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PREFACE

The Federal Railroad Administration (FRA) is sponsoring
research, development and demonstration programs to provide im-
proved safety, performance, reliability and maintainability of
the rail transportation system at reduced life-cycle costs. The
Transportation Systems Center is supporting the FRA Office of
Rail Safety Research by developing engineering data sufficient
for characterization of the vehicle/track system and conducting
analytical and'éxpefimental studies under the Improved Track
Structure Research Program to provide the technological base for
meeting these objectives. These studies are aimed at developing
relationships between track design, construction, and maintenance
parameters and the safety and performance of the fleet of rail-
cars operating over the nation's track system in order to:

(1) Quantify vehicle/track dynamic responses associated with
variations in track geometry and structural compliance
for the range of rolling stock including freight,
locomotive and passenger vehicles in operation over the

track system network, and

(2) Develop improved performance-based safety standards for
track construction and maintenance which 1limit vehicle/
track dynamic interactions to safe and tolerable levels
at reduced life cycle costs.

Accomplishment of these goals reqﬁires development of a
physical characterization of the fleet of U.S. railway rolling
stock operating over the track system network. Engineering
parameter descriptions of freight, locomotive and passenger
vehicles are necessary in sufficient detail for use in analytical
simulation modeling to predict vehicle/track dynamic response
characteristics for the range of railcars and track conditions

which characterize the U.S. railway system.
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SUMMARY

The Federal Railroad Administration (FRA) is sponsoring re-
search, development and demonstration programs to provide improved
safety, performance, reliability and maintainability of the rail
transportation system at reduced life-cycle costs. The Transpor-
tation Systems Center is supporting the FRA Office of Rail Safety
Research by developing the technological base for improved track
safety standards. These studies are aimed at developing relation-
ships between track design, construction, and maintenance para-
meters and the safety and performance of the fleet of railcars

operating over the nation's track system in order to:

(1) Quantify vehicle/track dynamic responses associated
with variations in track geometry and structural com-
pliance for the range of rolling stock including
freight, locomotive and passenger vehicles in opera-
tion over the track system network, and

(2) Dévelop improved performance-based safety standards
for track construction and maintenance which 1limit
vehicle/track dynamic interactions to safe and

tolerable levels at reduced life cycle costs.

Accomplishment of these goals requires development of a
physical characterization‘of the fleet of U.S. railway rolling
stock operating over the track system network. Engineering
parameter descriptions of freight, locomotive and passenger vehi-
cles are necessary in sufficient detail for use in analytical
simulation modeling to predict vehicle/track dynamic responsec
characteristics for the range of railcars and track conditions

which characterize the U.S. railway system.

The fleet characterization must envelop a wide range of vehi-
cle configurations including approximately 1.7 million U.S.-owned
freight vehicles, 22,000 locomotives and 5,000 passenger vehicles.

In particular, the large freight vehicle population exhibits wide
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variations in length, capacity, car function and other design-
related features. Fleet characterization data must span this
range of equipment variation and configuration and provide engi-
neering parameter descriptions in sufficient detail for use in a
wide range of rail vehicle dynamic simulation models. Descriptions .
must include principal carbody and truck dimensions, masses and
inertias (including effects of representative loads carried),
carbody flexibility characteristics, parameters describing carbody/
truck interface, and truck suspension data.

The fleet characterization data in this report has been
developed by Pullman Standard RED of Hammond, Indiana. Volume I
is intended to serve as a user's guide and data directory to the
fleet characterization data contained in the appendices of Volume
ITI and to facilitate organizing various data elements into "com-
plete vehicle descriptions'" for use in vehicle simulation modeling.
Volume II also describes the detailed methodology used to generate
the characterization data.

The fundamental problem associated with developing the desired
data for the fleet of 1.7 million U.S. freight vehicles at the
desired level of detail, involves making reasonable tradeoffs
between the extremes of detail and accurate representation. The
quality and nature of information available from the literatﬁre
was a major influence on the methodology used to develop the re-
qQuired data. There are several detailed vehicle characterizations
available in the published literature based on FRA and AAR/TTD*
sponsored test programs, but these characterizations are represen-
tative of a very small fraction of the fleet. On the other hand,
there are two major fleet registers available for analysis, which
cover the entire freight vehicle fleet and contain significant
amounts of useful dimensional and design related data on indivi-
dual vehicles. However these registers provide little information
on vehicle characteristics such as masses, mass moments of”inertia,
carbody flexibility and parameters describing the carbody/truck
interface and truck suspension characteristics.

*Association of American Railroads/Track Train Dynamics Program
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The above considerations led to the approach of defining and
developing detailed engineering parameter descriptions for major
and distinctive vehiclé design categories, using the methodology
outlined in Figure 1. Each of the distinctive design groups iden-
tified is representative of a "standard" or "equivalent' vehicle
design group having a significant population in the fleet. A
total of 198 dimensionly-similaf freight vehicle design categories
(also referred to as design groups or DVCs) were defined, based on
analysis of fleet register data contained in the AAR's Universal
Machine Language Equipment Register (UMLER), to represent the
range of freight vehicle equipment types and variations in confi-
guration. The 1.7 million UMLER records were first sorted accord-
ing to the major mechanical car types including: Box, Stock,
Refreigerator, Open Hopper, Coveréd Hopper, Gondola, Flat, Vehicular
Flat (Autorack), and Tank cars. The records in each car type
category were then re-sorted into distinctive sub-groups defined
in terms of a matrix of ranges on primary and secondary physical
attributes describing each car type as contained in UMLER. Table
1 indicates the primary and secondary sorting attributes which
were used to define subgroups and the total number of subgroups
defined within each car type category. The primary sorting attri-
butes represent descriptors which have the largest influence on
vehicle design configuration and capacity while the secondary
sorting attributes were used fo make relatively minor (but signi-
ficant) distinctions between design groups. Table 2 illustrates
typical ranges of sorting parameters, population and other design-
related data extracted from UMLER, defining one of the twenty-five
box car design groups. Similar definitions were developed for
each of the nine mechanical car types and 198 design groups. Table
3 indicates the number of vehicles included in the design groups
for each mechanical c¢ar type and the total car type population
contained in the fleet register. It can be seen that approxi-
mately 96 percent of the fleet population 1is characterized.by the
198 design groups. Very small design‘groups were either elimina-

ted as inconsequential or lumped with similar design groups.
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TABLE 1. PRIMARY AND SECONDARY UMLER ATTRIBUTES USED IN DEVELOPING DVC DESCRIPTIONS**

Mechanical Draft Welight Tare Volumetric Truck Outside Inside Extreme Platform Door Number of
Car Type Gear: Capacity Weight Capacity Center Length Length Height Height Wides Design Groups
Type : Spacingk* . " . Type

Box s P P * P P P 5 W s 25
Stock ] P P * P P P ] * 5 2
Refrigerator S P P * P P P s * S 21
Covered Hopper s P S ] P P P S S * - 25
QOpen Hopper S P S P P 8 ) S S * * 30
Gondola S P P 8 P P P S * * 27
Flat (incl TOFC) S P P * P P P S . S T 26
Vehicular Flat  § P P « P P P s s * 6
Tank . S P P * P P * S * * 36

Total Number of Design Group 198

Primary Attribute

Secondary Attribute

Not available or not applicable
Not always available in UMLER

» * W "o
LI BN I ]



TABLE 2. BOX CAR GROUP NO. 12A

Description Range of Possible Values

Inside Length 50" to 50'11"

Outside Length 54' to 55'11"

Extreme Height 14' to 15'11"

Door Width ~ 8' to l0'1l"

Door Configuration ’ "' Centered

Nominal Weight Capacity 140,000 1b. to 160,000 1b.
Light (Tare) Weight : 56,000 1b. to 71,000 1b.
.Draft Gear or Cushion Standard (Draft Gear)
Truck Center Spacing 40' to 40’11’

?opulation 102,171 (21.5% of box car flect)

Note: Medium Length and Weight Capacity Vehicles.



TABLE 3.

MECHANICAL CAR

NUMBER OF DISTINCTIVE VEHICLE CONFIGURATIONS
AND PERCENTAGE

OF POPULATION REPRESENTED BY

TYPE -

MECHANICAL NUMBER OF NUMBER OF TOTAL PERCENT
CAR TYPE DISTINCTIVE VEHICLES CAR TYPE POPULATION
'DESIGN CATEGORIES INCLUDED 1Y POPULATION INCLUDED 1IN
FOR EACH DESIGY (UMLER) DESIGN GROUPS
MECHANICAL CATEGORIES
f CAR TYPE
BOX ! 25 458,019 476,179 96.2%
STOCK 2 4,895 5,590 87.6%
REFRIGERATED 21 94,565 98,896 95.6%
COVERED HOPPER 25 226,957 241,112 94.1%
OPEN HOPPER -30 355,450 366,769 96.9%
GONDOLA 27 183,911 189,495 97.1%
FLAT 26 132,936 141,020 94 .3%
VEHICULAT FLAT 6 33,093 33,596 98.5%
TANK 36 177,072 187,539 94 .4%
ALL CARS 198 1,666,898 1,740,196 95.8%




After defining the freight vehicle design groups (or DVCs)
as discussed above, a single vehicle was selected as representa-
tive of each group and engineering drawings were selected from
Pullman's engineering files corresponding to each representative
vehicle. Important structural information was taken from these
drawings and used to compute engineering parameters extending the
physical characterization of each design group. Column A of Table
4 illustrates typical carbody data derived from the UMLER file and
from engineering computations to characterize a single box car

design group without lading.*

Representative ladings, average load conditions and associa-
ted vehicle/lading mileage estimates were also developed for each
major cartype through analysis of ICC waybill data and freight
commodity statistics and Pullﬁan's.knowledge of car-commodity
relationships. Lading data was developed for groups of commodities
in various load-density ranges and correlated with the (empty)
carbody data described above. Table 5 indicates typical lading
data developed and the numbér of vehicle/lading combinations (434)
resulting from correlating average load data with the 198 design
groups. Engineering descriptions for each of the 434 vehicle/
lading combinations have been provided by re-computing load-
dependent carbody parameters as shown in column B of Figure 4.
Finally, engineering data characterizing principal masses, inert-
ias, stiffness and other significant physical descriptors, was
assimilated from the literature and AAR design standards to char-
characterize five principal freight truck designs including 50,
70, 100, and 125 ton trucks and a low-profile truck used with
certain low-level vehicular flat cars. One of these five truck
designs was identified with each of the 198 design groups. A
small field measurement survey was also conducted to characterize
typical wheél profile wear patterns found on in-service freight
vehicles. This was done to provide supplemental data for use in

simulating freight vehicle lateral dynamics.

*Length between coupler pins and length of coupler werc cstimated
using AAR design standards.



Nominal Vehicle

Extended Characterization Based on

Descriptors

Engineering Computations or

TABLE 4. TYPICAL CARBODY CHARACTERIZATION DATA FOR
REPRESENTATIVE RAILCAR DESIGN

Example: Box Car Group No. 124

Column A Column B
Empty Loaded Vehicle
Vehicle (Carbody plus
Lading)(g)
Descriptor
Inside Length (ft) 50.5 no change
Qutside Length (ft) 54.5 no change
Extreme Height (ft) B . 15.08 no change
gDoor Width (ft) ‘ - 9 no change
S Door Type (-) Centered " no change
& Nominal Weight Capacity (1bs) 149,000 no change
gLight (Tare) Weight (1lbs) 63,500 no change
Draft Gear or Cushion (-) Standard no change
Truck Center Spacing (ft) 40.83 no change
Carbody Mass (lb—secz/in) 122.2 359.9
Carbody Yaw Inertia (in-lb-sec2) 4.24 x 100 11.81 x 106
Carbody Pitch Inertia (in—lb—secz) 4.3 x 106 11.67 x 106
2 Garbody Roll Inertia (in-lb-sec?) 4.8 x 10° 8.64 x 10°
.§C.G. Height (in) ' 69.6 72.8
E Vertical Bending Stiffness (1b/in) 4 x 106 no change
: Lateral Bending Stiffness (1b/in) 1.8 x 106 no change
ngorsional Stiffness (in 1b/rad) 41 x 107 no change
= Length Between Coupler Pins (in) 596 no change
E Length of Coupler (in) 29.3 no change
Vertical‘Bending Mode Frequency (Hz) 38.0 22.6
Lateral Bending Mode Frequency (Hz) 31.1 18.2
Torsional Mode Frequency (Hz) 14.6 10.9

(1)

Data shown is for one of six lading groups identified for this car-—
Commodity group includes: Food and kindred products, Lumber, Pulp
and Paper, Machinery (commodity load-density range of 24 to 40 1lbs/
cu. ft.)

S-9



TABLE 5. TYPICAL LADING DATA AND VEHICLE/LADING COMBINATIONS

Part A Typical Lading Data

o Commodity density groups and load density ranges
o Average density

o Average weight per carload

0 Average. volume per carload

0 Number of carloads

0 Average miles per 'carload

Part B Vehicle/Lading Combinations

Mechanical No. of Design  No. of Commodity No. of Vehicle/
Car Type Groups Groups per car type Lading Combinations
Box 25 6 150
Stock 2 1 2
Refrigerator \ 21 2 42
Covered Hopper 25 1 25

Open Hopper 30 1 30
Gondola 27 >2 or 3 76

Flat 26 2 or 3 67
Vehicular Flat 6 1 6

Tank _36 . 1 _36

198 434



The carbody, lading and truck data discussed above was organ-
ized and codified to provide information describing 198 complete
vehicle descriptions characterizing the U.S. freight vehicle fleet
and an additional 434 complete vehicle descriptions characterizing
the freight vehicle fleet with representative ladings.

Design group population data and estimates of total annual
mileage traveled by each of the 632 complete vehicle descriptions
were also developed. Additional grouping of the 632 freight vehi-
cle descriptions was done t0'providé a smaller number of railcar
descriptions which are generically similar in terms of principal
physical descriptors such as, gross weight, truck center spacing,
center of gravity height, carbody flexibility and truck suspension
Characteristics. Similar carbody and truck design data was
developed to characterize the fleet of (a) 22,000 locomotives in
terms of five principal locomotive carbody and truck design groups
and (b) 5,000 passenger vehicles in terms of four principal pas-
senger carbody and truck design groups.

