fea-
ture, the actuating cylinder drives an intermediate lever that is
connected fo drive the first pivot arm.

In another aspect of the invention there is a rail road hopper
car. It has a hopper carried between a pair of trucks, the
hopper having {irst and second upstanding sidewalls running
lengihwise therealong. The hopper has a lower discharge and
convergent slope sheets giving onto the discharge. The rail
road car has a side sill and a top chord. The first upstanding
sidewall extends from the side sili to the top chord. The first
upstanding sidewall has a predomipantly upwardly running
sidewall stiffener mounted thereto. The sidewall stiffener is
located at 4 longitudinal station intermediate Lhe trucks. The
first upstanding sidewall has a first region, the first region
beinga lower region thereof, The first upstanding sidewall has
asecond region. The second region is an upper region (hereof.
The sidewall stifferer has a first portion, the first portion
being a lower portion thereof. The first portion is mounted to
the first region of the first upstanding sidewall. The sidewall
stiffener has a second portion, the second portion being an
upper portion thereof. The second portion is mounted to the
second region of the upstanding sidewall. The first portion of
the first upstanding sidewall stiffener is laterally outboard of
the first region of the first upstanding sidewall. The second
portion of the sidewal] stiffener is laterally inboard of the
second region of the first upstanding sidewall. The sidewall
has a continuous section between the first and second regions
thereof. The sidewall stiffener has web continuity between
the first and second portions thereof.

In a feature of that aspect of the invention, the first and
second portions of the sidewall stiffener are substantially
co-planar, and are substantially vertically aligned when seen
in a sectional view looking along the car. In angther feature,

the first upstanding sidewall has a third region intermediate 3

the first and second regions. The third region inclndes # side
sheet transition portion passing across the sidewall stiffener
from an inboard margin thereof to an outboard margin
therecf, and the stifener has vertical web continuity through
the transition portion. In another {eature, the first upstanding
sidewal] has a third region intermediate the first and second
regions. The third region includes a side sheet transition por-
tion passing across the sidewall stiffener [rom an inboard
margin thereof to an outboard margin thereof. The hopper
includes first and second sloped side sheets. The first sloped
side sheet meets the first sidewal] at the transition portion. In
another [eature, the first sidewall has an overall height from
the side sill to the top chord, I, and the transition is located a
distance above the side sill that is in therange of Yat0o 24 L. In
a still further feature the first sidewall has an overall height
from the side sill to the top chord, L, and the first sloped sheet
meets the transition at an height that is in the range of Yato 24
L above the side sill.

In a turther aspect of the invention there is  railroad hopper
car. It has at least one hopper having a botiom discharge, the
bottom discharge having a bottom discharge governor mov-
able between a closed position for retaining lading and an
open position for permitting egress of lading. The car has
structure by which the hopper is carried on spaced apart
railroad cars trucks for rolling motion along railroad tracks in
a lengthwisc direction of the car. The hopper has a door
operating linkage oriented lengthwise with respect to the car,
There is an actuating cylinder also oriented 10 ¢t in a length-
wise extending plane with respect 1o the car, the actuating
cylinder being connected to drive the door operating linkage.
The door operating linkage includes a pair of first and second
linkage members co-operably mounted to either transverse

—
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side of the actvating cylinder, whereby the actvating cylinder
is bracketed by the linkage members.

In another feature of that aspect of the invention, the car has
an underframe and the linkage is a closed loop bar linkage in
which there is a first linkage component, a second linkage
component, a third linkage component, and a fourth linkage
component. The first linkage component is a reference datum
component and includes structure immovable relative to the
underframe. The second linkage component is a first pivot
linkage mounted to the first linkage component at a main
pivot connection, and which includes the first and second
linkage members, the first and second linkage members being
amatched pairoflell and right hand pivot arms constrained to
pivotonacormmon axis of rotation relative to the underframe.
The fourth linkage component is a second pivot linkage piv-
otally mounted to the first linkage component and which
includes at least one pivotally mounted door assembly defin-
ing the bottom discharge governor. The third linkage compo-
nent includes a drag link element having at least a first pivotal
attachment to at least a portion of the fourth linkage contpo-
nent, whereby input motion of the second linkage component
uniquely determines position and motion of the third and
fourth linkage componcnts relative to the first linkage com-
ponent. Motion of the second linkage component is driven by
the actuator.

In another feature the hopper includes a hopper end slope
sheet. The end slope sheet extends substantially in a plane
inclined downwardly and lengthwise inwardly toward the
bottom discharge. Displacement of the third linkage compo-
nent associated with motion of the door assembly betweenthe
open position is predominantly in a direction generally par-
allel 1o the end slope sheet. In another feature the hopper
includes a hopper end slope sheet. The end slope sheet
extends substantially in a planc inclined downwardly and
lengthwise inwardly toward the bottom discharge. During at
least an instantaneous portion of motion of the third linkage
component while the door assembly is in a position between
the open position and the closed position the third linkage
component moves parallel to the end slope sheet. In still
another feature the third linkage component includes at least
a first element and 2 second element mounted thereto. The
first element is pivotally mounted to the first linkage compo-
nent, and is constrained to move in a lengthwise-vertical
plane relative to the first linkage component. The second
element has a first connection to the first component the first
connection being a pivot connection. The second element has
a second connection to the fourth linkage component, the
second connection having at [east one degree of freedom of
motion. The second element is constrained always to be co-
planar with the first connection, the second connection, and
the main pivot connection. In yet still another feature, the
bottom discharge governor includes a door. The actuating
cylinder is connected to drive the door operating linkage
through a lever assembly. The lever assembly has an over-
center lock that is operable to prevent release of (he bottom
gale to the open position when the actuating cylinder is inac-
tive, In yet a further feature, motion of the first pivot linkage
oceurs in alongitudinal-vertical plane. The second pivot link-
age moves in a plane generally cross-wise to the Jongitudinal-
vertical plane. In still a further feature the main pivot connec-
tion is bencath the actvating cylinder when the hopper car is
seen in side view. In again another feature one of (a) the nain
pivol is beneath the drag link element; and (b) the acluating
cylinder is between the main pivot and the drag link element.
In a yet still further feature, the hopper includes at least a first
end slope sheet, and the bottom discharge governor includes
a door. The first end slope sheet is inclined longitudinally
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downwardly and inboard toward the door. The drag link ele-
ment is inclined on a slope predominantly parallel to, and
adjacent to, the first end slope sheet. The actuating cylinderis
oriented along the lengthwise direction, and is also tilted
longitudinally downwardly and inwardly toward the door.
In another aspect of the invention there is a railroad hopper
car. It has at Jeast one hopper carried by railroad car trucks for
motion in a lengthwise direction of the car along railroad
tracks, The hopper has a bottom discharge. The bottom dis-

8

actuating transmission and thereby to prevent the door from
moving to an open position thereof. The second fitting is
movable between a first position and a second position, in the
first position thereof the second fitting being positioned to
intercept the member of the door actuating transmission and
to be deflected away from the first position toward the second
position thereby. The first fitting has a first degree of freedom
of motion permitting the first and second fittings to move
between their respective first and second positions. The

