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PREFACE

In recent years, there has been a resurgence of interest in expanding railroad passenger service 
in the United States. The interest has encompassed both intercity service and, especially, 
commuter service around large cities. Several factors have combined to create this interest, 
including a need to reduce airport and highway congestion, and to reduce air pollution in 
some regions of the country. The attractiveness of passenger rail is enhanced by the ability to 
make use of existing railroad infrastructure to initiate service quickly and at relatively modest 
cost compared with other options for improving local and regional public transportation.

A consequence of this interest is a substantial and growing investment in new railroad 
passenger cars (as distinct from heavy rail mass transit and light rail cars) for operation in the 
United States. About 200 new railroad passenger cars are purchased each year. In an effort to 
improve car performance and productivity, these purchases are likely to include car and truck 
designs not previously used in the United States. In the past there have been problems with 
newly introduced car designs, for example due to the cars encountering operational or track 
conditions not considered in the design. It is necessary to perform engineering analysis to- > 
resolve such problems, and also to perform proactive evaluations of novel truck and car 
designs to ensure that safety and performance goals are being met. This report presents 
engineering descriptions and data on selected railroad passenger cars and trucks to support 
these analyses and evaluations.

The report was prepared by Arthur D. Little, Inc., together with Parsons Brinckerhoff Quade 
and Douglas, Inc. as subcontractor to Arthur D. Little, under Contract Number DTS-57-93-D- 
00036 with the John A. Volpe National Transportation Systems Center. The Federal Railroad 
Administration, Office of Research and Development was the sponsor of the study.

The authors of the study wish to express their appreciation to Harvey Lee (the project 
manager for this effort), David Tyrell and Herbert Weinstock of the Volpe Center and Tom 
Tsai of the Federal Railroad Administration for their assistance and support throughout the 
study and for helpful comments on the draft report, and to Ronald Mayville at Arthur D. Little 
and Mike Sadler at Parsons Brinckerhoff. The authors would also like to thank the numerous 
representatives of U.S. intercity and commuter rail authorities and passenger car and truck 
manufacturers who provided information and assistance throughout the study.
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EXECUTIVE SUMMARY

In recent years, there has been a resurgence of interest in the United States in intercity 
and commuter railroad passenger services. Several factors have combined to create this 
interest, including a need to reduce airport and highway congestion in major cities, and 
to reduce air pollution and other adverse environmental impacts of heavy automobile 
traffic.

Commuter rail services are an attractive option for improving public passenger 
transportation in large urban areas. Services can be initiated quickly and cheaply using 
existing infrastructure, and can reach the outer suburbs of the cities where there are 
many potential riders. Improved intercity rail services are of continuing interest in 
many corridors, offering the potential to reduce airport congestion and to provide an 
attractive service in selected segments of the travel market. New and expanded 
commuter and intercity rail services are under active development in several regions, 
most notably in the Northeast Corridor, between Washington and Boston, in the 
Chicago area, and in various locations in California.

This interest has led to a substantial investment each year in new and refurbished 
railroad passenger cars in the United States. Over 600 cars are presently in operation in 
the United States, and new cars are being delivered at an annual rate of about 200 per 
year, representing an investment of the order of $200 million.

These purchases are likely to include car and truck designs new to the United States 
that offer potential benefits in the form of higher speed capability, improved comfort, 
greater passenger capacity, and reduced capital and operating costs. However, 
experience suggests that such new designs are vulnerable to performance problems 
when first placed into service, for example due to the car and truck encountering track 
or other operational conditions not considered in the design. To reduce the risk of such 
problems, it is desirable to perform engineering evaluations of truck performance prior 
to finalizing car and truck design for a particular application. Such evaluations are 
particularly appropriate when the car or truck embody novel features such as body tilt 
and radial trucks. Also it sometimes necessary to perform these evaluations to resolve 
safety problems with newly introduced truck and car designs.

One class of engineering evaluation of rail passenger car performance involves the 
application of computer analysis tools to investigate the car and truck dynamics, 
including track-train interaction, ride quality and derailment safety. To perform such 
analyses, data are required on the arrangement of car truck used, on the mass and inertia 
of the car and truck components, and on truck suspension characteristics such as spring 
and damping rates.