Some typical applications of the fleet characterization data
described above include the following:

(a) Freight vehicle design and estimated mileage data was
used by TSC in conjunction with data from UMLER and FRA
accident reports to define principal dynamics-related
freight vehicle derailment scenarios in terms of
causal factors, speed, track conditions and physical
attributes of derailed freight vehicles. Freight vehi-
cle configurations having a high incidence and frequency

of derailment were also identified.

(b) Engineering data describing vehicle configurations
identified in principal freight vehicle derailment
scenarios was used by TSC in dynamic simulation model-
ing of the vehicle/track system for developing require-
ments for controlling vehicle dynamic response to track

crosslevel and alinement geometry.



(c)

(d)

The fleet characterization data is directly applicable
to the Federal Emergency Management Agency's objectives
of creating a multi-modal transportation information

data base enumerating rail transportation resources.

The fleet characterization data can be used in other
vehicle/track dynamic analyses to model: specific vehi-
cle designs; groups of railcars typical of a particular
type of service (e.g. all bulk commodity cars); or in
more global analyses considering the entire fleet of
U.S. railway rolling stock described in terms of a
reduced number of generically similar railcar confi-
gurations.



1.0 INTRODUCTION

1.1 BACKGROUND

The Tramsportation Systems Center, in support of the FRA
Office of Rail Safety Research, is conducting analytical and
experimental studies of the interrelationship between track
geometry variations and railcar safety related dynamic response
under the Improved Track Structures Research Program. In order
to conduct these studies, a physical'characterization of the
fleet of U.S. railway rolling stock, including locomotive, freight
and passenger vehicles, is required for use in analytical simula-

tion models which will be used to predict the dynamic performance
of:

(a) Railcars typical of those having a high incidence and
frequency of derailment in selected derailment scenarios.

(b) Railcars typical of a particular type of service (e.g.,
all bulk commodity cars), and/or

(c) The entire fleet of U.S. railway rolling stock described
in terms of generically similar classes of railcars for
more global analyses of the vehicle/track system
network aimed at developing improved performance-based
standards for track geometry.

The fleet characterization must envelop a wide range of
vehicle configurations including approximately 1.7 million U.S.
owned freight vehicles, 22,000 locomotives and 5,000 passenger
vehicles. In particular, the large freight vehicle population
exhibits widé variations in length, capacity, car function and
other design-related features. Fleet characterization data must
span this range of equipment variation and configuration and
provide engirneering parameter descriptions in sufficient detail
for use in a wide range of rail vehicle dynamic simulation quels.
These models may be used for assessing railcar lateral stability,
lateral/roll/yaw forced response (e.g., harmonic roll), vertical

pitch/bounce forced response, longitudinal train action, and



curving performance. Engineering parameter desériptions must
include all principal carbody and truck dimensions, masses and
inertias (including effects of representative loads carried),
carbody flexibility characteristics, parameters describing car-
body/truck interface, and truck suspension data.

The fleet characterization data in this report has been
developed by Pullman Standard R§D of Hammond, Indiana, under
Contract DOT-TSC-1362, entitled "Engineering Data for Characteri-
zation of Railway Rolling Stock and Representative Ladings and
Wheel Profiles.” Volume I is intended to serve as a user's
guide and data directory to the fleet charaterization data
contained in the appendices of Volume II and to facilitate organ-
izing various data elements into "complete vehicle descriptions"
for use in vehicle simulation modeling. Volume II also contains
the detailed methodology used to generate the characterization
data.

1.2 APPROACH

The fundamental problem associated with developing character-
izing data for the fleet of 1.7 million U.S. freight vehicles at
the desired level of detail, involves making reasonable tradeoffs
between the extremes of detail and accurate representation. At
one extreme, every vehicle can be considered distinctive in
some way. However, characterization of the fleet in this manner
would obviously result in a prohibitively expensive venture
producing an unmanageable amount of information. At the opposite
extreme one might consider characterizing the fleet in terms of
just a few, representative vehicles. The large variations in
equipment size, capacities, mechanical configurations and func-
tions, however, are broad enough such that this approach would
not produce information in adequate detail to accurately model a
significant part of the fleet.

The amount of data available in the literature must also be
considered. There are several detailed vehicle characterizations
available in the published literature based on FRA and AAR/TTD



sponsored test programs, but these characterizations are repre-
sentative of a very small fraction of the fleet. On the other
hand, there are two major fleet registers available for analysis‘
(10,11), which cover the entire freight vehicle fleet and contain
significant amounts of useful dimensional and design reléted data
on individual vehicles.

Detailed individual vehicle characterization and the all-
encompassing fleet register both include parts of what is really
needed. The former characterizes a vehicle in the right depth
and detail; thé latter contaiﬁs information sufficient to define
major and distinctive categories of dimensionally similar
railcar designs which in the aggregate describe the composition
of the entire freight vehicle fleet. - The fleet register file
does not, however, contain enough data to provide a detailed
characterization of these vehicle design groups.

The above considerations led to the approach of defining and
developing detailed engineering parameter descriptions for major
and distinctive vehicle design categories, as shown in Figure 1-1,
each category being representative of a "standard” or "equivalent"
vehicle design group having a significant population in the fleet.
A total of 198 dimensionally similar freight vehicle design
categories (or DVCs) were defined, based on analysis of fleet
register data, to represent the range of freight vehicle equipment
types and the variations in configuration. Figure 1-2 illustrates
the number and relative populations of these design .categories .by
cartype. A representative railcar was selected from each DVC and
extended engineering parameter descriptions were developed for this
vehicle, which in an approximate sense, are representative of the
entire group population. Representative ladings were defined for
each DVC and an additional 434 loaded-vehicle characterizations were
also developed. Majof freight vehicle truck designs were identified,
engineering parameter descriptions were assembled, and truck de-
signs correlated with freight vehicle carbody descriptions.
Representative freight vehicle in-service wheel profile descrip-

tions were also developed based on a small field measurement survey.
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The UMLER file used in these analyses was current as of
December 1977. Since the overall composition of the fleet does not
change rapidly from year to year the fleet characterization data
developed should be representative of the current fleet.. Lading
data was developed based on waybill sample data and ICC annual
carload statistics for CY1974, which was the latest available at
the time of this study. Overall lading statistics such as car-
loads and freight car miles traveled for the year 1974 are also

projected to be very similar te current statistics.

To provide a reduced number of freight vehicle characteri-
zations for use in more global rail systems dynamics analyses,
the 198 vehicle and 434 vehicle/lading characterizations have
been consolidated into a smaller number of generically similar
vehicle families and statistical engineering descriptions
developed for each family. This step is also shown in Figure 1-1.
These statistical descriptions will be useful in probabalistic
analyses of each railcar family to predict the likelihood of
dynamic response to statistically described track conditions.

Major and distinctive groups of locomotives and passenger
vehicles have also been defined and included in this report.
However, the relatively small populations of these vehicles
permits a more direct approach to developing engineering parameter
descriptions. On the other hand, the relatively complex suspension
systems (i.e. in comparison with the three-piece freight truck)
tYpically used by these vehicles make these characterizations more

difficult to complete in their entirety.



1.3 REPORT ORGANIZATION

Section 2.1 of this'report contains an overview description
of the freight vehicle characterization data developed and, to aid
in this description, some discussion of the methodology used to
generate this data. The data and detailed methodology descript-
ions are contained in Volume II.

Section 3.0 provides an overview description of the locomotive
and passenger vehicle data developed. - The data and detailed
methodology used to generate this data are contained in Volume II.

Section 4.0 contains supplemental discussions and/or data
on (a) computational methods used in computing freight vehicle
carbody parameters; (b) variations in freight vehicle truck sus-
pensions; and (c) development of gemeric families of freight
vehicles.

1-7/1-8






SECTION 2.0 . SUMMARY DESCRIPTION OF FLEET
CHARACTERIZATION DATA

A physical characterization of the fleet of U.S. railway rolling stoc&
including locomotives, freight and passenger vehicles, has been developed in
terms of engineering parameter descriptions for major and distinctive vehicle
design categories.  The following paragraphs provide an overview description
of the nature of the data developed and the methodology used to produce it.

2.1 OVERVIEW OF VEHICLE CHARACTERIZATION DATA

Major and distinctive freight vehicle design groups representative
of "standard" or "equivalent' vehicle configurations, having significant
populations in the freight vehicle fleet, have been developed tﬁrough anal-
ysis of the Universal Machine Language Equipment Register (UMLER). The
UMLER file was acquired from the AAR in the form of magnetic data tapes and
contains important dimensions and design-related information on the fleet of
approximately 1.7 million U. S. owned freight vehicles. The UMLER tapes
were first sorted to group vehicles on the Basis of similar mechanical design
and function, hence separate groups were established for box, stock, refrig-
erator, covered hopper, open-top hopper, gondola, flat, vehicular flat, and
tank cars. Each of these mechanical car types has a significant population
and individual cars (within a mechanical car type) exhibit large variations
in length, capacities and other'design related features. In order to provide
reasonable characterizations of the vehicles in each car type category, it
was necessary to establish sub-groups which were to a large degree identical
or at least very similar in terms of overall design. This was accomplishcd
by re-sorting the vehicles in each car type categorvy into distinctive sub-
groups defined in terms of a matrix of ranges on primary and secondary physical

attributes-describing each car type as contained in UMLER. For example, it



was found that the fleet of 476,000 box cars could be characterized by a
total of 25 distinctive design groups using. this procedure. The following
example illustrates the form of the resulting design group definitions for

each distinctive box car configuration.

Box Car Group No. 12A

(Medium Length and Weight Capacity Vehicles)

Description - : Range of Possible Values
Inside Length 50" to 50'11"
Outside Length ~ 54" to 55'11"
Extreme Height ) B 14" to 15'11v
Door Width | 8' to 10'11"
Door Configuration Centered
Nominal Weight Capacity ' 140,000 1b. to 160,000 1b.
Light (Tare) Weight 56,000 1b. to 71,000 1b.
Draft Gear or Cushion Standard (Draft Gear)
Truck Center Spacing 40' to 40'11"
Population | 102,171 (21.5% of box car flect)

It can be seen that box car groups are defined in terms of ranges on
principal dimensions, door size and configuration*, light weight (weight of
car body plus a carset of trucks), nominal weight capacity and draft gear
characteristics. After sorting in this manner, group population statistics
were developed. The box car design (group) cited above has a population of
over 100,000 vehicles and accounts for about 21.5% of the entire box car flecot.
Although this is the largest single group in terms of population, all of the
design groups have significant populations. Very small design groups have
either been excluded as inconsequential or lumped with similar design grouns
by adjusting gréup definitions as required. In the aggregate, about 96% of
all box cars registered in UMLER are represented by 25 box car design groupns

definitions similar to that described above. Table 2-1 summarizes: (a) the

W__"‘—"-_.—— - s - ’ - -
Door size and configuration has been included because of its influence

on carbody flexibility characteristics.



TABLE 2-1.

NUMBER OF DISTINCTIVE VEHICLE CONFIGURATIONS

AND PERCENTAGE OF POPULATION REPRESENTED BY
MECHANICAL CAR TYPE

MECHANICAL NUMBER OF NUMBER OF TOTAL PERCENT
CAR TYPE DISTINCTIVE VEHICLES CAR TYPE POPULATION
DESIGN CATEGORIES | INCLUDED IN POPULATION NCLUDED IN
FOR EACH DESIGN (UMLER) DESIGN GROUPS
MECHANICAL CATEGORIES
CAR TYPE
BOX 25 458,019 476,179 96.2%
STOCK 2 4,895 5,590 87.6%
REFRIGERATED 21 94,565 98,896 95.6%
COVERED HOPPER 25 226,957 241,112 94.1%
OPEN HOPPER *30 355,450 366,769 96.9%
GONDOLA 27 183,911 .189,495 97.1%
FLAT 26 132,936 141,020 94.3%
VEHICULAT FLAT 6 33,093 33,596 98.5%
TANK 36 177,072 187,539 94.4%
ALL CARS 198 1,666,898 1,740,196 95.8%




number of major and distinctive vehicle design groups developed to represent
the range of vehicle configufations comprising other mechanical car types,
(b) the aggregate number of vehicles included in the design groups (c) total
car type populations and (d) the percent population of each mechanical car
type represented by the design group definitions.

It can be seen that a total of 198 design groups were developed in
this manner to define all major and distinctive freight vehicle designs char-
acterizing the fleet of box, stock, refrigerator, covered hopper, open-top
hopper, gondola, TOFC and general flat, vehicular flat and tank cars. Ap-
proximately 96% of the 1.7 million freight vehicles registered in UMLER are
represented by the 198 design groups. Table 2-2 indicates the primary and
secondary attributes used in establishing design groups for the various
mechanical car types. -

Because many of the physical attributes used in developing the design
group definitions are dimensional in nature, the design groups are frequently
Teferred to as Dimensional Vehicle Categories or DVCs throughout Volume II A
and in later sections of this report. Hence the acronym "DVC" and the ex-
pression "'design groups" may be used interchangeably. In addition, the
various mechanical equipment types (box, stock, etc) are often referred to
as "mechanical car types" or simply '"car types'. However, all of these terms
are intended to denote either a major vehicle class or subgroups within
that major class. Equivalent references to a major class of vehicles or sub-

groups within that major class are listed below.