char_gt? has a door movable bet.v\feen a close.d P osition for 10 degree of freedom constrains the third fitting to motion pre-
retaining lading and an open position for permitting egress of dominantl ‘e to the axial direct]
lading. A mechanical transmission is connected to the door. omunant’y cross-wise o the axia recuon. .
The mechanical transmission is oriented lengthwise with In a.notht':r feature, the lock m'ccham.s m there has a bias
respect to the car. A door actuator is connected to the merill!)er oriented to urge the ‘h'“'d fiting tow:u'd' the first
mechanical transmission and is operable to urge the door 15 POSIHOD thereof. The bias member is a spring having a first
from the open position toward the closed position, the door ~ ©nd and a second end, the first end being mouated to bear
actuator being oriented to reciprocate in a first direction. The ~ gRinst the body of '-hf-' lock glechamsm, the second end
hopper car has a first lock operable to prevent movement of ~ baving a foot for reaction apaiust the datum structure. In
the door from the closed position to the open position when ~ another feature, the first degree of freedom of motion is an
the door actuator is inactive. The hopper car has a second lock 20 angular degree of frecdom, and the predominantly cross-wise
operable to prevent movement of the door from the closed  motion is predominantly ¢ircumferential motion about an
position to the open position when the door actuator is inee-  axis of rotation. In a feature the first fitting is an hinge, the axis
tive if the First lock should fail. The second lock is movable  of rotation is an axis of rotation of the hinge, and the axis of
between an engaged position in which it prevents movement  rotation of the hinge is substantially parallel to the axial
of the door to the open position thereof. In moving between 25 direction of the door actuating transmission. In still another
the engaged and disengaged positions, the second Jockhasa  further feature, the first fitting of the lock mechanism includes
displacement that is predominantly cross-wise to the first  anhingeand a footing of the hinge for mounting to the datum
direction of the reciprocation of the door actuator. structure. The axis of rotation is an axis of rotation of the
In another feature of that aspect of the invention, the car has hinge, and the footing has a substantially planar footprint. The
a central lengthwise-vertical plane, the door actuator is posi- 30 axis of rotation of the hinge is angularly inclined relative to
tioned to reciprocate in the central lengthwise-vertical plane, the substantially planar footprint. In yet another feature, the
and the second lock is movable between the engaged and lock mechanism has all or any combination of the forgoing
disengaged positions in moticn predominantly transverse to additional features.
the central lengthwise-vertical planc. In another feature, the In still another aspect of the invention there is & railroad
second lock is mounted on an hinge and pivots in a circum- 35 hopper car for carrying particulate material. The hopper car
ferential direction between the engaged and disengaged posi-  there has a hopper and first and second end sections for
tions. In still another feature the second lock is mounted on an carriage hy respective first and second rail road car trucks for
hinge, the hinge has an axis lying parallel to the Jengthwise rolling motion along mailroad tracks in a longitudinal dirce-
vertical plane, and the secand lock pivots circumferentially  tion. The hopper is suspended between the first and second
beiween the engaged and disengaged positions. In another 40 end sections. The hopper has a discharge section through
feature, the second lock is biased toward the engaged posi-  which to release lading, and first and second end slope sheets
tion. In still another feature, the second lock is biased toward  oriented toward the first and sccond end sections, the slope
the engaged position. In yet another feature the apparatus is sheets being inclined in the longitudinal direction to feed the
one in which one of: (a) the second lock has a cam and the discbarge section. The first end section includes a draft sill
actuator has a mating cam follower; and (b) the second lock 45 extending in the longitudinal direction, a main bolster extend-
has a cam follower and the actuator has a mating cam. The ing cross-wise to either side of the draft sill, and a shear plate
cam and cam follower are co-operable, and are oriented to mounted to the draft sill and to the main bolster. The shear
deflect the second lock away from the engaged position as the plate extends lengthwise along the draft sill and cross-wise
door moves from the open position to the closed position from side to side of the hopper car. The first end slope sheet of
thereof. 50 the hopper overhangs the shear plate of the first end section.
In another aspect of the invention, there is a lock mecha- The hopper car is free of primary structure directly above the
nism for a door actuating transmission of a railroad gondola shear plate of the first end section under the overhang of the
car, the door actuating transmission including a reciprocating first slope sheet of the hopper.
actuating cylinder mounted to a datum structure, the cylinder In another feature of that aspect of the invention, there is
being movable forward and backward in an axial direction. 55 one of: (a) lhe first slope sheet has an upper margin and the
The lock mechanism has a body having a first fitting, asecond ~ hopper car includes an end post extending upwardly from the
fitting and a third fitting. The first fitting is 2 mounting by ~ draft sill to the upper margin of the slope sheet; and (b) the
which lo connect the lock mechanism to the datum structure.  first slope sheet has an upper margin terminating at an end
The second fitting is one of (a) a cam for co-operation witha wall, and the hopper car includes an end post extending
member of the door actuating transmission, that member 60 upwardly from draft stub sill to the end wall. In another
being a cam follower; and (b) a cam follower forco-operation  feature, the shear plate has a longitudinally outboard margin
with a member of the door actuating transmission, that mem-  and the draft sill has a striker located outboard of the longi-
ber being a cam. The thind fitting includes an abutment for  (udinally outboard margin of the shear plate, ans] the end post
co-operation with a mating fitting of the door actuating trans- is one of: (a) rooted to the draft sill adjacent to the striker; (b)
mission. The third fiting is movable between z first position 65 rooted to the shear plate adjacent to the longitudinally out-

and a second position, in the first position the abutment being
presented to obstruct motion of the mating fitting of the door

board margin of the shear plate. In a further feature, the
bolster has first and second laterally outboard distal ends, and
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the hopper car has comer posts extending upwardly from the
distal ends of the hopper to the first slope sheet.

In still another feature, the bolster has first and second
laterally outboard distal ends, and the hopper car has corner

10

longitudinally inboard of the striker, and a coupler carrier
co-operable therewith, the coupler carrier being removable to
permit installation of draft gear in the draft pocket, and, when
the coupler carrier is installed, the coupler carrier providing a

posts extending upwardly from the distal ends of the hopper s support for a coupler shank when the coupler shank is con-
to the first slope sheet. In another feature, one of: (a) the first nccted to the draft gear within the drafi sill.

slope sheet kas an upper margin and the hopper car includes In another feature of that aspect of the invention the freight
anend post extending upwardly from the drafisilltotheupper  car has both (a} and (b). In another feature, there is a cover
margin of the slope sheet; and (b) the first slope sheethasan  plate for the aperture of the shear plate, the cover plate being
upper margin terminating at an end wall, and the hopper car 10 removable to permit installation of the draft gear. In still
includes an end post extending upwardly from draft stubsill  another feature, the draft sill has a pair of vertically oriented,
to the end wall; the shear plate has a longitudinally outboard ~ longitudinally munning spaced apart side webs. The webs have
margin and the drafl sill has a striker located outboard of the  a greater depth of section adjacent to the striker. The webs
longitudinally outboard margin of the shear plate, andtheend  have respective first and second apertures formed therein. The
post is ooc of: (a) reoted to the draft sill adjacent to the striker; 15 first aud second apertures define the draft gear retainer seat,
{b) rooted to the shear plate adjacent to the longitudinally  and the retainer is a sideways slidable shaft that is movable to
outboard margin of the shear plate. The bolster has fist and ~ extend across the draft sill between the first and second aper-
second laterally outboard distal ends, and the hopper car has tures in the draft sill side webs. In a further feature there is a
corner posts extending upwardly from the distal ends of the  cover plate for the aperture of the shear plate, the cover plate
hopper to the first slope sheet. The hopper carhas amachinery 20 being removable to permit installation of the draft gear. In

space bounded by (a) the first slope sheet; (b) the shear plate
of the first end section; (c) the end post; and (d) the corner
posts, and the machinery space is frec of any other primary
structure,

In yet another feature the hopper car has at least one lon-
gitudinally hinged discharge door, the discharge door being
movable cross-wise between open and closed positions. A
longitudinally acting pneumatic actuator is at least partially
lodgexd in the machinery space directly above the draft sill. In

another further feature the draft sill has a centerplate centered
on the tick center, rear draft stops are welded within the draft
sill, and at least a portion of each of the rear draft stops
extends longitudinally inboard of the truck center. In stil]
another further feature, the car is one in which at least one of
(a) the freight car has a truck center to striker plate draft sill
length of less than 50 inches; and (b} the freight carhas atruck
center to coupler pulling face lenpth of less than 65 inches
when the draft gear is fully extended in drafi. In another

still yet another feature a brake reservoir is also at least 30 feature, the railroad freight car is one in which at least one of
partially lodged in the machinery space. In a yet further (2) the freight car has a truck center to striker plate drafl sill
feature the shear plate is mounted above and to the main  length of about 38 inches (+/-2"); and (b) the freight car has
bolster and defines an upper flange thereof. The main bolster atruck centerto coupler pulling face length of about 53 inches
has alower flange downwardly spaced from the upper flange, (+/-2") when the draft gear is fully extended in draft.

the lower flange terminating at respective distal end portions 35  These and other aspects and features of the invention may

at either side of the car. The car includes a side sill mnning
along the car between the first and second end sections. The
side sill has an upper flange, the upper flange of the side sill
being substantially co-planar and connected to the shear
plate. The side sill bas a lower flange, the lower flange of the
side sill being substantially co-planar with a respective one of
the distal end portions of the lower flange of the main bolster.
In another further feature, the shear plate defines an upper
flange of the draft sill whereby the draft sill upper flange, the
shear plate and the side sill upper flange are all substantially
co-planar. In another feature the machinery space is free of
clephant ears.

In a further aspect of the invention there is a railroad freight
car having a freight car body for carrying lading, the body

45

be understood with reference to the description which fol-
Jows, and with the aid of the illustrations.