At present much of this data are not readily available. Although a number of prior 
studies in this general area have been performed by agencies of the United States 
Department of Transportation, the data in these studies are either incomplete of out of 
date. This study was initiated to help fill the need for current truck and car data 
relevant to the analysis of rail passenger car and truck dynamics.
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The specific contents of this report are as follows:

• A detailed discussion of the functions of a passenger car truck, and descriptions of 
the different mechanical arrangements used to perform the functions

• Tabulations and descriptions of the present population of railroad passenger cars in 
the United States.

• Detailed engineering data, as available, on selected major and distinctive passenger 
car trucks used in the United States. Major and distinctive means trucks that are 
widely used or may be widely used in the future, and which have a distinctive 
arrangement of major components and their interconnections.

The discussion of passenger car truck functions and design alternatives starts with a 
definition of the principal technical terms used to describe trucks and railroad operating 
conditions. Then the primary truck functions are described:

• To support the rail vehicle by providing adequate load paths from the car body to 
the track for vertical, lateral and longitudinal loads. These load paths react 
gravitational, acceleration, braking and guidance forces applied to the car.

• To guide the vehicle along the track without incurring wheel to rail forces and force 
combinations that could lead to a risk of unacceptable track damage or derailment.» 
The requirement usually means avoiding dynamic instability and the generation oft 
excessive forces in curves.

• To isolate the carbody from track irregularities, so as to give the car occupants an 
acceptably comfortable ride, and to maintain vehicle-track loads within acceptable 
limits.

In addition, a passenger car truck may have to accommodate a variety of auxiliary 
equipment, such as brakes, electric motors, and gearboxes.

The wide variety of truck designs which have evolved to meet these operating 
requirements are described, including both the basic four-wheel truck that is used on s 
almost all cars currently operating in the United States, and trucks with added features 
designed to improve one or more aspects of performance. Different sections of the 
report describe truck frame arrangements, primary suspension alternatives (between 
the wheelset and the truck frame), and secondary suspension designs (between the truck 
frame and the car body). The discussion of trucks and car designs with added features 
includes bilevel car designs, steering trucks of different types, and single axle trucks 
and independent wheel wheelsets.

To provide a structure for the data and descriptions for individual truck designs, a truck 
design classification scheme was developed. The scheme classified trucks by truck 
frame type as the primary division, with secondary classification by secondary 
suspension layout and the presence of additional features.

The primary classifications were as follows:

• Single axle trucks, for example as fitted to the Spanish Talgo Pendular high-speed 
tilting train.

• Trucks with independent sideframes, which are commonly used on freight cars and 
on some baggage cars used in intercity passenger service.
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• Articulated frame trucks, such as the Budd Pioneer applied to Amtrak’s Amfleet 
cars used in the Northeast Corridor (at speeds up to 200 km/h (125 mph)), and 
elsewhere on shorter intercity corridors in the Amtrak system

• Rigid frame equalizer beam trucks, such as the Buckeye (formerly GSI) G70 series.

• Rigid frame trucks, with the primary suspension positioned between the axle 
journal and the truck frame, directly above the journal. Trucks of this design are 
widely used in Europe and Japan, and a number have been supplied to the United 
States on recently purchased cars.

An analysis of the population of railroad passenger cars in the United States is detailed 
in Appendix 2 of the report. Note that this population only includes cars that operate on 
the main line railroad system. Cars which only operate on segregated heavy and light 
rail mass transit systems are not included. The population data show that at the 
beginning of 1994 there were approximately 6400 passenger cars in operation in the 
United States. Over 90 % of these cars were operated by Amtrak (26%), and the six 
largest commuter rail authorities (Long Island RR, METRA (Chicago), Metro-North, 
New Jersey Transit, and Boston and Philadelphia’s commuter rail systems). Nearly 
60% of these cars are equipped with different variants and generations of the 
GSI/Buckeye equalizer-beam cast steel truck. The other leading truck type in the 
population is the Budd Pioneer at 24% (on Amtrak Amfleet cars and in a powered 
version on Metro-North and Long Island electric multiple-unit cars). The remaining 
16% of cars are equipped with rigid frame trucks having the primary suspension 
directly above the axle journal, to designs originating in Canada, Europe, Australia, and 
Japan.