Major Class Subgroups Within
(e.g., all Box Cars or all Flat Cars) Major Class.
Mechanical Equipment Type Design Groups
Mechanical Car Type Dimensional Vehicle
Categories
Car Type _ NV(Cs



TABLE 2-2. PRIMARY AND SECONDARY UMLER ATTRIBUTES USED IN DEVELOPING DVC DESCRIPTIONS

Mechanical Drafc Welght Tare Volumetric Truck Outside Inside Ext reme Platform Doorx Number of
Car Type Gear Capacity Weight Capacity Center Length Length Height Height Wides Design Groups
Type Spacing#* Type

Box s P P " P P P s . s 25
Stock S P P * P P P S ' * S 2
Refrigerator s - P P . P P P s * s 21
Covered Hopper § P s P P P s s * * 25
Open Hopper S P S ' P P S S S » * * 30
Gondola S P P s P P P s .k * 27
Flat (incl TOFC) S P P * . P P P S s * 26
Vehicular Flat S P P x P P P S s * 6
Tank S P P * P P * ! S ok L4 36

Total Number of Design Group 198°

Primary Attribute

Secondary Attribute

Not available or not applicable
Not always available in UMLER

»* * L T
| DO I I



After defining the design groups (or DVCs) for each car type in the manner
described above, a single railcar design was selected to represent each of

the dimensionally similar design groups by searching Pullr=n's engineering files

to identify a vehicle having a nominal configuration (in terms of the primary and

secondary sorting parameters used to define each group) which is representative
ot the entire group population. Having selected a representative railcar design,

important structural data could be assembled from design drawings and other sources
for use in extending the physical characterization of the representative railcar
and in an approximéte sense, the entire design group population. Hence engineering
parameter descripfions were developed for each '"representative railcar by assembl-
ing data from the literature, the fleet register, design drawings, equipment manu-
facturers, FRA and AAR/Track Train Dynamics sponsored test program and/or by
computational methods.* Representative values of all principal carbody dimensions,
e.g., heights, weights and capacities; mass moments of inertia, carbody flexibility
characteristics and coupler and draft gear data have been assembled to characterize
each of the 198 carbody design groups. Table 2-3 indicates typical data developed
to characterize the boxcar design group previously discussed.

Freight vehicle truck characterization data has been assembled primarily from
published reports describing experimental test programs conducted by the AAR or
FRA sponsored contractors. [1,2,3,4] Engineering data includes assembled truck and
Component masses and inertias, principal dimensions, typical suspension character-
istics, aud nominal clearances between components. Data for 50, 70, 100, 125 ton
trucks and a special low-level truck design used with certain low platform
TOFC/COFC and vehicular flat cars was developed.

The 50, 70 and 100 ton capacity truck designs consititue the preponderance of .
truck designs in current use accounting for approximately 24%, 43% and 32% re-
spectively, of the freight vehicle truck population.

The typical truck suspension data provided is not comprehensive in the sense
that certain stiffness parameters are non-linear with spring travel and may also

vary with different spring group arrangements.**

'T—— . - - - - ~ .
A supplemental discussion on computational methods is provided in Section 4.1

**An overview discussion of these variations is provided in Section 4.2



TABLE 2-3.
REPRESENTATIVE

Example:

RAILCAR DESIGN

Box Car Group No. 12A

Descriptor
Inside Length

Outside Length

Extreme Height

Door Width

Door Type

Nominal Weight Capacity
Light (Tare) Weight
Draft Gear or Cushion

Truck Center Spacing

Carbody Mass

Carbody Yaw Inertia

Carbody Pitch Imnertia

Carbody Roll Inertia

C.G. Height

Vertical Bending Stiffness
Lateral Bending Stiffness
Torsional Stiffness

Length Between Coupler Pins
Length of Coupler

Vertical Bending Mode Frequency
Lateral Bending Mode Frequency
Torsional Mode Frequency

Note:
mileage and codification

Nominal Value
50.5 ft

54.5 ft

15.08 ft

9 ft

Centered
149,000 1bs
63,500 1bs
Standard
40.83 ft

122.2 # secz/in

4.24x10% in 1b sec
4.3x106 in 1b sec2
4.8x105 in 1b sec

69.6 in

4 x 10% 1b/in

1.8 x 10° 1b/in

41 x 10’ in 1b/rad
596 in

29.3 in

38.0 Hz

31.1 Hz

14.6 Hz

This table is for unloaded carbody only.

data.

2

TYPICAL CARBODY CHARACTERIZATION DATA FOR

Appendix A
Volume II

Physical

Attributes of
Representative
Railcar Design

Appendix C
Volume I1I

Extended Rail-
car Character-
ization Data
Based Primarily
on Engineering
Computations

Excludes population,



The appropriate truck has been correlated with each of the 198 representa-
tive design groups (or DVCs) by Summing the vehicle lightweight and weight capacity
and comparing it with the AAR standard rail load limit for each truck capacity
group. This permits a simple correlation to be made since in most cases the
vehicle weight capacity is defined as the difference between the rail load limit
for a particular truck capacity and the vehicle lightweight. The five trucl
designs are correlated with carbody designs using a "truck code"
identifier as described in Section 2.72.

~ Since many carbody parameters are load dependent, typical ladings carried

and representative loads and loading configurations are of interest. Representa-
tive ladings and average load conditions have been defined for each mechanical
car type through analysis of the FRA's 1% Waybill Sampling Tapes, supplemented
by annual carload data taken from the I1CC's Freight Commidity Statistics and
Pullman’s knowledge of car-commodity relationships. As a result of this analysis
it was determined that certain mechanical car types such as covered hopper, open
top hopper, vehicular flat stock and tank cars (about 50% of the carbody design
group were essentially commodity and load-dependent. As such, "'typical
ladings" could be characterized by a single commodity group which usually fills
the vehicle to maximum weight capacity. These commodity groups have average
densities which correlate with a carbody's weight capacity and volumetric
capacity since these cars were designed to carry bulk commodities having a
specific density. Other mechanical car types such as box, refrigerator, gondola,
and flat cars tend to be commodity independent, hence multiple ''representative'
ladings were required to describe typical loads for these vehicles.

As a result of the lading analysis,representative lading descriptions
have been defined for all principal commodity groups transported by each
mechanical car type in terms of specific commodities (or commodity groups),
average commodity density, average weight per carload, average volume per
carload, number of annual carloads, average mileage per carload and an
estimate of total annual car-milestraveled by each vehicle design group/

representative lading combination.



Representative lading descriptions developed for each mechanical car
type were correlated with the vehicle design groups charactérizing that
car type through a system of lading code identifiers and load-dependent car-
body parameters were re-computed for each loaded carbody configuration.
This resulted in 434 loaded carbody characterizations in addition to 198
empty carbody characterizations.

To complete the freight vehicle characterization effort a small field
measurerent survey was conducted with the object of defining typical wheel

profile wear patterns found on in-service freight vehicles. Wheel (and rail)
profile data contain important spatial data necessary for establishing non-
linear wheel/rail geometric constraint relationships which are important in
analyses considering lateral wheelset forces and/or displacements. Accordingly,
some representative in-service wheel profile data has been assembled to
provide additional data for use in analytical simulation modeling activities
concerned with railcar lateral dynamics, stability analyses, and/or curve
negotiation.

A total of 262 wheel profiles were obtained from a representative Cross-
section of the freight vehicle fleet in terms of extremes of size and con-
figuration. The profiles were visually analyzed and sorted into groups
according to similar tread and flange characteristics such as: flange
slope and root radius, flange location (tantamount to flange wear) and tread
contour. This analysis resulted in the definition of six symmetrical wheel
profile groups and four asymmetrical wheelset groups. A representative wheel
profile {or set of wheel profiles in the case of an asymmetric group) was
selected from each of these groups and a digitized description was prepared
and stored on magnetic tape to facilitate future use. This data is available
at  TSC.

2.1.1 Summary of Freight Vehicle Data and Potential Uses

The engineering parameter descriptions of freight vehicle carbodies (with
or without représentative ladings), coupler and draft gears and freight truck
designs provides a physical characterization of the range of loaded or un-
loaded freight vehicle configurations operating over the nation’'s track system



network. These descriptions together with representative wheel profile data
provide freight vehicle fleet characterization data suitable for computer simula-
tion modeling of a wide range of vehicle/vehicle or vehicle/track dynamic
interaction modes. These analyses include: lateral stability, latéral/yaw/
roll forced response (e.g. harmonic roll); vertical pitch/bounce forced
response; curve negotiations; longitudinal train action; and effects of train
action or vehicle/track dynamic interaction on structural components of vehicles
and/or track.
‘The freight vehiclé fleet characterization data described above has

other potential uses. In the aggregate, the 198 empty and 434 loaded
vehicle characterizations with associated populations or mileage estimates
describe the composition, detailed physical characteristics, car-commodity
relationships and average load conditions,waﬁd approximate relative utilization
or frequency of occurrence of various‘rolling stock configurations (based on
estimated mileage data). Accordingly, this data is potentially useful to
freight systems analyses. Selected carbody data and mileage estimates have
been used at TSC in conjunction with accident data contained in the FRA's
Railroad Accident/Incident Reporting System (RAIRS) to study derailment in-
cidence and to-approximate relative derailment frequencies (derailments per

million miles traveled) for various equipment configurations.

2.1.2 Generically Similar Freight Vehicle Families

Because of the relatively large number of vehicle and vehicle/lading character-
izations developed, the concept of defining a reduced number of generically similar
freight vehicle groups has been introduced as a practical and cost-effective approach
to quantifying freight vehicle fleet dynamic response characteristics in analytical
studies of rail systems dynamics. Analysis of individual vehicle configurations in
specific derailment-related scenarios are, and will continue to be necessary.
However, more global analyses of the vehicle/track system will require a re-
duced number of statistical vehicle characterizations describing the full range
of rolling stock configurations in addition to statistical descriptions of
track geometry variations. Accordingly, the 198 empty and 434 loaded
vehicle characterizations previously discussed have been further grouped into
generically similar freight vehicle families on the basis of key physical

attributes which are known to have a strong influence on a railcar's dynamic



response. These attributes include: truck suspension, truck center spacing,
cg. height, gross vehicle weight and carbody flexibility. Pullman has com-
pleted an initial definition of generically similar freight vehicles resulting
in 66 statistically described vehicle groups. These descriptions are contained
in Volume II. The composition of generic freight vehicle families in terms

of codified data indicating car type, design group (DVC), and lading codes,

is also contained in Volume II. A supplemental discussion on the approach

and methods used to generate these families is contained in Section 4.0 of

this report.

2.2 ORGANIZATION AND CODIFICATION OF FREIGHT VEHICLE CHARACTERI ZATION DATA

The freight vehicle characterization data discussed above is contained

in the appendices of Volume II.* The following summary outline indicates the

nature and format of the data contained in each appendix.

Location Data Description

Appendix A contains definitions of dimensionally similar vehicle design categories
(DVCs) in terms of dimensional data, special equipment features, and
carbody capacities, for the 198 major and distinctive freight vehicle
configurations identified. Population and percent population data is also
included. This data is linked with data contained in the other appendices
by specification of mechanical car type and a DVC code (for that car type).
It should be noted that flatcars with end-bulkheads and flat cars without end-
bulkheads are interspersed under the general heading of Flatcars in Appendix A.
In Appendix C, bulkhead and non-bulkhead cars are separated. Flatcar numbers
(i.e. flatcar DVCs) 20a, 20b, 21, 28a, 28b and 29 represent TOFC/COFC
designs. ,
Sample DVC data for box cars is contained in Table 2-4. Each of
the DVCs is assigned a brief description which is indicative of car
size and weight. The DVCs are generally organized by listing in
order of Increasing (inside) length or truck capcity (indicétiﬁé“'
of gross weight). The percent of vehicles equipped with roller vs plain

bearing trucks is also indicated.

*
All references tc appendices in this Volume (I) refer to appendices in Volume II.

N
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TABLE 2-4.

BOX CAR DIMENSIONAL CATEGORIES

BEARINGS DRAFT A
DvC R-ROLLER (1nstpe  joUTSIDE | EXTREME | DOOR DOOR | NOMINAL | LIGHT | GEAR OR| TRuck | popu- | popPu-
DESCRIPTION P-PLAIN LENGTH ILENGTH HEIGHT WIDTH TYPE CAPACITY| WEIGHT CUSHION| CENTERS] LATION LATION
CODE
; R-.3% -
2a 40'-50T P-.66 40'-6"  J44'-6" | 15'-1" 8' | cenTErep] 110k 52.0 | stp, |3g'-jon | 26,295 ) 5.5
R-. 34 ’
2b 40'-50T P-.66 40°-6"  (44'-6" 157~ 14'  BracGerep| 110k s2.0k { stn. [30'-10" 8,343 1.8
R-.23% R 1.2
3 40'-50T P-.77%  l40'-6" |48-0" 15'-1" 6' kbracceren] 100k 47.0 1. stp. J30'-10" ] 5,560 .
= 23
4 40'-50T P-.77% 40°-6"  l44'-6" 14'~10" 8’ CENTERED| 110 62.0K STD 30'-10" 2,068 0.4
R < Kk 90,450 | 1
35 40'-50T pP-.87 450°-6" l44'-6" 15'=1" 8' CENTERED} 110 47.0% STD. f30'-10" |. 45 2.0
R-.24 ;
8a 50'-50T P-.76 50'-6" I54'-6" 15'-1" g! cENTERED.  110% 58,3k stn.  la0'-10" | 60,077 12.6
R-.24 -
8b 50'-50T P-.76 50°-6" |54'-6" 15'-1" 15"  Lraccerepl 110K 58.3% | .sm. |s0'-10" | 37,523 7.9
R-.24
9 50'-50T P-.76 50'-6" |sa'-6: | 15'-1" 15'  raceeren| 100k 73.0%| sm. |40'-10" | 2,915 0.6
R-.90 I 20"
13a 50'-70T P-.10 50°-6" |58'-0" 15'-1" 10' CENTERE 140k 78.0° k1R, car |40'-10" | 13,517 2.8
R-u 90 20"
13b 50'-70T P-.10 50'-6" |58'-0" 15'-1" 16" |CcENTERED] 140% 78.0% kTR, car [40'-10" | 3,150 0.7
R-.90% Jo"
14 50'-70T p-.10%+ |50'-6" le60'-5" | 15%-1" 10' ] cENTERED] 150 69.0% ETR. CAR J40'-10"| 7,079 1.5
R-.90* 357
15 507-70T P-.10% |52'-6" [e0'-5" | 15'-6" 12' | centereD] 134k 81.0% lcTr. car|a43’ -o" 4,574 1.0
R-.90%
16a 50'-100T P-.10%  |50'-6" [55'~5" 15'-1" 10 cENTERED[ 188k 73.0%| sm. |40'-10" 1,801 v.4
R-.00% ~ O
16b 50'-100T P-.10* |spr_gn }58'-0" 15°-" 16" | CENTERED| 188k 73.0% | CTR.CAR.|40'~10""{ 4,568 L.n
=97 :
50'-70T P~.07 50'-6"  |s4'-6" 15'-1" 9! CENTERED 149K 63.5% | sm. lse-
R-.93 anc
n- 07 50'-6" 58'-0" 15'-1" 16" CENTERED u.qk

From Appendix A, Volume II




Appendix B contains representative lading data including: commodity
or commodity group definitions, density range and average density,
average load conditions described by average weight per carload and
average volume, annual carloads carried, average mileage per carload
and total annual carload-miles for that commodity. Average and
extreme load condition data is provided separately for each commodity
independent car type. Correlation of representative loadings with
specific design groups (i.e. DVCs) is made through use of lading codes.
(See below.) Typical lading data developed for box cars is shown in
Table 2-5,

Appendix C contains (computed) engineering parameter descriptions of the 198 empty
carbody configurations and 434 yeﬁicle/lading combinations, together with
codified data for correlating the appropriate truck design and
representative ladings identified with each DVC. Figure 2-1 describes
the format and general content of this data. Data for each mechanical
car type is listed separately. For each car type the first part of
Appendix C lists empty carbody data (as indicated in Figure 2-1) and
codification data for truck type and representative ladings. Part 2
of this data contains load-dependent carbody parameters for each

vehicle with each representative load identified with that vehicle.