BRIEF DESCRIPTION OF THE FIGURES

The description is accompanied by a set of illustrative
Figures in which:

FIG. 1 is a general arrangement, isometric view of a rail-
road freight car according to an aspect of the invention with
all apcillary systems removed to leave only primary structure

- visible;

FIG. 2a is an isometric view of a sidewall of the gondolacar
of FIG. 1; '
FIG. 26 shows a side view of the sidewall of FIG. 2a;

being mounted on railroad car trucks for rolling motionina 50 FIG. 2c shows an end view of the sidewall of FIG. 2a;
longitudinal direction along railroad tracks. The car body FIG. 3ashows a perspective view of the end structure of the
includes a draft sill baving a drafi gear pocket for accommo- railroad freight car of FIG. 1;

dating draft gear, and a shear plate overlying the draft sill and FIG. 34 is a side view of the structure of FIG. 3a;
functioning as an upper flange of the draft sill. The draft sill FIG. 3¢ is a detail of the end structure of FIG. 34, with the
has aninboard end oriented toward a iruck center ofoneof the 55 near side web of the druft sill removed to show the drafl stop,

trucks, and an outboard end terminating at a striker. The draft
sill has an underside and an sccess opening formed in the
underside to admit entry of draft gear into the draft gear
pocket from below. The car has a draft gear carrier plate. The
carrier plate is mounted to the underside of the draft sill
beneath the drafi gear pocket. The carrier plate is removable
lo permit installation of the drafi gear into the drafi gear
pocket. The car body has one of {2) ar aperture formed in the
shear plate over an inboard end region of the draft sill, the
aperture permitting a portion of the draft gear to protrude
upwardly therethrough during installation in the draft gear
pocket; and (b) a coupler carrier seat defined in the draft siil

60

65

center plate, and coupler relationship.

FIG. 4a is a isometric view of a portion ol the door opening
mechanism for the ratlroad car of FIG. 1 in a fully open
position;

FIG. 4b1is a isometric view of a portion of the door opening
mechanism for the railrcad car of FIG. 1 in an intermediate
position;

FIG. 4c is aisomeiric view of a portion of the door opening
mechanism for the railroad car of FIG. 1 in a fully closed
position;

FIG. 5a is a side view of the door openinig mechanism of
FIG. 4a;
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FIG. 55 is a side view of the door opening mechanism of
FIG. 4b;

FIG. 5¢ is a side view of the door opening mechanism of
FIG. 4¢;

FIG. 6a is an end view of the door opening mechanism of
FIG. 4a;

FIG. 65 is an end view of the door opening mechanism of
FIG. 4b; and

FIG. 6¢ is an end view of the door cpeping mechanism of
FIG. 4¢;

F1G. 7a is a perspective view of a secondary lock mecha-
nism for the door opening mechanism of FIG. 4a;

FIG. 76 is a plan view of the mechanism of FIG. Ta;

F1G. 7c is a perspective view of the mechanism of FIG. 74
when the door are open

FIG. 74 is a view similar to FIG. 7¢, of the mechanism of
FIG. 74 in a deflected condition; and

FIG. 7e is a perspective view of the mechanism of FIG. 7a
in a locked position;

DETAILED DESCRIPTION

The description that follows, and the embodiments
described therein, are provided by way of illustration of an
example, or examples, of particular embodiments of the prin-
ciples, aspects or features of the present invention. These
examples are provided for the purposes of explanation, and
nat of limitation, of those principles and of the invention. In
the description, like parts are marked thronghout the specifi-
cation and the drawings with the same respective reference
numerals. The drawings may be taken as being to scale unless
noled olherwise.

The terminology used in this specification is thought to be
consistent with the customary and ordinary meanings of those
terms as they would be understood hy a person of ordinary
skill in the rail road industry in North America. Following
from decision of the CAFC in Phillips v. AWH Corp., the
Applicant cxpressly cxcludes all interpretations that arc
inconsistent with this specification, and, in particular,
expressly excludes any interpretation of the claims or the
langnage used in this specification such as may be made in the
USPTO, or in any other Patent Office, other than those inter-
pretations for which express support can be demonstrated in
this specification or in objective evidence of record in accor-
dance with In re Lee, (for example, earlier publications by
persons not employed by the USPTO or any other Patent
Office), demonstrating how the terms are used and under-
stood by persons of ordinary skill in the art, or by way of
expert evidence of a person or persons of at least 10 years
experience in the industry in North America or in other former
territories of the British Empire and Commonwealth.

In terms of general orientation and directional nomencia-
ture, for rail road cars described herein the longitudinal direc-
tionis defined as being coincident with the rolling direction of
the rail road car, orrail road car unit, when located on tangent
(that is, straight) track. In the case of a rail road car having a
center sill, be it a stub sill or a straight-through center sill, the
longitudinal direction is parallel to the center sill, and parallel
to the top chords. Unless étherwise noted, vertical, or upward
and downward, are terms that use top of mil, TOR, as a datum.
In the context of the car as a whole, the temn lateral, or
lateraily outboard, or transverse, or transversely outboard
refer to a distance or orientation relative o the longitudinal
centerline of the railroad car, or carunit, or of the centerline of
a centerplate at a truck center. The term “longitudinally
inboard”, or “longitudinally outboard” is a distance taken
relative to a mid-span lateral section of the car, or car unit.
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Pitching motion is angular motion of a railcar unit about a
horizontal axis perpendicular to the longitudinal direction.
Yawing is angular motion about a vertical axis. Roll is angular
motion about the longitudinal axis, Given that the rail road car
described herein may tend 1o have both longitudinal and
transverse axes of symmetry, a description of one haif of the
car may generally also be intended to describe the other half
as well, allowing for differences between right hand and left
hand parts. In this description, the abbreviation kpsi stands for
thousand of pounds per square inch. To the extent that this
specification or the sccompanying illustrations may refer to
standards of the Association of American Railroads (AAR),
such as to AAR plate sizes, those references are to be under-
stood as at the earliest date of priority to which this applica-
tion is entitled.

Bottom dumping hopper cars, of which ore cars and coal
cars muy be examples, may tend to have either longitudinal
doors or transverse doors. Longitudinal doors are oriented
such that the doors operate on hinges or axes of rotation that
are parallel to the direction of trave! of the railroad car gen-
erally. U.S. Pat. No. 4,250,814 of Stark et al., issued Feb. 17,
1981 and U.S. Pat. No. 3,800,711 of Tuttle, issued Apr. 2,
1974 show cars with longitudinal doors, By contrast, trans-
verse doors are ones in which the axes of rotation of the hinges
or other pivots tend to be predominantly cross-wise to the
direction of travel, most often perpendicular to it. Anexample
of a transverse door car shown in U.S. Pat, No. 4,843,974 of
Ritter et al, issued Jul. 4, 1989,

F1G. 1 shows an isometric view of an example ofa rail road
freight car 20 that is intended to be representative of a range
of'rail road cars in which one or more of the various aspects of
the present invention may be incorporated. While car 20 may
be suitable for a variety of general purpose uses, it may be
taken as being symbolic of, and in some ways a generic
example of, a flow through car, in which lading is introduced
by gravity flow from above, and removed by gravily dis-
charge through gated or valved outlets below. Flow through,
or center flow cars may include open topped hopper cars,
grain cars, plastic pellet cars, potash cars, ore cars, coal gon-
dolas, and so on. In one embodiment car 20 may bea hopper
car such as may be used for the carriage of bulk commodities
in the form of a granular particulate, be it in the nature of
relatively coarse gravel or fine aggrepate in the nature of fine
gravel or sand or various ores, ore concentrate or coal. The
principle, or primary, structure of car 20 may be symmetrical
about both its longitudinal and transverse, or lateral, center-
line axes. Consequently, it will be understood that the car has
first and second, left and right hand side beams, bolsters and
so on.