Appendix I} contains freight vehicle truck characterization data. Five principal
truck design groups have béen characterized in terms of principal
masses inertias, dimensions and suspension characteristics. Table 2-6
illustrates typical data describing the 50 and 70 ton capacity truck design

groups.

Appendix E contains statistical descriptions of generically similar freight
vehicles. A typical family description is illustrated in Table 2-7.
(The development of these families is discussed further in Section 4.3.)

Appendix F describes the composition of generically similar freight vehicle
families in terms of codified data indicating constituent members.
Member vheicles are described by codes indicating car type, design group

(DVC) and lading group.



TABLE Z-5
BOX CAR LADING UATA SUMMARY - AVERAGE CONDITIONS

AVERAGE

WEIGHT | LADING | DENSITY | AVERAGE | UEROGE | SVERAGE | TO. OF | TOTAL
capactTy | cobE | RencE | pporme | WP PER | VOL. PER | CARLOADS | MILES PER| MILES
CARLOAD | CARIOAD | (1000's) | CARLOAD |(1000's)
1 Empty _— -— - - - 1,325,183
2 11-19 16.6 34.5 2078 686.53 | 720.32 | 536,056
il
3 24-40 33.1 72.04 | 2176 | 1259.22 | 778.66 | 980,504
0-120 k i :
4 44-60 51.6 89.58 | 1736 509.69 | 476.59 | 242,913
5 61-100 | - 97.6 54.47 558 27.48 | 500.58 43,791
6 | 101-155 | 138.9 75.62 544 163.18 | 650.95 | 106,222
7 Empty - -— —_— - - 1,382,596
8 11-19 16.6 .32 | 2248 585.75 | 780.82 | 457,365
9 24-40 33.1 91.86 | 2775 | 1271.84 | 773.66 | 999,331
0-154 k -
10 44-60 51.6 | 109.93 | 2130 729.84 | 476.59 | 347,834
11 61-190 | 97.6 64.09 657 82.04 | 500.53 41,068
12 101-155 | 138.9 | 102.65 739 239.06 | 650.95 | 155,616
13 Rrpty - - - - - 273,215
14 11-19 16.6 43.07 | 2595 98.43 | 780.82 76,856
15 24-40 33.1 | 105.95 3201 256.91 | 778.66 | 200,046
0-210 k
16 44-60 51.6 | 114.69 | 2223 154.02 | 476.59 73,404
17 61-100 | 97.6 99.09 | 1015 18.73 | 500.58 9,376
18 101-155 121.87 877 52.23 | 650.95 33,999

138.9
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TABLE --§
BOX CAR LADING DATA SUMMARY - AVERAGE CONDITIONS

{ CONTINUED)
WEIGHT | IADING | DENSITY | AVERAGE | anont: | AVERAGE | NO. OF | AVERAGE | TOTAL
CAPACITY | CODE RANGE | DENSITY | 'i- PER | VOL. PER | CARIOADS | MILES PER| MILFS
' * | CARLOAD | CARLOAD | (1000's) CARLOAD | (1000's)

19 11~19 16.6 6386 36.09 780.82 | 28,178
20 24-40 33.1 3202 371.31 778.66 | 289,124

0-120 k 21 44~60 51.6 106 k 2054 316.22 476.53 | 150,707
22 61-100 97.6 1086 27.88 500.58 | 13,956
23 101-155 | 138.9 763 53.32 650.95 | 34,709
24 11-19 16.6 8313 15.97 789.32 | 12,470
25 24-40 33.1 4169 226.77 | 778.66 |176,577 -

0-154 k 26 44-60 51.6 138 k 2674 306.84 476.59 | 146,297
27 61-100 97.6 1414 9.45 500.58 4,731
28 101-155 | 139.9 994 103.69 650.95 | 67,497
29 11~19 16.6 11807 1.94 708.82 1,515
30 24-40 33.1 5921 3.22 778.66 6,401

0-210 k 31 4460 51.6 196 k 3798 10.77 476.59 5,133
32 61-100 97.6 2008 2,94 500.58 1,472
33 101-155 | 138.9 1411 3.84 650.95 2,500

DEMNSITY

1bs/cu.ft. CHARACTERISTIC COMMODITIES
-- Empty Car Code
11-19 Furnltuye, Textiles, Tobacco Products, Rubber &
" Plastlg Products, Transportation Equipment
-40 Food G.Klndred Products, Lumber, Pulp § Paper
Machinery '
44-60 Field Crops, Chemicals, Stone, Clay, Glass -
18%—%2? Non-Metallic Minerals, TFabricated Metal Products

Metallic Ores, Primary Metal Products, Waste §

Scrap




91-¢

1st Line

2nd Line -

Empty Carbody Parameters (Box Cars)

(" DVC c.g.
Code Car Mass and Inertias Height Stiffness Length Data ~
1 . —_ —_——— .
C - | t
I Unloaded Carbody Parameters I | Coupler length data i
(25 — _ l | _ L ___J'
(" DVC Truck  Codes of the Commodities
Code Msdal Frequencies Population Mileage Code Hauled in this Car
) ' _] [__. __,1 ) —_—
{ see ||, T
. Unloaded Carbody Parameters . Refer to Appendix B
. , y e i IApgendlx‘ i PP
. |
T I [ N N S
Codified _
Data . :
/
Loaded Carbody Parameters
. Annual
DVC Lading (Loaded) AN
Code Code Mileage Mass and Inertias Height Modal Fréquencies A
1 2 I l
: Load-Dependent Carbody Parameters |
25 24y . _____|
: J
FIGURE 2-1. Typical Organization of Carbody Data in Appendix C

Part 1

Appendix C
Box Car Data

, & o Empty Carbody

lescriptions
o Coupler length data
0 Truck and lading
codification data

Part 2

Appendix C
Box Car Data

Loaded Carbody
Descriptions



TABLE 2-6. FREIGHT CAR TRUCK PARAMETERS

FREIGHT CAR_TRUCK

PARAMETERS

I. GENERAL FAMILY BESCRIPTORS AND COMPOSITION

Family No. 1 2
Descripton (Classification) 50~-ton 70-tn
Assenrbled Weight/Pair 13,830 lbs, 16,310 lbs.
I1. ENGINEERING PARAMETER DESCRIPTION OF FAMILIES
| PARAMETER VALUE VALUE CRITS®/N0TES
i Mass: Camplete Truck 17.9 21.1 mass units
. (he Sideframe 1.7 2.1 1b~sec2/in.
A Bolster 2.2 2.7
é | wheelset (axie~2 wheels) 5.0 5.6
E Center of Mass (in.} 17.1 17.5 camplete truck-above rail
- Yaw Moment w/bolster 30,400 35,950 capiete truck-about center
@ | Of Inertia w/o bolster 29,400 34,740 of mass; lb-sec2-in (typical)
% l FoIT Moment w/bolster 17,190 19,590 camplete truck about center
of Inertia w/o bolster 17,280 19,600 of mass; w/o bolster. about
centerplate
- p—— mplete tru oo
Pitch Mament w/bolster 14,590 18,050 of mace: v/odt;)‘i::; c::)ﬁ:
of Inertia w/0 bolster 15,66.(2__ 19,180 centerplate :
Bolster to Sideframe 2 sprina aroups (per truck)
=Vertical Stiffness {D~3,4) 48,730 (D=-5) 47,130 1b/wn. (typical)
u -
E ~lateral Stiffness 9,510 7,160 emptv car (note 1)
E -Lateral Stiffness 24,030 18,810 @ caded to capacity
~ | Bolster to Sideframe 5 g | springs only (per truck.
L -Roll Stiffness 72.2 x 10 71.7 x 10 in-lb/rad. (typicas
6 6 ety car (note 1}
4.1 x 10 0.9 x 10
E ~Yaw Stiffness ;5 6 : 106 ;’s 6 : 106 car loaded to caracity
a - 5 - (kolster rot. w/r to
& | -Pitch Stiffness 4.8 x 10 7.94 x 103 sideframe)
& [ Sideframe to Wheelset . bending of two sideframes
& -Vertical Stiffness 5.46 x 10 6.26 x 108 1b/in.
~lateral Stiffness 652,000 . 800,000 bending of one sidefrare 1b/ind
Centerplate to Rail b/in. (typical)
-Vertical Stiffness 47,250 45,930 prior to solid springs
| {springs, bolster, sideframes)
@ -Vertical Stiffness 1.558 x 108 1.797 x 108 | solid springs
‘Jlg | (bolster, sidefrares)
EE -Lateral Stiffness 9,440 7,130 ~emtpy car (note 1)
—E (springs, sideframes) 23,600 18,590 -car loaded to cavacity
& . prior to gib contact
: -Lateral Stiffness .
EE| (one sideframe only) 652,000 800,000 after gib contact
EE [ Centarplate to Rail . .| iv-ib/rad. (eypical)
= | =Roll Stiffness 70.0 x 10 69.5 x 10 prior to solid sprinas
EE (springs, bolster, sideframes)
%'_: ~Roll Stiffness 2.3 x 10° 2.73 x 109 | solid sorings
é {bolster, sideframes)
~ [ Centerplate to Rail 9 9 in~1b/rad. (typical]
~Yaw Stiffness 2.2 x 10 3.3 x 10 bolster, sideframes only
-Pitch Stiffness 482.0 x 106 574.0 x 106 | bolster, sideframes only
Bolster Vertical Stiffness 2.18 x 106 2.52 x 106 [ Ib/in. (bolster only)
Lineai Lamping/rrictaon
,5_ 2 Bolster to Sideframe
g -Vertical 0.5 0.5 average coefficient of
E% —rateral 0.37 0.37 sliding friction

*Uruts are in in-lb-sec unless otherwise specified

From Appendix D of Volume II



Notes:

[§S]

TABLE 2-6.

FREIGHT CAR TRUCK PARAMETERS (CONTINUED)

longitudinal Centerline

FREIGHT CAR TRUCK PARAMETERS
| Family No. 1 2
PARAMETER VAUJE VALUE NOTES
€] Centerplate Yaw Friction torsional resistance/
Eé -Dry surface 2.1 2.4 vertical lead
g = " =Teflon Surface .41 .41 in-1b/1b, (typical}
- Col Toad - t D=3) 3130 N 71:1“0& for~e actine on one
; § B (4/“““ y - gg:m . ED—‘“ 2360 N=5; 4nan s‘:'l_ccf:a"(- colire. (typieal for
S = truck SE Lnuck)
= Colum load - Variable 1472 ety car
£ (4/truci) 1bs. N/A D-5) 3419 _loaded car One oolum
typical for Barber truck
Bolster to Sideframe solid sprinas
i =Vertical Clearance 5.69 5.75 in.
% ~Lateral Clearance in.
{average worn condition) 0.75 1.10
(range) .375 - 1,125 1. 0.70 - 1,5
(standard deviaticn) 0.125 0.135%
v ~Longitudinal Clearance . . in.
B (average worn condition) -0.19 -0.22
w (range) .064 - .316 .061 - .375
= (standard deviation) 0.042 0.0513
a5 ——
E ~ I cideframe to Axle Yaw Clearance 9.8/4.5 7.2/3.4 FEnMitmoees, roller bearinus
Centerplate-Bolster Bowl 0.25 5/0.25 : .
Net Clearance 0-5/1 0. - (max./min.) in.
Side Bearing Clearance in.
(average worn cordition) 0.25 0.2%
{range) .125 - .375 2125 - 375
(standard deviation) 0.042 0.042
| Wheelbase Distance 66.0 68.0 in.
Wheel Diameter 33,0 33.0 nounal at tage line (in.)
Distance Between Outside 64.19 64.19 average nominal condition
Face of Wheels {in.)
& Bolster Bowl Diameter 12,0 14,0 new naminal condition (in.}
o . . above bowls bottam
8.0 8.0
g Center Pin Height surface (in.)
a8 Rail to Bolster Bowl Wear
.7 25.7 = truck .
Surface Height 25.75 5 empty car on (in.)
Side Bearinu Distance fram 25.0 25.0 (in.)

Spring group
D-3

D-4

D-

5

D-6

Non-linear with vertical loading
Wear conditions were estimated by assuming normally distributed user
between a new, unworn condition and the condemmable limit on wear as
specified in the AAR Interchange Rides.
Spring travel by spring group

Spring travel (free to solid height)

21/2
3 1/16
3 8/16
3 3/8



PART A.

GENERAL FAMILY DESCRIPTORS AND COMPOSITION

TABLE 2-7. TABULATION OF GENERIC FAMILY DESCRIPTIONS FOR FREIGHT VEHICLES

GENERIC FAMILY NO.

1 2
.~ 50~Ton, Short, 50-Ton, short,
FAMILY DESCRIPTORS High C.G., Light Weight | High C.G., Medium Heavy
Stiff Body Stiff Body

DESCRIPTOR | TRUCK CENTER SPACIMGG 18 to 28 feet 18 to 28 feet
C.G. HEIGHT (EX. TRUCKS) 62 to 95 inches 75 to 99 inches
RANGES GROSS WEIGHT (EX. TRUCKS) 26 to 53 kips 80 to 151 kips
VERTICAL FREQUENCY Above 10 Hz hoove 10 Hz
CONSTITUTING
MAJOR VEHICLES FAMILY Open Hopper (E) Open Hopper (L)

AND APPROXIMATE LOAD CONDITION

Tank Car (E)

Tank Car L)

ANNUAL MILES TRAVELED BY FAMILY

4.31 x 10%miles

4.27 x 108 miles

FERCENT COF TOTAL MILEAGE

1.776%

1.760%

FAMILY CLASSIFICATION -

T.l.1.1.1

1.1.2.1.1

PART B. ENGINEERING PARAMETER DESCRIPTIONS OF FAMILIES, IN TERMS -OF

NOMINAL MILEAGE WEIGHTED VALUE AND RELATED STATISTICS
PARAMETER DESCRIPTION ¥EAN | STD. MEAN | ST,

(UNITS: IN-IB-SEC) vauE | Dev. | RAGE | VALE | DEV. | RANGE
CARBODY MASS (LB~SEC2-IN) 92.00 | 2.03 [137-2 | 300.74 | 57.00 el
CARBODY YAW MMENT CF INERTIA  x 105 15.26| 4.46 | 2a-o0 | 38.07 | 3.1 | gy
CARBODY PTTCH MMENT OF INERTIA x 10°| 14.99] 4.58 | “g-o7 | 37.42 | 8.13 n
CARBCDY ROLL MCMENT OF INERTIA x 104| 19.51| 6.11 ﬂ'f?i 51.95 | 21.73 | 1o'57
CARBCDY C.G. HEIGHT ABOVE RAILS 76531 9.36 | 95.20 | g 77 | 5.8 | 22-0°
STATIC VERTICAL BENDING STIFFNESS x10°| 143.65 |162.06 735-6; 138.94 [159.85 73:41:
STATIC LATERAL BENDING STIFFNESS x105| 139.90 | 164.45 |725-27 [134.78 [162.40 [795-67 '
STATIC TORSIONAL STIFFNESS x 107| 688.10 | 57155 0o 00 | 6s5.17 |577.05 [ %50
VERTICAL BENDING FREQUENCY (Hz) 79.92 | 29.38 |173-20 | 4472 | 19.56 133.'3,@—
LATERAL BENDING FREQUENCY (Hz) 77.56 | 31.63 1;2:23 43,55 | 20.90 lgg:ﬁ
TORSIONAL BENDING FREQUENCY (Hz) 83.32| 54.57 |20 57,47 | 40.80 oS-
TENGTH BETWEEN TRUCK CENTERS (inches)| 298.71 | 29.59 | ai0'o0 | 298.54 | 28.90 [57¢°00
LENGTH BETWEEN COUPLER PINS . | 390.82| 32.02 $33.40 1 390.07 | 31.48 L
LENGTH OF COUPLER fnches) | 23 | ™ | 2.2 29.3 — | 2.3

From Appendix E, Volume II




Appendices G, H, I,J contain passenger and locomotive carbody and truck

descriptions which are discussed in Section 3.0

Appendix K contains descriptions of some representative wheel profile wear
patterns measured on in-service freight vehicles.

2.3 DIRECTORY TO FREIGHT VEHICLE CHARACTERIZATION DATA
To facilitate the use of this data in assembling engineering parameter

descriptions of freight vehicles for computer simulation modeling or for
other purposes, the following data directory has been constructed to: (a) pro-
vide a detailed tabulation and description of the data included; (b) supplement
engineering parameter descriptions with drawings or schematic representations
as required; and, (c) provide rapid access to key data elements contained in the
various appendices. The directory is organized into the following parts:

Part I Carbody General Descriptors and Dimensional Data

Part II  Load Dependent Carbody Parameters

Part TIT Carbody Bending and Torsional Stiffness Data

Part IV  Representative Lading Data

" Part V. Carbody/Truck Interface Data

Part VI = Freight Truck Data
- General
- Masses and Inertias ]
- Spring Group Stiffnesses and Friction Damping
Dimensions and Clearances

- Bolster and Sideframe Bending Stiffnesses

h O LA TP
1

- Complete Truck Stiffness



Part T Carbody General Descriptors and Djmehsional Data

: Data
: Reference Location
Symbol . Descriptor ‘ - Units Figure (Appendix)
- DVC population - - A,C
- DVC annual mileage estimate (empty) 103 miles - C
- DVC, % of mechanical car type - - A
- DVC truck code - - C
- IVC, % roller vs plain bearings . - - A
(est.)
- Nominal weight capacity 10° 1bs - A
- Nominal volumetric capacity Fts/gal(a) A
- Lightweight (carbody plus 10° 1bs - A

carset of trucks)

Tank car volumetric capacity in gallons.



Part I (Carbody General Descriptors and Dimensional Data)

Symbo1l

XD
XIL
XTCS
XPC
XCL

XPF

XDG
XEH
XPH
XCs

’ Descrigtor

Door type (centered or staggered
Door width

Inside length

Truck center spacing

Length between coupler pins'

Coupler length (pin to pulling
face)

Length between coupler pulling
faces

Standard draft gear travel
Extreme height
Platform height (flatcars only)

Center sill travel from centered
position

End cushion travel from nominal
position

2-22

Data
Reference Location
Units Figure (Appendix)
- - A
ft, in 2-2 A
fr, in 2-2 A
ft-in/in 2-2 A/C
in 2-2 C
in 2-2 7 C
in 2-2 C
in 2-2 -
ft, in - 2-2 A
ft, in 2-2 A
in 2-2 A
in 2-2 A



£C-¢

FREIGHT CAR DIMENSIONAL DATA GENERAL DESCRIPTORS,

DOOR WIDTH & TYPE NOMINAL WEIGHT AND VOLUMETRIC

CAPACITIES
T V= T
< : /CENTE.RPLAT_E BOWL LOCATION
COUPLER PIN LOCATION
XEH ~— XD — STRIKER PLATE
3 J - i o
! 1 Vi Vd
' XPH Tt +=10
- XTCS — - l‘,xoc--(STANDARD DRAFT GEAR TRAVEL RANGES
: .FROM APPROX. #2.5IN TO #4.3IN)
- XCP — | }=xcCL
e ~XTIL -—
- XPF -

(a) DIMENSIONAL DATA & GENERAL DESCRIPTORS

HYDRAULIC CUSHION - - XCS HYDRAULIC CUSHION
[ [~ ¥EC
E_;; THE  —— — 531'!.;—— MO ey
| | | (
XCP N XCP T T

SLIDING CENTER SILL END OF CAR CUSHION

(b} CARBODY CUSHIONING SYSTIMS
FIGURE 2-2. FREIGHT CAR DIMENSIONAL DATA



Part II Load Dependent Carbody Data (Masses and Inertias)(a)

i Data
: Reference Location
Symbol Descriptor Units Figure (Appendix)
Lc’ Lading codes, each DVC (1 to 6) - 2-3 C
MC Composite carbody lading mass (1b secz/in) 2-3 ' c
XCG* C.G. height of carbody/lading above (in) 2-3 C
rail - . ’
I Carbody/lading pitch momenc of (in—lb-secz) 2-3 C
p inertia
I Carbody/lading yaw moment of (in—lb—secz) 2-3 c
y inertia
I Carbody/lading roll moment of (in—lb—secz)
inertia
£, Carbody/lading vertical bending (Hz) 2-3 C
mode freq '
£ Carbody/lading lateral bending (Hz) 2-3 C
mode freq
ft Carbody/lading torsional frequency (Hz) 2-3 C
(a)

Refer to Figure 2-1 for typical organizations of load~dependent carbody

* Note this dimension assumes the vehicle is positioned on a carset of trucks
with the vertical suspension deflected, by a distance corresponding to the
vehicle empty car weight. For loaded vehicles this number may be made more
exact by allowing for the additional deflection due to lading weight (i.e.
& = lading weight/ZkV).



. LOAD DEPENDENT CARBODY PARAMETERS

LC, Lading Codes for "Representative Ladings"”

“Assumed Lading

-~ Ly A
- / Envelope

e
|

| - — :_+'-—--: 1l o
- ?(Z - — - XCG
S l / ‘
Do
(¥ ] X :
Z{Assumed Mode Shape For Vertical
Bending Frequency Computation. (fv)
Similar Mode Shape Is Assumed In The
Horizontal Plane To Approximate
. Fundamental Lateral Bending Freguency (fp).
-k

Note: C.G. Height is for loaded or unloaded
carbodies only and is referenced to top
of rail. For loaded cars c.g. heights
do not consider vertical spring deflection
of the truck due to weight -of léads.
(These deflections are generally small
and typically range between 0.2 and
2 inches.)

Sinagle DOF Approximation Used in
Estimating Carbody Torsional
Freauency (f))

t FIGURE 2-3. LOAD DEPENDENT CARBODY PARAMETERS



Part III Carbody Bending and Torsional Stiffnesses

_ Data
. . Reference Location
Symbol Descriptor Units Figure (Appendix)
RV Vertical Bending Stiffness 1b/in - C
kg Lateral Bending Stiffness 1b/in - C
ke Torsional Stiffness ‘ in/1b/rad - C
Part IV Representative Lading Data
= n , Data
Lading code; density range; average density, wéight per Locatlop
carload; volume per carload; number of ; average - (Appendix)
miles per carload; total mileage; commodity group
definitions.
Part V Carbody Truck Interface )
Data
Reference Location
Symbol Descriptor Units Figure (Appendix)
pr Centerplate yaw friction (break- in-1b/1b 2-4 D
away torque)
- Bolster bowl diameter in 2-4 D
- Centerplate/bolster bowl in 2-4 D
P clearance*
sh Side bearirg clearance . in 2-4 D
XSB Side bearing distance from (], in 2-4 D
XCPH Centernin height above bolster in 2-4 D
bowl
XBBH Rail to bolster bowl wear surface in 2-4 D
height (nominally empty car)
Part VI Freight Truck Data
a. General , Data
Reference Location
Symbol Descriptor Units Figure (Appendix)
- Truck capacity tons - D
- Assembled weight per pair 1bs - D
b. Masses and Inertias
MT Truck mass (complete truck) 1b secz/in 2-5 D
MSF Mass of one sideframe 1b sec4/in  2-5 D
MB Bolster mass ‘1b sec2/in 2-5 D
*ile., Nifference in diameters,



BOLSTER BOWL DIA.

Centerplate/Bolster Bowl

7~ Clearance = (Difference in

Diameters)
// Carbody
: Profile
- XSB — .
Center _ /A at Bolster
Plate y :
I~ m L { %sb
| iy //éfL___ut___
-— L ! L - et A A
M ——- -ﬁ ~—f;// §$;3 — g
— - -- | 1 4 13/1s
o-—- ‘_\' +- 1 - ad i g (acorox
1N .r\'\J‘ _:—i\---
T XCPH ; \\ i i
A : ;

STANDARD S
BEARING (R
CAGE)

O

Bolster Bowl (Shown
with Lining) RATL SURFACE 1'

FIGURE 2-4. CARBODY-TRUCK INTERFACE.
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b. Masses and Inertias (Continued) : Data

Reference Location

_Symbol Descriptor Units _Figure (Appendix)

MWS Wheelset mass (axle and two wheels). 1b secz/in 2-5 D

ITy Truck ass'y yaw inertia about 1b seczlin 2-? D
truck c.g.

ITP Truck ass'y pitch inertia about 1b seczlin 2-5 D
truck c.g. _

ITr Truck ass'y roll inertia about 1b sec2/in 2-5 D
truck c.g. _

- Truck ass'y yaw inertia without - 1b secz/in - D
bolster (a)

- Truck ass'y pitch inertia without 1b sec2/in - D
bolster (a)

- Truck ass'y roll inertia without . 1b sec2/in - D
bolster (a)

Spring Group Stiffnesses and Friction Damping )

k, Bolster to sideframe vertical 1b/in 2-5 D
stiffness (per truck) (b)

ky Bolster to sideframe lateral 1b/in 2-5 D
stiffness (per truck)(b,c)

kr Bolster to sideframe roll in 1b/rad 2-5 D
stiffness (per truck)(d)

ky Bolster to sideframe yaw in 1lb/rad 2-5 D
stiffness (per truck)

kp Bolster to sideframe pitch in 1b/rad 2-5 D
stiffness (per truck)(e)

M, Bolster to sideframe vertical - 2-6 D
function damping coefficient (f)

Mo Boléter to sideframe lateral - 2-6 D
function damping coefficient (£)

Fc Column Load, constant load 1bs 2-6 D
(one column) (g)

FC(G) Column load variable with 1bs 2-6 D

bolster deflection (g)

(a) Axis located at centerplate/bolster bowl surface location (not at truck center of mass)

(b) Two spring groups per truck, one at each sideframe.

(¢) Varies non-linearly with bolster deflection.

(d) Computed from 1/4 KVL2 where L is the lateral distance between vertical spring groups.
(approximately 78 inches)

(e) Rotation of bolster only, with respect to sideframe

(£) Average coefficient of sliding friction.

(g) Two columms per side frame, four columns per truck.
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XWF

9

////,See Figure 2-7

Center of Gravity,
Truck Assembly - ¢
Mass, MT

o
(q s

x'rccf\a ah F>L - ')((’
- YU | P

\ "% Stiffness and Damping Elements are
\Shown For One Sideframe. ~

Section A-A
Sea Figure 2-7

FIGURE2-5., FREIGHT TRUCK DATA.



d. Dimensions and Clearances

Data
- Reference Location
Symbol Descriptor Units Figure (Appendix)
XWB Wheelbase in 2-5 = D
. XWD Wheel diameter in 2-5 D
XWF Distance between outside faces of in 2-5 D
) wheels
.XBSF(v) Bolster/sideframe vertical in 2-5 D
, clearance (solid springs) (a) .
XBSF(2 L : .
FXBSF(2)) Bolster/sideframe lateral - in 2-7 D
clearance (total gib travel) (b)
XBSF .
(1ong.) Bolster/sideframe longitudinal in 2-7 D
clearance (b) )
. YTAX si -
ideframe to axle yaw clearance deg. 2-7
. XTCG Assembled truck c.g., height above in 2-5
rails -
e. Bolster and Sideframe Bending Stiffnesses
KB  Bolster vertical bending stiffness 1b/in 2~-8
KSFV Vertical bending stiffness of two 1b/in 2-8
sideframes
KSFy, Lateral bending stiffness of one 1b/in 2-8 D
sideframg
f. "Complete Truck Stiffnesses" (Spring group, and compoment bending stiffness)
TVS(1) "Truck vertical stiffness” before 1b/in 2-9 D
springs bottom
TVS(2) "Truck vertical stiffness" solid 1b/in 2-9 D
springs
TLS(1) " . " .
Truck lateral stiffness" empty (c) 1b/in 2-9 D
; (prior to gib contact) '
TLS(2) . , ., )
Truck lateral stiffness" full 1b/in 2-9 D
) load (prior to gib contact (c)
- TLS(3) "Truck lateral stiffness" after gib 1b/in 2-9 D

contact

(a) Nominal value, may vary with different spring groups. See
(b) Average worn condition. _
(¢) Varies non-linearly with bolster deflection.