By way of a general overview, car 20 may have a car body
22 that is carried on trucks 24 for relling operation along
railroad tracks. Car 20 may be a single unit car, or it may be a
multi-unit car having two or more car bedy units, where the
multiple car body units may be substantially permanently
comnected at an articulated connector, or by draw bars, as
opposed to by ordinarily releasable AAR couplers. Car hody
22, and the various structural members and fittings described
herein may be understood to he typically of metal construc-
lion, whether welded or Huck™ bolied, or riveted together,
the metal members being most typically steel, stainless steel,
or aluminum, as may be appropriate. Somc car builders have
also used reinforced plastic composites for car elements, and
{hose materials could also be employed where suituble, The
default construction may be taken as heing steel, of which the
majority may be mild steel having, typically, a 50 kpsi yield.
Car body 22 may have a lading containment vessel or shell 26
such as may include an upstanding wall structure 28 which
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may have a pair of opposed first and second end walls 30, 32,
that extend cross-wise, and a pair of first and second side
walls 34, 36 that extend lengthwise, the end walls 30, 32 and
side walls 34, 36 co-operating lo define 2 generally rectangu-
far form of peripheral wall structure 28. Wall stracture 28 may
include top chords 38 running along the top of the walls, and
side sills 40 running fore-and-aft along lower portions of the
side sheets or side sheet assemblies 42 of side walls 34, 36, In
some instances, such as that of the illustration of FIG. 1a, car

14
tudinally extending stub sills 44. Stub sills 44 in turn carry
laterally extending main bolster of main bolster 90. Arms 74
extended perpendicularly away from the centerplate 72, i.e.,
they are centered on the truck center, CL-Truck. Side sills 40
run lengthwise along the car between, and tie together, the
most laterally outboard extremities of main bolster. A shear
plate 76 is mounted in an x-y horizontal plane defining the top
cover plate of stub sill 44. Shear plate 76 extends laterally
from side sill to side sill, and Iongitudinally from the fore-

:i?jzu\?;ﬁ?v; 45%% c;?;r:;ui:‘;z;:i?g;fd;ﬂ ?;;hfnﬁ 19 and-afiend slope sheet 48 to the laterally extending end sill 78
vertical loads’tn main bolsters 90 that exter,td laterally from of the car, which, 11.11h1.s instance may be an.upmmed flange
the centerplates. In the case of a single, stand alone car unit, formed on the longlt-udmally outboa{'d margin of shear plate
draft gear and releasable couplers may be mounted at cither o I tar 20, the primary structure includes an end post 80
end of the stub center sill. In a center flow, or flow through car, 15 209 @ pair of side or comer posts 82,84, _
the upper portion of the car may typically include means by End post 80 is rooted in shear plate 76 in line with center sill
which to admit lading under a gravity drop system. Such an 44, and may I_Jave lateral webs or gussets aligned with the
intake 46, or entryway may be a large rectangular opening ~ Webs of stub sill 44 o provide vertical web continuity across
such as that bounded by top chords 38. shear plate 76. End post 80 then extends fully between shear
Car body 22 may include end sheets 48 and side sheets 50, 20 platc 76 and top chord 86 of end wall 30 or 32, ag may be,

Car 20 of FIG. 1 et seq., is illustrated as a car having a single
hopper 52, a single hopper discharge section 54, and an ont-
flow or discharge governor in the pature of a diseharge door
assembly 56. However, car 20 could, alternatively, be a mul-
tiple hopper car. In a multiple hopper car, the car may have
laterally extending members or reinforcements, which may
be cross-bearers, or cross-bearers with shrouds, or merely
shrouds, particularly where the car is a multiple hopper car.
These cross-members may run fully across the car from side

Comer posts 82 and 84 are rooted to, and stand upwardly
from, the junction of the laterally outboard ends of left and
right hand main bolster and side sills 40. Posts 82 and 84
extend npwardly from this junction to mate with various
elements of the end and side walls, as may be described
below.

As described in additional detail below, car 20 has an
abnommally short distance from the striker 88 to the truck
center, i.e., the CL of centerplate 72. Striker 88 is the vertical

sill to side sill, and may intersect the center sill, or the center 3¢ plapar surrounding face plate at the outboard end of the stub
sill shroud as may be, The car may also include upper wall sill 44, In the terminology of the industry, the portion of the
bracing, in the nature of diagonal struts which extend diago- cenler sill 44 (be it a stub center sill or a straight through
nally upwardly and outwardly from the apices of the respec- center sill) that lies longitudinaily outboard of the truck center
tive cross-members at the cenferline of the car to upper CL-Truck may also be referred to as the drafi sill, In car 20,
regions of the side walls near or at the top chords; and lateral 35 the short draft sill length, identified as g, leaves an anoma-
ties or struts that rin across the car from sidewall to side wall lously smail space in which to install other systeins, such as
to meet the upper ends of the diagonal struts at their wall the brake reservoir and the door operating pneumatic cylin-
brackets. Those brackets may be aligned with, and mated der. Car 20 has an end of car machinery spacc, indicated
through the wall to, the vertical exterior posts that run from generally as 75, that is bounded by shear plate 76 on the
the side sill to the top chord and reinforce the walls. 40 bottom, the sloped end wall assembly 30 or 32 of the car on

End sheets 48 may be substantially planar slope sheets or
slope shect assemblies that are inclined downwardly in the
longitudinally inboard direction to feed the discharge section.
Not atypically, each pair of fore- and aft opposed slope sheets
may be inclined at equal and opposite angles, and the angles
of those sheets may be selected to be somewhat steeper than
the free slope angle, or natural talus slope angle of the lading
for which the car is designed, such that, when the gates are
opened, the lading may tend to flow out, rather than sit at rest.

The primary structure of body 22 of car 20 includes lading
containment vessel 26 which is in the nature of bopper 52.
Hopper 52 has an upper portion 58 with substantially vertical
wall panels, and a lower stationary portion defined by a set of
converging sloped walls, namely the side and end slope sheet

45

the top, main vertical central end post 80, and main side posts
82, 84 at the ends of main bolster 90. This spacc may be
referred to as having the shape, penerally, of a triangular
prism and is substantially unobstructed by the primary struc-
ture of the car. For the purposes of this description, primary
structure is defined as the underframe, including side sills and
center sill (i.e., including the draft sill}, the side walls, the
slope sheets and top chords, the bopper construction includ-
ing the stationary parts of the discharge section, as well as any
cross-hearers, cross-ties, bolsters, shear plates and so on.
Primary structure excludes secondary or ancillary structure or
systems such as ladders, cat-walks and other safety appli-
ances, brakes, brake rods and brake fittings, air hoses, reser-
voirs and pneumatic fittings, movable door members, door

assemblies 48 and 50. Al tbe lower margin of the sloped walls 55 operating linkages, and so on.

there is the outflow povernor, namely door assembly 56, In existing cars, this space, 75, is ofien occupied or other-
which, in this instance, may have the form of a pair of firstand wise obstructed by other primary structure, such as so-called
second, or left and right hand doors 62, 64. This containment “elephant ears”. In this context, “elephant ears” are large,
structure seats on, and is carried by, a pair of first and second substantially triangular planar plates, sometimes provided
end structures, 66, 68, at either end of the car. End structures 60 with central lightening holes, that have one edge fixed along

66, 68 are in tum carried by trucks 24. A door operating
apparatus or mechanism, or drive train, or transmission, how-
ever it may be termed, and identified generally as 70, is
provided to move doors 62, 64 between open and closed
positions.

Considering this structure in greater detail, rucks 24 are
most immediately surmounted by center plates 72 of longi-

65

the junction of the center sill webs and the center sill cover
plate, and znother edge welded to the end slope sheet. The
third edge is typically a free edge. Oflen these plates lie in a
plape that is oriented at an angle to the vertical—i.e., it leans
laterally outboard. Car 20 avoids the use of these “elephant
ears” and so provides the large unobstructed space shown in
FIG. 15
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FIGS. 1 and 2a, 26 and 2, all show the sidewall of the car,
indicated generally as 34 or 36. Sidewall 34 and 36 function
as short beams of low (e.g., less than 4:1, possibly less than
3:1) length-to-depth ratio. Sidewall 34 or 36 can be scen to
have a bottom flange or chord member, namely side sill 40, a
top flange or chord member, namely top chord 38, which may
have the form of a square or rectangular hollow structural
steel tube; and an intermediate shear force transfer web,
namely side sheet assembly 42. Side sheet assembly 42 may
include an upper sheet portion or member 92 that is welded to
the outside face of top chord 38 at a lap joint, and that extends
downwardly therefrom; and a lower sheet portion or member
94, Member 94 may have the form of a Z-section, having a
first portion, namely an upper flange or leg or margin 96 that
extends in a substantially vertical planc and has an uppermost
margin that overlaps the lowermost edge or margin of mem-
ber 92; a second or intermediate portion 98 that runs in an
inclined plane sloping inwardly and downwardly on the slope
of the hopper side sheets generally, and a third or bottom
portion, namely bottom flange, or leg, or margm 100 that
extends in a substantially vertical plane downwardly. Side-
wall 34 or 36 also includes a central post, or web stiffener, 102
that has a lowermost first portion 104 an intermediate sccond
portion 106, and an uppermost third portion 108.

Side sill 40 includes a channel 110 that is welded toes-
inward against the lowermost marginal portion of lower leg
100 to form a closed section. The first or lowermost portion
104 of web stiffener 102 has the form of a quadrilateral gusset
having a fitst edge welded to the upper leg of channel 110, a
second edge welded to the vertical margin 100, a third edge
welded to the sloping portion 98, and the fourth, laterally
outbozrd, edge being free. As may be noted, portion 104
stands outboard of the sidewall sheet.

Portion 108 i3 a rectangular web stiffener that is welded fo,
and extends downwardly from, the underside of top chord 38
along the inside face of vertical web portion 92. Intermediate
portion 106 is a web, or plate, or gusset, that is also a quad-
rilateral, having a first edge that overlaps, and is welded to, the
lower margin of portion 108. A second edge is welded to the
lower region of vertical web porlion 92, and to the upper
flange or leg 96. A third edge is welded along the sloped
portion 98 of member 94. The fourth edge is free, and faces
inwardly into the lading containment space of the hopper.
Portions 104 and 106 are co-planar, or substantially co-pla-
nar, such that stiffener 102 has web continuity through mem-
ber 94. The upper margin of the side slope sheet 50 of the
hopper discharge section is welded to the lower margin of the
inclined or sloped portion 98, such that the structure presents
a continuous sloped surface for containing, and then slidingly
discharping, particulate lading. Expressed differently, the
web of the sidewall traverses the sidewall stiffener, commenc-
ing on its inboard margin at side sill 40, traverses the web
mid-way up the post, and ends along its outboard margin at
top chord 38. In this arrangement, the vertical stiffener, 102,
acts as the web of a T-section, and the local region of the wall
section to which it is joined functions as the flange of that
T-section.

In this example, the locus of intersection of the side slope
sheet plane Py, with the plane of the side wall sheet Py,, lies
above the level of side sill 40 by a substantial distance, indi-
cated as L,. This distance may lie in the range of ¥ to % of
the distance Lgy;-from side sill 40 to top cliord 38, and, in the
particular may be about ¥ of that distance. Further, altbough
the post has stiffening member web continuity in a vertical
plane, the wall sheet traverses the stiffening web intermediate
the top chord and the side sill, aud does so obliquely on the
slope of plane Py,.

16
The upper leg of channel 110 forms the upper flange of side

- sill 40, and the lower leg of channe] 110 forms the lower
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flange of side sill 40, Shear plate 76 forms the top flange of
main bolster 90. Main bolster 90 also has a lower or bottom
flange 91. In car 20 tbe upper leg of channel 119 is co-planar
or substantially co-planar with, and is connected in flange
continuity with, shear plate 76, Similarly, the lower leg of
channel 110 is co-planar or substantially co-planar with, and
connected in flange continuity with, bottom flange 91 of main
bolster 90.

Continuing with the sidewall asscmbly, the main sheet,
namely upper sheet portion 92, ends at the comers, and there
are respective first and second end upper web stiflener por-
tions and inwardly stepped plate members 112, which may be
termed “ears™. Thetop edge of each car is welded to the inside
face of top chiord 38 in a lap joint. Thelongitudinally outboard
end edge forms a plane to which the veriical end sheet of the
end slope sheet wall abuts and is welded. The bottom edge
follows the slope of, and is welded to, end slopc sheet 48, The
forward, transversely outwardly hent edge is welded to the
upperend portion of side sheet assembly 42, The lower region
of the main sidewall sheet also includes lightening apertures
114, in the space between the corner posts and the slope of the
end slope sheets. Finally, the Jower portion of region 100 of
the main sidewall sheet has longitudinal extensions 116 that
are welded to the side edges of the shear panel, namely shear
plate 76, outboard of main bolster 90, thereby forming a
portion of the peripheral flange of the shear plate.

End walls 30, 32 each include upper and lower sloped
surface members 122 and 124, which could be made as a
single piece, or as two pieces butt-welded together, as here.
Upper member 122 has notches 126 formed therein to accom-
modate corresponding, corner posts 82, 84 as may be, with
local reinforcement doublers 128 at the junction. Lower por-
tion 124 tapers in width to match the narrowing width
between the sloped side sheets with which it mates. At the
upper end of end wall 30 the end wall assembly includes a
laterally extending first formed member 130 that has a first,
vertical leg 132 that laps the inside face of the top chord 86,
and a bent flange 136 that extends initially horzontally, with
a distal lip bent upward w mate perpendicularly with the
upper margin 138 of the end slope sheet 48. The distal tip of
end slope sheet 48 is fillet welded to vertical leg 132. This
results in a substantially triangnlar closed section defining a
laterally extending end slope sheet reinforcement beam 140.
The ends of this beam abut, are welded to, and are capped by
elephant ears 112. Vertical leg 132 also lies against, and is
welded to, end post 80.

A formed angle 142 is mounted toes-in at an intermediate
height on sloped end wall 48, forming thereby another hollow
section laterally extending end sheet reinforcement or beam
148.Verlical leg 144 of angle 142 is substantially aligned with
the central web of the corner post (be it 82 or 84} and therefore
also with the central web of the main bolster. Another formed
angle 150 is welded toes-in to the back of sioped end wail 30
at the level of shear plate, thereby forming yet another slope-
sheet reinforcement in the form of a Jaterally extending beam.

The corner posts 82 and B4 each have a lower comner post
flange plate 160 (that includes a lifting lug aperture) that has
a bottom tab welded to the outside, or back, of the end of side
sill 40 in line with the main bolster, then an angled portion
following the angle of the outside edge of the vertically
extending side wall reinforcements, 161, io an upper end at
the juncture of the side slope sheet with the side wall vertical
leg ofthe lower side wall sheet. Each end post has two internal
reinforcements 154, Each corner post also includes an inter-
mediate member, or web, or gusset, or plate 162, which is
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considerably wider than intermediate gusset 106, aud a sub-
stantially triangular inside edge web stiffener 164. Plate 162
is a quadrilateral. A first edge of plate 162 runs along the
upward and outward slope of wall extension 166. A second
edge runs vertically against the upper leg of wall extension
166. A third upper edge adjacent runs horizontally along
lateral reinforcement beam 148. The fourth edge runs verti-
cally downward to and along edge stiffener 164. As such, a
vertical post is established.

Considering FIGS. 3a, 3b and 3¢, center sill 44 includes a
bottom Blange or bottom cover plate 165, and a pair of spaced
apart webs 168. The central region of shear plate 76 forms the
top flange, or top cover plate of the center sill. At its inboard
end, the center sill terminates centrally under the hottom
lateral reinforcement of the end slope shect 48. A draft pocket
175 is defined between webs 168, shear plate 76 and bottom
cover plate 165 longitudinally inboard of the striker plate.

Center plate 72 is mounted at truckcenter CL-Truck, inline
with main bolster 90 and the corner posts 82, 84. Rear draft
stops 172 are welded within the center sill above center plate
72. As seen in FIG. 3¢, the inboard end of rear draft stop 172
extends longitudinally inboard of the truck center. While this
is known to have becn used in at lcast one single piece,
integrally cast draft sill, the inventor is unaware of such a
construction in ap all-welded fabrication draft sill assembly.
The removable draft sill access cover plate, or draft gear
carrier plate 174, which is bolted to the draft sill (i.e., the stub
sill) bottom flange margins, js mounted immediately longitu-
dinally outboard of center plate 72. Front draft stops 176 are,
in turn, mounted longjtudinally cutboard of carrier plate 174,
In this embodiment there is also a removable member, such as
a top leeway or access plate 178, mounted to shear plate 76.
Plate 178 is removed when draft gear 180 is removed or
installed. On installation, draft gear 180, to which yoke 188 is
already mounted, is fed into draft pocket 175 from below, on
anangle, wherehy the rear cornter protrudes upwardly through
the opening that is otherwise covered by plate 178. The front
cod of draft gear 180 is rotated into place, and the rear end is
rotated downward. As this occurs, yoke 188 is also raised into
place. Plates 178 and 174 are then reinstalled. The shank 182
of the coupler, 184 is inserted, and the coupler key 186 is fed
through the slot in front drafi stops 176 to link coupler 184,
and yoke 188 in the customary manner. It may be noted that
coupler 184 combines an AAR Type E shank with and AAR
Type F knuckle with a bottom shelf. Draft gear 180 itself has
abnormally shont travel, namely about 2% inches deflection
before going solid, as compared to a “normal™ deflection of
over 3" hefore going solid.