FRICTION BLOCK

COLUMN LOAD F_(8)~ FRICTION COLUMN
| o WEAR PLATE,
T
BOLSTER DISPLACEMENT, FRICTION
- s | COEFFICIENTS
Hyr Mg

1(7SNUBBER (FRICTION BLOCK) SPRING,
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2.3.1 Assembling Data for Freight Vehicle Simulation Modeling: Illustrative Example

The following example illustrates how the data described above may be used to
assemble vehicle and truck parameters for use in a harmonic roll analysis of a
4700 cu. ft., 100 ton covered hopper car with a truck center spacing of 45 ft.
Empty and loaded carbody descriptions are desired for simulation modeling.

Table 2-8 contains a list of carbody and truck data required for a digital
computer simulation model to predict the rocking response of freight cars to track
cross-level variafions.‘[ll]. This model, shown schematically in Figure 2-10, has
full carbody with lateral, vertical, roll, yaw and pitch degrees of freedom.

The truck, in this reduced complexity simulation, is represented as a massless
frame which transmitts forces and moments from the wheelsets to bolsters.

The bolster has vertical, lateral and roll degrees of freedom while the wheelset
may stay in contact with the rails or rotate about one point of contact while the
opposite wheel 1lifts off the rail. The truck mass is distributéd between the
carbody and an ''equivalent wheelset' mass. The two bolsters are lumped with

the carbody mass and the two wheelset masses in front and rear trucks are Tumped
together into an "equivalent wheelset mass." The mass of the sideframes which
typically accounts for about 20% of the complete truck mass, is neglected in
this example formulation, while truck suspension stiffnesses, clearances

and friction damping characteristics are modeled in relative detail.

A system of non-linear equations is developed to represent each principal
mode of carbody/bolster relative position and wheel 1lift conditions for a freight
vehicle excited by crosslevel track geometry inputs. These equations are solved
iteratively to determine Carbody roll motions and wheel 1ift conditions. A
comprehensive description of model formulation and numerical integration pro-
cedures is contained in [11].

In order to assemble parameters for the covered hopper car previously de-
scribed it is necessary to link the description of this car with those of the
covered hopper car design groups described in Appendix A using the general
carbody descriptors specified (i.e. volumetric capacity, truck center spacing
and carbody weight class. From Appendix A page A-6 it can be seen that -covered
hopper car No. 11, a nominal 4,750 cu ft 100 ton carbody with a truck center

spacing of 45 ft 5 in, closely approximates the desired car in terms of the
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TABLE 2-8. LOADED AND UNLOADED PARAMETERS FOR COVERED HOPPER CAR
Car Parameter Location Conversion
: - ' Value (Appendices) Factor Comments
Weiuiit of Car Body and Two Bolsters for loaded Car [1b]... 243,000 C,D 386 MC (empty) + 2MB
lmpt) Car [lh .. 44,000 c,Dh 386 MC (loaded + 2MB
Weight of "Equivalent' Wheelset [1b)................... - 5,180 D 386 Weight of two-wheelsets (2MWS)
Roll Moment of Inertia gf Car Body for P
Loaded Car [lb-in-sec-] ... ..., 187.3 x 10, C - Ir (loaded)
Empty Car [lb-in-sec=) ............... e e 34.2 x 10 C - Ir (empty)
Pitch Moment of Inertia of Car Body 5
Loaded Car ]1b-in-seCZ]. .t uernnerr et 182.4 x 1% C - Ip (loaded)
Empty Car [1b-in-sec=]..........c..v0. e e 43.3 x 10 C Ip (empty)
Yaw Moment of Inertia of Car Body 5 [
Loaded Car [1b-in-seg?}..c.c.vviiniiiiiiiiniiiiiin.. 178 x 107, C - Iy (loaded)
Empty Car [Ib-in-sec ). ...uiuurniin connnnnnnnnnnns se.. 43,4 x 107 C - Iy (empty)
Suspension Spring Lateral Rate [1b/1n ]
Loaded Cam. vt ittt tse s st aaaneeanraneassonnneenanas 10,300 n 0.5 Per sideframe 1/2 k_(loaded)
EMPLy Car ...t iiine e ann oo e e e cee. 2,700 n 0.5 Per sideframe 1/2 k (empty)
Suspension Spring Vertical Rate {lb/in}........... ... ..., 27,300 0.5 Per sideframe 1/2 Kl
Gib Stop lLateral Spring Rate at One [nd of Bolster 6 n - v :
(103725 T T O 1 x 10 D - Lateral bending of one sideframe (KSF,)
Bottominy Stiffness for Vertical Spring Group 6 : 2
{1b/in] {solid springs)....... ..o, e 1.2 x 10 D 0.5 1/2 truck vertical stiffness, TVS(2)
Vertical Coulomb Friction Force Between Bolster and Side
Frame at One End of Bolster [1b)..........vvivinneein. 4,740 D 2 Two columns per sideframe Zu F
Lateral Coulombd Friction Force Between Bolster and Side ’
Frame at One End of Bolster [1b).......... ... e v, 3,500 D 2 Two columks per sideframe,
Center Plate Diameter [in].........cviieiiuiinnenninenn.. +14 n approximated by bolster bowl Slgmeter
Height of Car Body CG Above Center Plate for
Loaded Car [in]... ... oo, 76.9 c,D - XCG (loaded) - XBBH
Eopty Car [ind. . .. it i ittt e i iaen i 56.1 c,b - XCG (empty) - XBBH
Height of Center Plate Above Top of the Springs ,in]...... 7.5 N/A - Estimate from Ref. 1
Side Bearings Spacing from Center Line [in}............... 25 D - XSB
Height of Side Bearing Above Top of the Springs {in}...... 12,31 N/A - Approx. 7.5 + 4 13/16 (Ref Figure 2-9
teight of Top of the Springs (uncompressed)
:?ove %ﬁlgs %1n] CMPEY €T vttt e i ieen i neen e nneenas 18.3 N/A - XBBH - 7.5 in.
sove Rails i d [ T et e - i i .
Spring Group Spaglnéo%xgg ngter iiné [inj. .0 0010000 %8'5 R/A . 18.3 ?P - 1.8 (i.e. 199,000 lh/ZRV)
llalf of the Total Gib Clearance [in] (lateral)............ 0.55 n . anrox mated from r’ 5y
Spring Travel-From Tree Height to Bottomed [in)....,...... 6.19 n ) AVSF (v)
hheel Base [in] ..., ... i, 70 n ae
Rl Bt 5.4 A ; s
Rail Gauge [1n]...........,.........................:::::: 56. ’ )

: R | . 3
Npte: Data for 4,750 ft”, 100 ton covered hopper car with 45 ft truck center spacing.
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available carbody descriptors. (Additional descriptors similar to those contained in
Appendix A would be helpful in making these selections). Having made this selec-
tion, additional dimensional descriptors and population statistics are available

from Appendix A. For example, the vehicle selected for analysis is representative

of a design group having a population of about 56,500 vehicles or approximately

23 percent of the fleet of covered hOppef cars. Essentially all of these cars are
equipped with roller bearing trucks and standard draft gear.

From Appendix C, page C-15, for covered hopper car No. 11, unloaded carbody
parameters are contained in the first part of the data listing together with some
additional dimensional data, an estimate of the total annual mileage traveled
by vehicles represented by this design group and codified data indicating truck
and representative lading descriptions. Truck code 3 indicates a 100 ton truck
design which is characterized in Appendix T (pages D3 and ™). The single lading
code specified (i.e. No. 83) indicates this vehicle is basically a commodity
dependent vehicle. Representative lading data for this '"typical" load
are described in Appendix B under lading code No. 83. Load dependent carbody
parameters are found in the second part of Appendix C (page C-17) for covered
hopper car No. 11, and lading code No. 83.

The parameter values listed in Table 2-8 have been assembled from these
data elements as indicated.

2.4 TFrieght Vehicle DMata Comparisons

In order to provide some indication of how the freight vehicle characteriza-
tion data developed by Pullman compares with individual vehicle characterization
developed through independent tests and/or computations, some comparisons were made
between the DVC descriptions and sets of parameters describing individual vehicles
as available from the literature. Table 2-9 compares principal dimensions,
capacities, lightweights, c.g. heights, and mass moments of inertia developed [3] for
five freight car configurations. For each car type, a IVC was selected which most
closely approximated these cars based on a comparison of car capacities and
dimensional data with corresponding DVC data developed from sorting UMLER (i.e., the
general design group descriptions contained in Appendix A.) Since the DVC
descriptions were developed by sorting the UMLER file based on key configurational
features for various car types, virtually any freight car may be associated with

a particular TVC in this manner.



The data of Table 2-9 indicates that the general configurations, capacities
and computed data elements uéually compare quite closely. The largest dif-
ferences are seen in the relative outside lengths of the cars. However, this is
due to a difference in the definition of outside length as noted. The ACF
lengths (over carbody end-sills) should be shorter than the DVC lengths which are
over the coupler pulling faces. As expécted,the difference in definitions is
accentuated for the two cushioned vehicle comparisons. The IWC data shown in
Table 2-9 was assembled from Appendices A and C.
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TABLE 2-9. EMPTY CAR COMPARISONS

40" 50T BOX 60' 1007 BOX HI CUBE BOX 70T FLATCAR (TOFC) C HOPPER
TTD (a) INVC 2a TTD (b) ™WC 23b TTD (c) e 37 TTD (d) . IVC 28a TTD (e) VC %a
Truck Cap 50T 50T 1007 1007 70T 70T 70T 70 100T 1007
{cushioned)  (cushioned) (cushioned) {cushioned)
outside Length# 40.8" 4.5 60.9 68.2 86.5 93.6 89" £ 92.7! 50.3" 54.4
Truck Center  ft 30.9° 30.9 16.3" 46.3" 64" 64" 66" 66.5" 41.3 41
Vol. Capacity ft> ' 10,000 10,400 : 4650 4500
Wt Capacity (kips) 110 110 184 182 100 102 149.4 143 200 198
Light Wt (kips) 50.1 52 77.1 76 113 113 70.6 68.9 61.4 62.3
Carbody Wt (kips) 40.9 38.1 62.7 57.5 97 7/ 47.8 50.2 42 43.3
€.G. Height (in) 68.7" 73.6" 76.6 76.1 83.6 75 35.7 34.3 78.7 79.6
I (1b-sec’-in) 2.36x100 2.38x 106 7,0¢106 7.5x106  2x107 2.38x107 1107 125107 4.9¢106 3.78x106
I (1b-sec’-in) 2.24x100  2,3x10° 7.6x100 7.3%10%  1.94x107 2.34x107 .99x107  1.26x10’ 4.79x106 3.86x106
I oqy(1b-sec? in) 3.78x105 3.78x105  6.68x105 6.5x105 1x108 1.18x106 1x10° 1.26x105 3.98x10° 4.78x10°

* 0.L. (TTD} is over end sills.
0.L. {MT) is over pulling taces of coupler (i.e. will be somewhat longer)

*From \olume 4 of AAR/TTD Harmonic Roll Series.






3.0 SUMMARY DESCRIPTION OF LOCOMOTIVE AND PASSENGER VEHICLE
(HARACTERIZATION DATA

3.1 PASSENGER VEHICLE CHARACTERIZATION
Nue to the relatively small populations of locomotive and passenger vehicles,

a more direct approach was possible in developing representative design groups and
associated engineering parameter descriptions for these vehicles. In addition, the
relative unifonnity of passenger vehicle overall lengths, truck center spacings

and overall desigﬁ features implies that the fleet of approximately 5,200 pas-
senger vehicles may be described by a small number of generically similar design
groups. Population data and information describing overall dimensions and average
weights of passenger vehicles was available.from the literature. Various passenger
vehicle design groups were defined and grouped into four main categories as
follows:

o Single level, light-weisht cars (itmmowered)

o Single level, heavy weight‘cars (unpowered)

.0 Single level self propelled cars

o Bi-level cars

Engineering parameter descriptions for each of these design groups were com-
piled from data existing in the literature, in Pullman's engineering files, or from
calculations based on structural data taken from representative design drawings.

A total of four representative passenger vehicle truck designs were identified
and engineering data was assembled to characterize typical passenger vehicle
suspension systems. These designs include:

o GS8I four wheel swing hanger (outside or inside swing hanger)

0 Minden Deutz-USA, 4 wheel outside swing hanger

o Budd Pioneer III, 4 wheel, and

o GSI-Metroliner, 4 wheel, powered

Passenger vehicle carbody and truck descriptions are contained in Appendices F
and G respectively. The carbody data indicates which truck designs are associated
with each carbody design group. The carbody descriptions also include mass, inertia,

c.g. height, length, average weight, and populations. Estimates of



Carbody lateral and torsional stiffnesses and fundamental mode frequencies in bending
and torsion are also provided. Figure 3-1 summarizes passenger vehicle characteri-
zation data.

Truck descriptions include: principal masses, c.g. heights and moments of
inertia; vertical and lateral, primary and secondary stiffnesses; some basic data
describing damping in primary and secondary suspensions; centerplate yaw stiffness or
friction (breakway torque); and, basic truck geometry data. Schematic drawings
illustrating basic truck configuration, principal masses and interconnecting stiffness
and/or damping elémentsAare contained in Figure 3-1 through 3-4 of Volume II for the
four principal truck design groups. The descriptions provided are probably most useful
for analysis of carbody and/or truck vertical pitch/bounce response to vertical
excitations. These analyses include: assessment of vertical ride-quality character-
istics, vertical forces developed at the wheel/rail interface; and assessment of
spring-mass accelerations and/or relative displacements. Table 3-1 contains typical
passenger truck data for the GSI four-wheel swing hanger and Minden Deutz trucks.