Draft sill webs 164 have, at their longitudinally outboard
end an end portion 190 of increased depth of section with a
downwardly protruding hulge or horn, such as might be
termed a “chin™. End portion 190 has an aperture or slot 192
formed therein to permit lateral sliding insertion of a coupler
support, carrier or bar 194 immediately behind striker plate
88. Removal of bar 194 permits yoke 188 lo be swung into
place during installation of draft gear 180. When coupler 184
is installed, the shank may rest on bar 194. Bar 194 is held in
place by bolts that secure it relative to webs 164. Overall, a
coupler installation of very short length is achieved. In this
example, Ly, may be in the range of less than 50 inches, and
in one embodiment may be about 38"+/-2", from the truck
center to the outboard face of striker plate 88. An alternative
expression of the relative compaciness of the drail gear is that
the length from the truck center to the pulling face of the
coupler, when the draft gear is extended in tension, is in the
range of less than 65 inches, and in one embodiment is in the
range of S3"+/-2".
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Car 20 may also include a door openiog mechanism 200.
There are left and right hand, or first and second, doors 62, 64.
Each door has a proximal, hinged edge 206, and a distal free
edge 208. The hinges are carried on hinge fittings welded to
mounting brackets depending from the slope sheets and side
sills. The hinges run parallel to the longitudinal or lengthwise
axis of the car, generally such that doors 62, 64 are longitu-
dinal doors. Each door has the form of a hollow section beam,
having a proximal beam 210 along the hinge side, a distal
beam 212 along the free edge, internal cross-braces, not
shown, and front and back skins or sheets or plates 214, 216.
The hinges arc indicated as 220, the end closure plates as 222,
224, The doors hzve door seal members 226, 228 that mutu-
ally engage when the doors arc moved to a closed position.
Seal members 226, 228 are sprung, such that when they are
closed they deflect somewhat and in so doing take on a spring
pre-load against each other. The door mechanism includes a
pair of first and second, matched left and right hand pivot
arms 230, 232; a corresponding pair of first and sccond drag
links 234, 236; a shared yoke 238, and a pair of slave links
240, 242 that each pick up on a knuckle fitting 244, 246 of
each of respective doors 62, 64. The whole assembly has left
and right hand symmetry.

Inasmuch as, when tripped, doors 62, 64 open under the
influence of gravity, particularly when assisted by the weight
of the lading being discharged, one may consider the motion
that occurs as the doors are closed in the sequence of views
4a, 4b, and dc; Sa, 5b, and 5¢; and 6a, 6b and 6c. Knuckles
244 and 246 are constrained by geometry to move in circular
arcs of fixed radii in planes perpendicular to the respective
axes of rotation of doors 62 and 64, thosc axcs being the hinge
axes of their respective hinges 220, which each lie in a plane
parallel to the x-z plane of the car centerline. The plane of
rotation of knuckles 244, 246 will then tend to be perpendicu-
lar to the central x-z plane. Slave links 240 and 242 are each
of fixed length; each has an end pivotally connected at a two
rotational degree of freedom knuckle, be it 244 or 246, as may
be; cach of slave links 240 and 242 has another end pivotally
connected at a second pivol conneclion at yoke 238; and slave
links 240 and 242 do not transmit a bending moment, and so
therefore pul! in pure tension. The upper, or near (i.e., proxi-
mal), ends of drag links 234, 236 are connected to the distal
ends of pivot arms 230, 232 at pivot connections 248, 250,
which may, if desired, share a common axis of rotation or
pivot pin.

Yoke 238 is constrained by symmerry to pull in an x-z
plane, which in the embodiment illustrated is the vertical
plane of the centerline of the car. As such, movement of yoke
238 away from the plane of motion of knuckles 244 and 246
will necessarily draw knuckle fittings 244 and 246 closer
together, and toward the vertical centerline plane of the car,
eventually causing resilient door seals 226, 228 mumally to
engage, thus closing the opening. This molion can be
achieved by pulling on drag links 234, 236. Each pivot con-
nection of slave links 240, 242 has a single angular degree of
freedom. Similarly yoke 238 has an angular degree of free-
dom about the axis of rotation of the axle, or trunpions. by
which it is pivotally mounted to the drag link, or drag iinks
234, 236. This gives the drag link connection two angular
degrees of freedom in total. As the drag links are withdrawn,
the slave links pull in tension, finding the natural hypotenuse
between the plane of the arc of motion of knuckle fittings 244,
246 and the pilane of motion of drag links 234, 236. Since this
mechanism operates in tension, pivot connections 248, 250
and kouckle fittings 244, 246 are co-planar, with drag links
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234, 236, yoke 238, slave links 240 and 242, and their asso-
ciated pivot connections also lying in that same plane as well.
(See FIGS. 3a, 5b, 5¢).

Driving force for this system is provided by an actuator,
identified as 260. Actuator 260 may be a pneumatic actuator,
which may be charged by the pneumatic system of the train
generally, as supplied through the pressurized air connection
of the train line. Actuator 260 may include its own reservoir
and check valve. Actuator 260 is connected to move a first

20

more compact installation, in particular one that is longitudi-
nally short as may suit the short distance from the truck center
to the striker. It is also an installation that may tend to leave
space for other car systems, such as the brake system.

This acrangement may be thought of in terms of'a four bar,
or multi-bar, linkage. The first bar of the linkage may be
thought of as being the underframe, and structure rigidly
mounted to the underframe. This is the datum, or fame of
reference member of the linkage. The second member or

member, in the nature of a primary driven pivot arm or lever, 10 linkage component is the first pivot arm, 230 {or 232) having
262, which is in this instance actually a pair of matched lever ~ a fixed main pivot point, and an output distal pivot point
arm members, which in turn is pivotally connected to, and constrained to move on a fixed radius about main pivat point
drives, a second member in the nature of, a pushrod, or, given ~ P,4,. The fourth component or element of the linkage is the
the symmetrical nature of the assembly, a pairof left and right second pivot arm, namely 62 or 64, each of which is a second
hand push rods 264 and 266. Onec or both of push rods 264, 15 lever or pivot amm mounted to a pivot axis fixed with respect
266 may have a secondary member, such as may beanextend-  to the first or datum link, and having a distal counection, in
ing arm, or detent, or siop, or abutment, identified as an this case also a pivot connection, constrained to move in an
over-center travel limiter or govemor, 268. The far ends of  arc of constant radius about the base pivot axis. The third
push rods 264, 266 may bc connected to cither pivot (or 232, linkage is the drag link. Although the drag link is made of two
as may be), or to drag link 234 (or 236, as mnay be). It may be 20 portions that are held together at yoke 238, the geometric
convenient to connect the far end of push rods 264, 266 atthe  symmetry of the assembly constrains both the upper portion
same pivot connection, or connections 248, 250. of the drag link, {i.e., drag link 234, 236) and the lower

Lever 262 has a first end pivotally mounted to primary portions, {i.c., slave links 240, 242} to be co-planar during
struciure of car 20 at footings, identified as mounting fixtures, closing of the doors. In any case, the single input of the
fittings or brackets 270. The drive rod ofactuator260 picks up 25 actuator cylinder acting through the over-center links against

on lever 262 at an intermediate location, such that lever 262
provides magnification of displacement. Similarly, pivot
arms 230, 232 have a first or base end pivotally connected to
primary structure at mounting fixtres, fittings, or brackets
272. Actuator 260 is located on the centerline (i.e., in the
central x-z plane) of car 20, between and in substance below
pivot arms 230, 232. “Below™ in this context may be thought
of as radially more proximate to the pivot axis P,,, of brackets
270 than is the pivot axis of connections 248, 250, as wcl] as
in the context of being lower than as in closer to Top of Rail.
In the past the lever fitling bas more commonly been mounted
to the slope sheet such that the output pin is lower than the
poeumatic cylinder. Tumning this arrangement upside down,
in effect, and fitting the cylinder may then permit a2 more
compact installation than otherwise. Similarly, the pivot axis,
P, 30, 0f driven arms 230, 232 is below the output knuckle, i.e.,
at P, 5., and is below the actuator cylinder asshown in FIG. 56
in which P, lies below the center line CL,,, or actuator 260.
This may be taken in the sense of being further from the plane
of the end slope sheets, identified as P,5. Expressed differ-
ently, actuator 260 lies between the base or datum pivot point
P, s, of driven arms 230, 232 and the plane P,,; of end slope
sheet 48.

As may be noted, the line of action of drag links 234, 236

40

45

the first pivot amm (at the distal pivot connection) produces a
unique output geometry such that position of the elements is
determinate as if it were a four bar linkage.

When the door opening apparatus is retracted to the posi-
tion shown in FIGS. 4¢, 5S¢ and 6e, driven primary pivot arms
and the over-center links are driven to a slightly over-center
relationship such that the pivot connection between the pri-
mary pivot arms and the over center arms lies below a line
drawn from the primary pivot axis and the over-center link
output connection as axis P,,. In this condition tensile force
ondrag links 234 and 236 (as from weight placed on doors 62,
64, for example) will tend to urge the main driven pivot arms,
namely lever 262, counter<clockwise as viewed in FIG. 4c.
Motion in this direction is prevented by the over center stop,
268, thereby defining a first lock that prevents inadvertent
opening of doors 62, 64 from moving to the open position
when actuator 260 is dormant, i.e., inactive. This first lock is
released by reversing actuator 260 to open the doors.