The GSI swing hanger truck has someAsmall variations in the swing link-spring plank
arrangement. These differences are noted in Table 3-1 by designation of subgroups 1la
(inside swing-hanger arrangement) and 1b (outside swing-hanger).

For lateral analyses, the truck characterizations may require supplemental
information such as load/deflection/velocity characteristics of lateral suspension
elements which are generally non-linear. Some additional descriptive data for the
Minden Deutz and Budd Pioneer IIT trucks can be found in [5] while [4] provides
additional information describing the GSI Metroliner truck.



MC = Carbody mass

IPy = Mass moment of inertia in yaw
IPp = Mass moment of inertia in pitch
IP,. = Mass moment of inertia in roll
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Note:

TABLE 3-1. PASSENGER CAR TRUCK PARAMETERS

I. GENERAL FAMILY DESCRIPTORS AND COMPOSITION

FAMILY NO. 1 2
DESCRIPTION Single Level (oach =

(«t ized by) &cgl' ticn Coach All Bi-Levels

Overall ‘length (£t.) 8s 85

Truck center spacing (ft.) 59.5 59.5

Weight (ex. trucks) (lbs.) 89,220 98,920

Population 2625 792

Truck Code (%)

la(19), 1b(23), 1lc(23), 3(19)

la(52), 2(36)

II. ENGINEERING PARAMETER DESCRIPTION OF FAMILIES
Parameter Value Value
Mass (1b~sec2/in) 230.9 256.0
Center of mass (in.) 72.0 77.5
Yaw moment of zirlx::'t_xa ) 2.05 x 107 2.86 x 107
Pitch moment of inertia , 2.05 x 107 2.86 x 107
{(in-1b-sec®)
Roll mament of inertia 5 5
(in-1b-sec?) 4.67 x 10 8.37 x 10
Vertical stiffness " 607,100 936,400
(1b/in)
lLateral stiffness
(1b/in) 382,600 223,000
Torsicnal stiffness 7 7
(in-1b/rad) 43.2 x 10 79.9 x 10
Vertical frequency (B2) 6.5 8.5
lateral frequency (Hz) 6.2 5.6
Torsional frequency  (Hz) 15.2 15.5

From Appendix G, Vol. II




3.2 LOCOMOTIVE FLEET CHARACTERIZATION
The approach to developing fleet characterization data for locomotives and the

resulting data is similar to that described for passenger vehicles.. A total of
fourteen locomotive design groups, generically similar in terms of gross weight,
overall length, truck center spacing and (truck) axle arrangement, were defined

to characterize the fleet of approximatély 27,000 locomotives. Since 90% of the
locomotive field could be accounted for by just five design groups these design

groups were taken.as representative of the fleet and a typical design was selected

from each group as being representative of the entire group. Engineering data was then
assembled to describe this representative locomotive. The following locomotives

were selected as representative.

Model (s) Manufacturer® ' Description
F7, F9 EMD i Light, Short, 2 Axle Road Locomotive
GP7, GP9 EMD Medium Size, 2 Axle Road locomotive
GP38, GP40 EMD Heavy, Long 2 Axle Road Locomotive
SI7, SN9 EMD Medium Size, 3 Axle Road Locomotive
SP40, SDAS EMD Heavy, Long 3 Axle Road Locomotive

*EMD locomotives were selected because (a) EMD is the major producer of locomotives
accounting for approximately 82% of fleet and (b) differences in overall design
configurations with locomotives produced by other manufacturers are generally small.



Figure 3-2 indicates locomotive characterization data assembled in Appendix I
of Volume IT for each of the five locomotive design groups. Since data on
locomotive weights, length over end plates and length between coupler pins was
generally available for all locomotives within each design group a typical value,

a mean value and the standard deviation have been computed for these parameters to |
indicate typical variations in these parameters. The center of gravity location can
be assumed to be equidistant between the truck centers along

the car length, and at the axle centerline across the car width.

A total of five widely produced locomotive truck designs were identified as
follows.

4 wheel EMD ''Blomberg" Design (Reference Figure 4-2 Volume IT)

6 wheel EMD "'Flexi-Coil" Design (Reference Figure 4-3 Volume II)

4 wheel GE ""Floating Bolster" Design (Reference Figure 4-4 Volume IT)

6 wheel GE "Floating Bolster" Design (Reference Figure 4- 3 Volume II)

6 wheel EMD HTC (HiTraction) De51gn (Reference Figure 4-3 Vblump I11)

Each truck design group has been associated with principal locomotive design group

as indicated by the truck identification code included with the locomotive carbody data
of Appendix I in Volume II. Locomotive truck data is contained in Appendix J of
Volume II. Truck descriptions include: principal component masses, c.g. heights,
moments of inertia, vertical and lateral primary and secondary suspension data, center-
plate friction coefficients, and basic truck geometry data. Table 3-2 indicates
typical locomotive truck data for the EMD four-wheel ""Blomberg' Design and six-wheel
"Flexi Coil" designs. Schematic drawings illustrating basic truck configuration,
component masses and interconnecting stiffnesses are contained in Figures 4-2, 4-3,

and 4-4 of Volume IT. It should be noted that lateral stiffness elements and

vertical and lateral damping elements, although not indicated in these

schematics also exist at the locations shown for the vertical stiffness elements.

The truck data contained in Appendix J is most suitable for vertical pitch/bounce
analyses of locomotives. For analysis of locomotive lateral dynamics,

supplemental suspension data may be required to characterize lateral suspension

load/deflection/velocity relationships which are generally non-linear.



ML = Locomotive mass (excluding truck)

IL = Mass moment of inertia in yaw

1LY = Mass moment of inertia in pitch

1LP = Mass moment of inertia in roll
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Note:

TABLE 3-2. LOCOMOTIVE TRUCK PARAMETERS

I. GENERAL FAMILY DESCRIPTORS AND COMPOSITION

FAMILY NO. 1 2
( cagaﬂwby) Ll.g;;é Short, J?.\—’.:-::Sc.le ﬁ;hun, 2_“;%:5
(B F 7/9) (EVD GP 7/9)
Overall length 50-8" 56-2"
D.V.C. No. 1l 2
Width over side sills 18~ 1207
Weight (ex. trucks) 159,800 181,300
Population To797 7 8,830
Truck Code (%) 1(87), 3(13) 1(92)
II. ENGINEERING PARAMETER DESCRIPTION OF FAMILIES

Parameter Value Value
Mass 936 G aoon | a2 TR
Center of mass 83.0 80.0
Yaw moment of inertia 8.03 x 106 10.55 x 106
Pitch moment of inertia 8.03 x 106 10.55 x 106
Roll moment of inertia 1.43 x 106 1.43 x 106
Langth over end plates o S B eore 5
Lenqth over center plates | Sy EE 5% DoV TR MR TS, ey
Length over coupler pins 538.0 617.0
Length of couplers 35.0 28.5

NG 391 NC 391

Draft gear description

(aligmment cantrol)

(alignment control)

Notes: 1)

Locormotives in this tabulation are dimensionally symmetric,

therefore the overhang dimension has been cmitted.

2) Typical value was used in parameter camputation.

The mean

and standard deviation are based on the majority of loco-
motives in the family.

From Appendix I, Vol. II




4.0 SUPPLEMENTAL DISCUSSIONS

The following supplemental discussions are included to provide additional
information on selected elements of the freight vehicle characterization methodology
to more fully define the procedures and assumptions used in computing carbody
parameters and in developing generically similar freight vehicle families. Some
additional data is also included to indicate the non-linear nature of freight
vehicle truck suspension elements and possible variations in nominal vertical

spring rates associated with different spring group arrangements.

4.1 COMPUTED CARBODY PARAVETERS
After selection of a vehicle representative of each DVC, (refer to Figure 1-1 and

the discussion of Section 2.1), dimensional and structural data, such as that shown

in Table 4-1 for boxcars, was assembled from-design drawings taken from Pullman's
engineering files for use in developing more detailed carbody descriptions. This

data was used in computing car body mass moments of inertia, carbody static

bending stiffnesses and estimates of vertical and lateral fundamental mode frequencies.
Estimates of carbody stiffness and fundamental torsional frequency were also made
based on extrapolations of available test data. This data has been generated for

all of the 198 DVCs characterizing the nine mechanical car types.

Carbody weight was determined for each DVC by taking the mean value of vehicle
lightweight as determined from UMLER sorting and analysis, and subtracting the
weight of a carset of trucks. Carbody c.g. height was established from engineering
reports for similar or identical vehicle designs. The following discussion de-
scribes the general nature of the assumptions and computational methods used to
compute moments of inertias, stiffnesses and bending and torsional frequencies for

the various car types, using the boxcar shown in Figure 4-1 as an example.

Carbody Mass Momennts of Inertia
The carbody weight (WC) and c.g. height (YC) were used to determine mass

distributions among sides, ends, and roof (assuming mass distributions proportional

to these surface areas and uniform density) and the heavier carbody floor, as follows:

From a moment balance
WC(YC) = XH(WE + WP + WS)
From a force halance

WC = ZWE + 2WS + WR + WF



TABLE 4-1. TYPICAL INPUT DATA FOR PARAMETER
COMPUTATION PROGRAM (PARMS)

EXAMPLE - BOX CAR 24a

Source

WC - Carbody Weight --68,500 1bs. 1
XL - Carbody Length (inside) --729 in, 1
XT - Length between Truck Centers -~555 in, 1
XP - Length between Coupler Pins --760 in. 1,2
XC - Coupler Length --29.3 in, 1,2
TS - Torsional Static Stiffness --21.0x107 in-1b/rad. 3
CG - Center of Gravity Height above Rail --72.9 in. 4
XB - Height from Rail to Bottom of Carbody --42,0 in. 2,4
XW - Carbody Width _ --122.0 in. 4
AP - Side Plate Area -:3.8 in.2 4
AS - Side Sill Area -<8.7 in.Z 4
XH - Carbody Height | --137.0 in. 4

" PM - Moment of Inertia--Side Plate in Doorway --39.2 in.4 4
SM - Moment of Inertia--Side Sill in Doorway --387.3 in.4 4
XD - Door Width --120.0 in. 1
AT - Side Plate Area in Doorway --6.8 in.2 4
AB - Side Still Area in Doorway --11.4 in.2 4
BX - Distance from Truck Center to Edge of Door --217.5 in. 4
Sources:
1 =:DVC data from UMLER
2 = AAR Design and Construction Specifications
3 = Estimate based on available test data
4 = Engineering drawings or reports
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Considering weight distributions of sides, ends, and roof in proportion

to surface area, results in

XH XH
v WR, WE = & WR etc.

WS = XT

These equations can be used to determine weights of sides, ends and roof as a
function of carbody weight, C.g., height and vehicle dimensions and surface
areas, viz,

(Wé) (YC) (X1)/sD

WS =
WE = (WC) (YC) (XW)/SD
WR = (WC) (YC) (XL) (XW)/ (XH) (SD)
_ YC(2(SD) - (xiw (xL) | - - + N :
WF = (WC) [1 - (XA TD) ] WC (2WE AWS) WP

where SD = (XL) (XH) + (XH) (W) + (XL) (XW) = 1/2 vehicle surface area.

Having apportioned carbody weight in this fashion, the mass moments of inertia
were computed from the following expressions

2 2 2 2 2
WS | XH XW WE |[XH® + XW W 2
IROLL_G[T+%+_G_[___] T[-+(XH-YC)]

+ WF | Xw2 2(WS + WE) XH 2
—G‘[Tz“ *YC] M [T ‘YC]

rootsixl e we [0 aZ] | re we)ad « )
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2 2 2
_ WS | XL* + XH WE | XH XL, WR XL -
IPITCII == [___6__] + [_6_ _Z"] [_Z— + (XH - YO) J

2 12
WF | XL 2 2(WS + WE) XH _
+ [_ + YC] + — [T chf



Carbody Static Stiffness

Carbody bending stiffnesses were computed by treating the carbody as a simply
supported beam of length XL supported at the bolsters. For box, stock and re-
frigerator cars this was done by finite element modeling of the carbody structure
to develop a vertical bending stiffness distribution along the length of the car
using appropriate structural data for each car type (i.e. AP, AS, AT, AB, PM and
SM as shown in Table 4-1 for boxcars). The deflection at the center of the carbody
was computed assuming a uniform distribution of carbody weight over its length.
Carbody stiffness has been defined as the eﬂtire_car weight divided by the de-
flection at the carbody center.

 In computing variations in carbody vertical bending stiffness for boxcars,
all of the flexural rigidity is assumed to be supplied by the car sides except
at the door opening locations where the flexural rigidity is provided by the main
structural beams in this area. The side structure is represented by side plate and
side sill members connected through side girders. For the lateral stiffness
distribution, the floor structure represented by side sill members connected
through lateral crossties is considered to provide all of the lateral flexural
rigidity. Torsional stiffnesses were estimated by interpolating or extrapolating
torsional stiffness data taken from tests on similar vehicle configurations,
in accordance with car length. Torsional stiffness is defined as the torque
required to produce a relative angular displacement or twisting of the carbody

as measured at the truck centers.

Carbody Bending Frequencies

Fundamental mode frequenices have been computed for carbody vertical and
lateral bending modes of vibraiton. Except for bok, stock, and refrigerator cars
which have obvious structural discontinuities around the door area, the
carbody is considered to be a uniform free beam having uniform stiffness and
mass distributions along the length of the car. For the fundamental mode, the

vertical bending frequency is given by

Bl
_11.2 s
fv = = ;E?I (HZ)



where E = Modulus of elasticity for steel

I Area moment of inertia of side structure

S

m = Carbody mass per wnit length
L = Carbody length

The lateral bending frequency is computed in a similar manner except that the
area moment of inertia is based on the main structural elements contributing to
lateral flexural rigidity (such as the floor structure for box cars).

An estimate of the carbody natural frequency in torsion is provided by
assuming the carbody to be represented by a single degree of freedom torsional
system with massless spring and concentrated mass, viz

1 t-
Na Vany

t R

where Kt Carbody torsional stiffness

IR = Carbody mass moment of inertia in roll

For box, stock and refrigerator cars, a finite element model of the carbody
structure, including doorway, was used to compute vertical bending mode frequencies
for these cars.