Car 20 has a secondary door mechanism, or secondary
latching system, identified generally as 300. This secondary
latch system, and, indeed, the door closure linkage apparatus
of FIGS. 7a-7e, are slightly different from those shown in
FIGS. 44, 5a, and 6a. In latching system 300 there is a latch
assembly 302, shown in FIGS. 7a and 75. Assembly 302

has a predominant component that is substantially parallelto so includes a first member, or main member, or plate 304, which
plane P,,,. Expressed differently, at some point during mid-  performs the function of a body or annature or spider that ties
stroke, the line of action will be at least instantancously the other various physical elements of the assembly together.
parallel to plane P,4. Finally, it may be noted that rather than Along one edge plate 304 has physical motion constraint
placing actuator 260 on shear plate 76, and orienting actuator  fittings, identified as hinge fitrings 306, that limit plate 304
260 such that its longimdinal axis (i.e., the working axis or 55 (and assembly 302 more generally) to a single degree of

axis of reciprocation of the actuator), that actuator is itself
raised upwardly from the shear plate and oriented to work
along a line of action that Is tilted downward and lengitudi-
nally inboard, the angle of tilt being idenlified as a,4,. This
angle of inclination lies in the range from horizontal to the
angle of inclination of end slope shect 48, identified in FIG. 5¢
as O,,. Placing tike mounts and pivot points under the appa-
ralus, raising the actuator cylinder, crienting it on an incline,
and making the line of action or the zone swept by the dra-
glinks in the progressions of FIGS. 4a, 45 and 4¢ (or 5a, 55
and 5¢) tend to correspond to a displacement substantially or
predominantly parallel to plane Pg, all aid in providing a

50
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freedom, that single degree of freedom limiting plate 304 to
motion of any point to motion in a plane perpendicular to the
hinge axis, and in particular to pivotal motion m that plane
about that axis. To the extent that the hinge axis is substan-
tially or predominantly parallel to the axis of reciprocation of
pocumatic actuator 260, that motion can be said to be side-
ways, or predominantly transverse of cross-wise to that direc-
tion of reciprocation.

Plate 304 has 2 porion or finger, or arm member 308
extending away from the hinge. In this case, arm member 308
extends arcuately away, and has a benl tenmination, or end, or
lip, or tip, indicated at 310. Another member 312 in the form
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of a block is mounted, e.g., welded, at the distal end of arm
member 308. Member 312 has the same general shape, a
dog-leg bend, as tip 310. Member 312 has a first, generally
inwardly (i.e., away from the tip) facing surface 314 that
defines an abutment 316. Member 312 also has an oblique
surface 318 that defines a wear or cam surface, which may be
fermed a reset cam, or return cam.

Another member 320, which may have the form of a plate
or block, is welded to the major portion of the body of plate
304 relatively close to the hinge axis. The axially foremost
face of member 322 is relieved-—i.e., it does not define o face
in a plane perpendicular to the hinge axis—or to the axis of
reciprocation of the pneumatic actuator clevis. This face may
be arcuate or chamfered, and so defines a first or deflection
cam 324. That is, as installed, it lies in the path of actuator
clevis 330. When the leading comer of clevis 330 encounters
cam 324, plate 304 will lend (o be urged 1o rotate, i.e., pivol,
about its axis in the clockwise direction as viewed looking
from actuator 260 toward hopper 52. Asscmbly 302 also
includes a motion resisting, or return biasing member in the
form of a spring, identified as leaf spring 326 that is anchored
at the proximal end to statiorary structure of the secondary
lock footing, or basc, 328 which is welded to shear plate 76.
The footprint of base 328 against shear plate 76 is planar. The
hinge axis is inclined relative to the plane as shown, the angle
of inclination being substantially similar to, and possibly the
same as, the mid-stroke angle of inclination of actuator 260
{which, itself, varies slightly during operation). The distal end
of spring 326 bears against plate 304 distant from the hinge.
Finally, assembly 302 includes reaction force transmission
members 332, 334 in the torm of welded flat bars that bear
against, i.e., abut, the longitudinally outboard face of mount-
ing fitting 270 when the latch is in the engaged position.

In operation, as actuator 260 works, lost motion is taken up
in slot 336 of the distal or forward end 338 of the reciprocat-
ing actuator ram. Eventuaily the end of slot 336 engages a
pivot pin 340 of bell crank arm 342 and causes driven member
344 (analogous to driven member 262), causing it to rotate
counterclockwise as viewed in FIG. 7a. This forces push rods
346, 348 (analogous to push rods 264, 266) o act againsi
connections 248, 250, and hence to force drag links 234, 236
along their rctracting path. Since 262, 264, 230 and the car
body form a four bar linkage, the output path of connections
248, 250 is determinate and unique.

While this happens, clevis 338 keeps moving rearward to
engage reset cam surface 318, with the effect that assembiy
302 is urged to rotate out of the way, against the resistance of
spring 326 (FIG. 74). Eventually the trailing portion of clevis
338 clears cam 324, and soon thereafter the most longitudi-
nally inboard edge of driven member 344 clears abutment
316. Assembly 302 then moves under the influence of spring,
326 into the locked position shown in FIG. 7e. In this locked
position, any moment tending to pivot driven member 344
clockwise is reacted not by the hinge fittings, but rather by the
reinforcements, namely members 332, 334, In this locked
position driven member 344 and push rods 346, 348 are
drawn to, and locked in, their over center position.

When the doors are to be released, actuator 260 moves in
the apposite direction. The lost motion of the length of slot
336 reverses, such that the end of clevis 338 bears against the
release cam, namely cam surface 324, which causes plate 304
to pivot away, and thus disengages abutment 316, moving it
out of the path of driven member 262 against which it would
otherwise abut. The outboard end of slot 336 then engages pin
340, releasing the over-center hold of driven member 344,
and permitting the doors to open under the influence of grav-

ity.
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The cams need not necessarily be onthe plate, i.e., thelatch
body, but could be on the clevis, as shown at 350 in FIG. 4c.
That is, it is to some extent arbitrary which part is identified as
the cam, and which part is identified as the cam follower. The
point is that the parts mutually engage such that the one
intercepts the other during motion of the actuator cylinder to
trip the door opening condition, with the result that the sec-
ondary latch is urged to deflect out of the way sideways, In the
other direction, of course, the abutment relationship of items
262 and 316 prevents the doors from opening, The apparatus
of FIG. 4¢ works in substantially the same way, and combines
both amms of the bell crank driven member 344 into a single
driven lever, namely lever 262.

In summary, car 20 bas a first lock, the over center lock,
operable to prevent movement of the door from the closed
position to the open position when the door actnator is inac-
tive. Car 20 also has a second Jock, symbolized by tatching
system 300, operable to prevent movement of the door from
the closed position to the open position when the door actua-
tor is inactive if the first lock should fail. The second lock is
movable between an engaged position in which it prevents
movement of the door 1o the open position thereof. In moving
between the engaged and disengaged positions, the sccond
lock has a displacement that is predominantly cross-wise to
the first direction of the reciprocation of the door actuator.
Actuator 260 is positioned to reciprocate in the central length-
wise-vertical plane of car 20. Latching system 300 is movable
predominantly transverse to the central lengthwise-vertical
plane as it pivots in a circumferential direction between the
engaged and disengaped positions. The hinge axis lies paral-
lel to the lengthwise vertical plane, and the second lock pivots
circumferentially. The second lock is biased toward the
engaged position. The fock mechanism can be thought of as
having a first fitting, a sccond fitting and a third fitting, The
first fitting is the mounting, 238 by which to connect the lock
mechanism to the datum structure. The second fitting is one ol
acam ora cam fotlower for co-operation witha member of the
door actuating transmission. The third fitting is the abutment,
i.e., 316, that co-operates with a mating part of the door
acluating transmission, in this case the side o[ lever 262. The
third fitting is movable hetween a first position and a second
position, in the first position the abutment being presented to
obstruct motion of the mating fitting of the door actuating
transmission and thereby to prevent the door from moving to
an open position thereof. The second fitting is movable
between a first position and a second position, in the fitst
position thereof the second fitting being positioned to inter-
cept the member of the door actuating transmission and to be
deflected away from the first position toward the second posi-
tion thereby. The first fitting has a first degree of freedom of
motion permitting the first and second fittings to move
between their respective first and second positions. The
degree of freedom constrains the third fitting to motion pre-
dominantly cross-wise to the axial direction. The bias mem-
ber is a spring having a first end and a second end, the first end
heing, mounted to bear against the body of the lock mecha-
nism, the second end having a foot for reaction against the
datum structure, namely shear plate 76. The first degree of
freedom of motion is an angular degree of freedom, and is
predominantly cross-wise circumferential motion. The axis
of rotation is the hinge axis, which is substanttally parallel to
the axial direction of the door actuating transmission.

Various embodiments have been described in detail. Since
changes in and or additions to the above-described examples
may be made without departing from the nature, spirit or
scope of the invention, the invention is not to be limited to
those details.
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We claim:

1. A rail road hopper car comprising:

a hopper carried between a pair of trucks, said hopper
having first and second upstanding sidewalls running
lengthwise thercalong;

said hopper having a lower discharge and convergen! slope
sheets giving onto said discharge;

said rail road car having a side sill and a top chord,

said first upstanding sidewall extending from said side sill
to said top chord;

said first upstanding sidewall having a predominantly
upwardly running sidewall stiffener mounted thereto,
said sidewal] stiffener being located at a longitudinal
station intermediate the trucks;

said first upstanding sidewal] having a first region, said first
region being a lower region thereof’

said first upstanding sidewall having a second region, said
second region being an upper region thereof;

said sidewall stiffener having a first portion, said first por-
tion being a lower portion thereof, said first portion
being mounted to said first region of said first upstanding
sidewall;

said sidewall stiffener having a secend portion, said second
portion being an upper portion thereof, said second por-
tion being mounted to said second region of said first
upstanding sidewall;

said first portion of said first upstanding sidewall stiffener
being laterally outboard of said first region of said first
upstanding sidewall;

said second portion of said sidewall stiffener being later-
ally inboard of said second region of said first upstand-
ing sidewall;

said first sidewall having a continuous section between said
first and second regions thereof; and

said sidewsll sliffener having web continuity between said
first and second portions thereof.

2. A rail road hopper car comprising;

a hopper carried between a first end section and a second
end section;

said first and second end sections being catried by respec-
tive first and second trucks for rolling motion in a lon-
gitudinal direction along railroad tracks;

said hopper having first and second upstanding sidewalls
running, lengthwise therealong;

said hopper having a lower discharge and convergent slope

sheets that slope downward toward said discharge;

said discharpe having a door movable between a closed
position and an open position to govern egress of lading
from said hopper;

one of said convergent slope sheets being a first end slope
sheet;

said first end slope sheet extending laterally between said
first and second upstanding sidewalls;

said first end slope sheet having a first, lower, longitudi-
nally inboard end proximate said discharge, and a sec-
ond, upper, longitudinally outboard end distant from
said discharge;

said first end section having a first drafl sill and a main
bolster extending cross-wise to said first draft sill, said
first draft sill and said main bolster intersecting at a first
truck center, said first truck being located centrally
under said first truck center;

said draft sill having & striker longitudinally outboard of
said first truck center;

said first end section having a shear plate mounted overtop
of said first draft sill and said main bolster;
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said sbear plate having a longitndinally inboard margin
adjacent to said longitudinally inboard end of said first
end slope sbeet;

said shear plate having a longitudinally outboard cross-
wise running margin traversing said draft sill longitudi-
nally outboard of said truck center;

said upper, longitudinally outboard end of said first end
slope sheet being reinforced by a first cross-wise extend-
ing beam;

said lower, longitudinally inboard end of said first end
slope sheet being reinforced by a second cross-wise
extending beam;

said first end slope sheet overhanging said shear plate;

a door actuater mounted above said shear plate, said door
actuator being at least partially overhung by said first
end slope sheet;

said door actuator being connected to said deor by a
mechanical transmission;

said first end section being free of longitudinally oriented
elephant ears extending between said draft sill and said
first end slope sheet;

said hopper having respective first and second top chords
running longitudinally therealong;

said car having respective first and second side sills run-
ning longitudinally between said first and second end
sections;

said first upstanding sidewall having a predominantly
upwardly ninning sidewall stiffener mounted therete,
said sidewall stiffener being located at a longitudinal
station intermediate the trucks;

said first upstanding sidewall having a first region, said first
region being a lower region thereof; ‘

said first upstanding sidewall having a second regian, said
second region being an upper region thereof;,

said first and second regions of said sidewall adjoining
each other at a height intermediate said first side sill and
said first top chord;

said second region of said sidewall extending downwardly
or said first top chord;

said first region of said sidewal] extending downwardly and
laterally inboard from said second region of said side-
wall;

said sidewall stiffener having a first portion, said first por-
tion being a lower portion thereof,

said first portion being mounted to said first region of said
first upstanding sidewall;

said sidewall stiffener having a second portion, said second
portion being an upper portion thereof, said second por-
tion being mounted to said second region of said first
upstanding sidewall;

said first portion of said first upstanding sidewall stiffener
being laterally outboard of said first region of said first
upstanding sidewall;

said second portion of said sidewall stiffener being later-
ally inboard of said second region of said first upstand-
ing sidewall;

said first sidewal} having a continuous section between said
first and second regions thereof; and

said sidewall sti ffener baving web continuity between said
first and second portions thereof.

3. The rail road hopper car of claim 2 wherein said first and
second portions of said sidewall stiffener are substantially
co-planar, and are substantially vertically aligned when seen
in a sectional view looking along the car.

4. The rail road hopper car of cleim 2 wherein said first
upstanding sidewall has & third region intermediate said first
and second regians, said third region including a side sheet
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transition portion passing across said sidewall stiffener from
an inboard margin thereof to an outboard margin thereof, and
said stiffener having vertical web continuity through said

transition portion.

5. The rail road hopper car of claim 4 wherein said first 5
sidewall has an overal] height from said first side sill to said
first top chord, L, and said transition portion is located a
distance above said first side sill that is in the range of Ya to %A

L

' 6. The rail road hopper car of ¢laim 2 wherein:

10

said first upstanding sidcwall has a third region intermedi-
ate said first and second regions, said third region includ-
ing a side sheet transition portion passing across said
sidewall stiffener from an inboard margin thereof to an

outhoard margin thercof;

15

said hopper includes first and second sloped side sheets;

and

said first sloped side sheet meets soid first sidewal! at said

fransition portion.

7. The rail road hopper car of ¢claim 6 wherein said first 20
sidewall has an overall height from said first side sill to said
first top chord, L, and said first sloped side sheet meets said
transition portion at an height that is in the range of Yato 25 L

ahove said first side sill.

8. The rail road hopper car of claim 2 wherein said hopper 25
has a cross-wise extending outboard end top chord; and an
end post extends from said draft sill fo said end top chord, said
end post being mounted above said draft sill between said

truck center and said striker.

9. The mil road hopper car of claim § wherein:

30

said hopper has an end wall extending dowaward of said

end top chord,

said upper, lonpitudinally outboard end of said first end
slopc sheet meets said downwardly cxtending end wall;

and

IPR2025-01046, 47 - National Steel Car Limited Exhibit 2057
FreightCar America Inc. v. National Steel Car Limited
Page 589

26

said first cross-wise extending beam is located where said
downwardly extending end wall meets said first end
slope sheet; and

said first cross-wise extending beam 1s of hollow cross-

section.

10. The rail road hopper car of claim 8 wherein said shear
plate has latera] margins; said lateral margins of said shear
plate mate with said first and second side sills; and said
sidewall stiffener is supported by a respective one of said side
sills.

11. The rail road hopper car of claim 10 wherein said main
bolster has first and second ends; and first and second corner
posts extend upwardly from said first and second ends respec-
tively to mate with said sidewalls.

12. The rail road hopper car of claim 2 wherein said main
bolster has first and second ends; and first and second corner
posts extend upwardly from said first and second ends respec-
tively to mate with said sidewalls.

13. The rail road hopper car of claim 12 wherein said shear
plate has lateral margins; said lateral margins of said shear
plate mate with said first and second side sills; and said
sidewall stifTener is supported by a respective one of said side
silis.

14. The rail road hopper car of claim 2 wherein said shear
plate has lateral margins; said lateral margins of said shear
plate mate with said first and second side sills, and said
sidewall stiffener is supported by a respective one of said side
sills.

15. The rail road hopper car of ¢laim 2 wherein said first
and second portions of said sidewall stiffener are made of flat
bar, are positioned in vertical-transverse planes, are substan-
tially co-planar, and are substantially vertically aligned when
seen in a sectional view looking along the car.

L T
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