Computed values of carbody fundamental bending mode frequencies have been
compared with a limited amount of available test data for similar car types.

These comparisons indicated relatively good agreement for the vertical bending
mode (i.e., in the order of 5 to 30%), fair agreement on lateral bending fre-
quencies and gross differences in the torsional mode. The carbody modal fre-
quency data is not intended to provide detailed structural response data on
specific car designs, but rather is intended to indicate which vehicle designs

are likely to have modal response characteristics in the frequency range typically
associated with vehicle/track dynamic interation and to identify rigid vs.
flexible carbody designs. 'Although they are only estimates, the vertical

and lateral bending mode frequencies are useful for this purpose. The torsional

mode data is based on gross assumptions and should be used with care.



Load Dependent Carbody Parameters

Since carbody mass, center of gravity height, moments of inertia and modal
response frequencies are all influenced by load characteristics, these parameters
have been recomputed for each distinctive vehicle design (i.e., each DVC) and for
each representative load identified with each vehicle. Loads are generally assumed
to be uniformly distributed over the carbody floor. Commodity dependent cars such
as open and covered hopper cars, and tank cars, are assumed loaded to full
volumetric capacity. Average load and density data, similar to that shown in
Table 4-1 are used to establish a composite vehicle/load center of gravity
height and mass. Inertias and modal frequencies are re-computed for each Vehicle/
load combination, using the formulations described above. The lading is assumed
to have negligible effect on structural stiffnesses.

4.2 VARIATIONS IN FREIGHT VEHICLE TRUCK SUSPENSION
Engineering date describing freight vehicle truck masses, inertias, dimer-

sions and suspension data is organized in Appendix D of Volume II and typical
truck data is shown in Table 2-6 of Section 2. It should be noted that certain
of the suspension stifnesses vary non-linearly with the working height of the
spring group. Although a complete description of non-linearities is not in-
cluded here stiffnesses corresponding to empty and fully loaded conditions are
included to provide some indication of lateral and yaw stiffness variations
under load. The non-linear behavior is probably associated with changes in
the mechanics of lateral spring loading as the spring working height is changed.
In the lightly loaded condition each coil of the spring has a substantial pitch*
and lateral spring compliance arises from combined torsion and bending of each
coil. As the load is increased and the spring height approaches the solid
height, spring loading in torsion is relatively small and the lateral load
is resisted primarily by bending of the coils which produces a net stiffening
effect.

Truck yaw stiffnesses contained in Appendix D and shown in Figure 2-5 are
defined as the forque required to produce bolster yaw motion with respect to

constrained side frames. In this mode the spring groups are actually loaded

FPitch is usually taken as the free height divided by the number of coils for
a compression spring.



in combined shear and torison although torsional spring motions should be
relatively small due to constraints in bolster to sideframe relative to
motions. Accordingly truck yaw stiffness is based on a longitudinal spring
rate assumed equal to the lateral spring rate,* and is also non-linear with
vertical spring travel.

From tests conducted on a 70 ton ASF Ride Control Truck [2] changes in
vertical and lateral spring stiffness with vertical spring deflection were ap-
proximated as shown below. (Refer to Figure 2-5.)

' . Application Spring
Loading Symbo Rate of Change Height Range (in.)

Vertical . kv' None 7 - 9-3/4
Lateral kg +3,260 1b/in/in.vert. 7 - 9-1/2

deflection

The vertical spring deflection is seen to be linear over the full appiica—
tion spring height range (approximate spring heights corresponding to empty and
fully loaded conditions), while the lateral spring rate is quite sensitive to
vertical spring deflections.

Other non-linear truck suspension characteristics may result from friction
damping, slop (i.e. clearance between truck components), and stiffnesses arising
from hitting hard stops.

In addition, each major truck design (i.e. 50, 70 and 100 ton trucks) may
be equipped with a mumber of Spring groups arrangements having different free
height, spring travel, and vertical stiffness characteristics as indicated in
Table 4-2. [1,6] Each group is composed of a specific arrangement of inner and outer
compression springs (designated as D3, D4, D5, D6 and D7 spring designs). The most
common spring group for each major truck capacity group is indicated and the truck
characterization data of Appendix D is based on these most-common groups. (Small
differences in vertical stiffness data may be observed in comparing this data with
Appendix D. This is due to some minor differences in test data (2] and nominal
values contained in the AAR Manual of Standards and Recommended Practices).

“Yaw stiffness is computed from K,, =-% KQLZ where L is the lateral spaciﬂg
between spring group centerlines (usuaily about 78").



TABLE 4-2. RANGE IN VERTICAL STIFFNESS CHARACTERISTICS FOR VARIOUS SPRING

GROUP ARRANGEMENTS BY JOURNAL BEARING SIZE

SPRING
: 2 1/2 3 1/16 3 11/16 4 1/4
TRAVEL (in) RANGE IN
FREE HEIGHT (in){ 9 1/16 9 5/8* |10 1/4* |10 13/16 * |VERTICAL
SOLID - : STIFFNESS
HEIGHT (in) 6 9/16 |6 9/16 6 9/16 6 9/16 | (LB/IN)
5 1/2" x 10" 0,0 0.0 **| X
0 JOURNALS X QO (=) 17,600
% ;:;ﬂ"(: ﬂ: 9-“’(:1 . Da S-Nflﬁ o
E" R ong L] 3= ( HmERS [ ) 9 - 100LNS [ K 3 TO
o |SOLID CAPACITY 66,502 67,135 64,865
Y |VERTICAL 26,600
STIFFNESS 26,600 21,900 17,600
@ - o 00
6" x 11" o0 og° 030 ** 3° .
2 JOURNALS 0e0 ©00 000 000 20,000
o o 93| ltowrem osa f Liomim 03] Lommm 3
& - TO
o {SOLID CAPACITY 83,645 81,061 83,086 85,142
"~ NERTICAL T 33,500
STIFFNESS 33,500 26,500 22,500 20,000
" 000 006 000 **
sura | &8 L& | & | 8
JOURNALS cunm oo | temm o) eemn n| orumom
SOLID CAPACITY [[102,964 100,488 99,760 98,318 23,100
v |VERTICAL
Z 41,200 32,800
S STIFFNESS 2.80 27,100 | 23,100 0
= P — . _—‘"r ') 000 000
S| 6 1/2 X 12 o@@ 999 929 41,200
JOURNALS 000 060 000
SOLID CAPACITY | 96,522 94,793 95,698
VERTICAL
, 26,00
STIFFNESS 38,600 31,000 »000

* QUTER COIL

*%* MOST COMMON SPRING GROUPS

Taken from Reference 4:

AAR Manual of Standards and
Recommended Practices
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Figure 4-2,

Freight Truck "Warp" Degree of Freedom



It should be noted that the yaw stiffness data contained in Appendix D
and discussed above is not a total truck warp, (also referred to as tramming
or lozenging) stiffness. Figure 4-2 illustrates the "warp" degree of freedom
which results in equal axle and bolster angular displacements relative to the
truck side frames due to an applied load as’ shown. The truck warp stiffness may
also be dependent on vertical spring displacements (i.e. preload). Although only
limited test data on truck warp stiffness is available, the following table
indicates typical values based on tests of 70 ton Barber and ASF Ride Control
Trucks equipped with roller bearings.

In these tests the ASF truck was relatively insensitive to preload as
shown below.

Truck Warp Stiffness (in-1b/rad)

Preload - ASF Barber
20,000 1bs 4.4 x 10 1.9 x 10’
100,000 1bs © 3.4x 10 7.0 x 10

4.3 DEVELOPMENT OF GENERICALLY SIMILAR FREIGHT VEHICLE FAMILIES
An overview of the freight vehicle characterization data developed under

this effort was presented in Section 2.0 with a relatively brief discussion on the
development of generically similar freight vehicle families. The following
paragraphs describe the mechanics of developing these families in more detail
using the 198 unloaded and 434 loaded vehicle characterizations with associated
populations and total anmual mileage estimates as described in Section 2.0

as the basic freight vehicle fleet description.

. In order to develop improved performanced-based safety standards for track
which 1limit vehicle/track dynamic interaction to safe and tolerable levels,
detailed analytical studies are necessary to quantify inter-relationships between
railcar safety, operational speeds and track geometry variations. This requires
consideration of a wide range of track conditions, rolling stock and operational
speeds associated with railway operations. In order to cope with the vast number
of individual vehicles in the fleet, the range of track characteristics-and
operational conditions possible, probabilistic studies of vehicle/track dynamics
which will consider a matrix of statistically described track conditions and
generic vehicle families are planned. These studies will result in a set of
derailment probabilities for various classes of vehicles operating over various

classes of track.



In such an analysis, it would be impractical to consider separately each
of the 632 unloaded and loaded vehicle characterizations previously described,
although analysis of individual vehicle designs in specific derailment scenarios
are, and will continue to be necessary. More global analyses will require a
smaller number -of vehicle characterizations describing the full range of rolling
stock configurations. Since the reduced number of vehicle groups necessarily
involves some variation within each groﬁp, it is natural that the group
descriptions are statistical in nature.

This leads to the concept of further grouping of railcars based on im-
portant configurétional features which are known to influence a railcar's dynamic
performance. Characterizing the freight vehicle fleet by a reduced number of
generically similar freight vehicle families is expected to be a practical and
Cost-effective approach in conducting studies in rail systems dynamics toward
meeting the above objectives. Based on recent analyses the most important,germane
configurational features of railcars include: truck suspension.characteristics
(as defined by truck capacity); truck center spacing; vehicle gross weight;
carbody center of gravity height, and carbody vertical flex1b111ty character-
istics. Further grouping of the DVCs in this manner will result in a smaller
number of generically similar families which are expected to exhibit similar
dynamic response characteristics. Cars of different function and/or mechanical
design wiil routinely be grouped together prov1ded they have similar design
configurations as defined above:

The number of railcar families which would result from' such a grouping
is approximated by the. following (prellmlnary grouping algorithm);

A. Number of major and distinctive suspension designs = 3

These are 50, 70 and 100 ton truck designs. Grouping railcars having
different truck design (e.g., a group containing both 50 and 70 ton
cars) would present an obvious problem in suspension characterization.
The relatively small number of vehicles associated with 125 ton and
low-level truck designs would be handled as special cases.

B. Number of truck center spacing groups = 3

These groups would approximate short, medium and long vehicle groups.
€. Number of carbody weight ranges = 4

These ranges would correspond to empty car and to light, moderare

and heavy loud ranges. ¢
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D. Number of center of gravity height ranges = 3

These ranges would approximate low, medium and high center of gravity
vehicle configurations. .
E. Number of carbody flexibility groups = 2

These would be flexible and relatively rigid carbodies as determined by

vertical bending frequency. N

The number of generically similar railcars which could result from the
above grouping algorithm is 216, which is not a radical reduction of the 632
individual vehicle and vehicle/lading characterizations. However, many of the
sets represent null or very small population groups which could be lumped with
similar groups (by small changes to the grouping algorithm) to reduce the total
number of railcar configurations to approximately 50 to 70 generically similar
groups. Pullman has completed an initial definition of generically similar
freight vehicles resulting in a total of 66 famlies as described in Volume II
of this report (Appendix E), including 125 ton, low level truck capacities; LPG and
chlorine tank cars; and,TOFC.

Since, in general many vehicles are included in each family, engineering
parameters describing these families must be expressed in-terms of their mean
values and associated stafistics of variation for each geﬁerit;family. Since only
vehicles of similar truck design are grouped together, the truck descriptions
(as defined in Appendix D of Volume 2) are also valid for-the generic freight
vehicle family descriptions. Also, since each vehicle or vehicle/lading
combination contained within a particular generic family have more or less usage
than others (as indicated by the mileage estimates corresponding to each
vehicle or vehicle/lading combination), the computation of statistical descrip-
tions of carbody parameters takes this "usage"'factor into account. Mileage-
weighted statistical descriptions were thus computed as described in the
following example.

Consider the computation of the mean roll inertia for the vehicles which
constitute the-freight vehicle generic family defined by the following:

o Truck Capacity: 50 tons

o Truck Center Spacing: 31 to 37 ft (med. short)

o Vehicle Gross Weight: 46,000 to 65,000 1bs (empty of very lightly loaded)



0 Center of Gravity Height:* 24 to 44 inches (low center of gravity

height) '
o Vertical Bending Frequency: above 20 Hz(relatively stiff carbody)
The major vehicle configurations (i.e., DVCs) which would fall into this
group primarily include empty or lightly loaded gondolas or flatcars.
If there are n NDVCs which comprise this family, each having a mileage
factor denoted by Mi and individual roll inertia denoted by (Ir)i a
mileage weighted mean value of roll inertia (Ir) is computed from:

n
Tr - rlx ’ ;1 (Ir)i Mi
0l |
i=1

Having defined.T}, thé-standard deviation from the mean is computed according
to

n
2 (1 - TP
S(Ir) = 1= .

M.
i

™=

Similar computations are made to complete the (statistical) description of
generically similar freight vehicle configurations, resulting in family de-
scriptions of the form shown in Table 2-7 of Section 2.2. Part A of Table 2-7
indicates general family descriptors, typical freight cars included in the
family and relative family size. Part B indicates engineering parameter descrip-
tions of generically similar carbody configurations in statistical form. The
initial generic family descriptions described in Appendix E of Volume II were
developed based on an initial sorting algorithm intended to:

(a) Define natural families of generically similar freight vehicle -

configurations

*Above top of rails; excludes truck weight.



b)

(c)

Balance family sizes (in terms of total aggregate mileage traveled by
constituent members) such that each family has a respon51b1e 'size'"
Group vehicles, to the extent possible, in a manner such that the
statistical distributions of the sorted paramaters are normal.

In summary the preceeding discussion of generic vehicle family development

1s intended to emphaize the following:

(a)

(b)

&
The 632 wvehicle and vehicle/lading description characterizing the

fleet of 1.7 million U.S. freight vehlcles may be further grouped

on the basis of key configurational features, into a smaller number of
generically similar railcar families. (If necessary, modifications to
the initial generic family deflnltlons contained in Volume II, may be
easily and rapidly made u51ng ex1st1ng computer sorting codes.)

The generic vehicle families will permit a cost-effective approach
to more global analysis of rail systemﬁgdyngmics,“”
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