Detailed data on 8 selected truck design and passenger car combinations are provided in 
Appendix 1. The designs were selected to be representative of the trucks currently in 
use and of trucks likely to be used in increasing numbers in the future. The specific 
designs included are:

• The Budd Pioneer, as the only truck operated at speeds of 200 km/h (125 mph)

• The GSI/Buckeye G70 inside frame unpowered truck used on most single level 
commuter car

• The GSI/Buckeye G70 inside frame powered truck, the most commonly used truck 
on single-level electric multiple-unit commuter cars

• The GSI/Buckeye G70 outside frame unpowered truck used on recently purchased 
intercity cars

• The German Waggon Union MD 76 truck used on the first series of Amtrak 
Superliner bilevel long-distance intercity cars.

• Three types of unpowered rigid frame journal spring trucks from foreign 
manufacturers, the Nippon Sharyo and Kawasaki from Japan and a bolsterless truck 
from Comeng in Australia. The Nippon Sharyo trucks are used on single level 
commuter cars, and the other two designs on bilevel commuter cars that are 
increasingly favored by the commuter rail authorities.

xi



1. INTRODUCTION

1.1 BACKGROUND
In recent years there has been a resurgence of interest in the United States in intercity and 
commuter railroad passenger services. Several factors have combined to create this interest, 
including a need to reduce airport and highway congestion in major cities, and to reduce air 
pollution and other adverse environmental impacts of heavy automobile traffic.

Commuter rail services are an attractive option for improving public transport in medium and 
large cities. Services can be initiated quickly and at modest cost on existing railroad 
infrastructure, and can reach the outer suburbs of cities where there are many potential users. As 
a result, there has been considerable investment in new and expanded commuter rail services. 
Notable examples of entirely new services are those between Miami and Fort Lauderdale in 
Florida, several routes in Southern California, and from Washington DC to several points in 
Northern Virginia. Expansions of existing commuter services are in progress or planned in 
Boston, San Francisco, Chicago, and elsewhere.

Improved intercity rail services are being proposed as a way to reduce airport congestion and 
fossil fuel consumption, as well as simply providing an attractive service to a segment of the 
travel market. Amtrak and the federal government are making a major investment in electrifying 
the North-East corridor between New Haven and Boston, and will be acquiring a fleet of 26 .1 
high-speed electric trainsets. In addition, federal and state transportation agencies, together with 
private sector interests, are actively pursuing plans for the development of high-speed rail 
services in several other intercity corridors. The current (1994) emphasis in these plans is on 
providing improved service through incremental improvements to existing infrastructure. Plans 
exist in various stages of development for service improvements between San Francisco and San 
Diego in California, between Portland Oregon and Vancouver in the North-West, on several 
lines centered on Chicago, between Miami, Orlando and Tampa in Florida, and elsewhere.
Under section 1010 of the Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA), 
incremental infrastructure improvements in selected corridors are eligible for financial support 
from the federal government

This interest has led to a substantial and growing investment each year in new rail passenger cars 
in the United States. Over 6000 rail passenger cars are presently in operation in the United 
States, and new cars are being delivered at an annual rate of about 200, representing an 
investment of the order of $200 million per year. These purchases will likely include cars of new 
designs, not previously operated in the US, that offer potential benefits in the form of higher 
speeds, improved comfort, greater passenger capacity, and reduced capital and maintenance 
costs.

In the past, however, there have been problems with some new car designs when first placed into 
service in the US. Such problems can be due, for example, to the car encountering operational or 
track conditions that were not considered in the car design or specification. Where such 
problems can be detrimental to safety, engineering evaluations must be performed to investigate 
the causes of the problem. In addition, it is desirable to perform engineering evaluations of new 
passenger rail car and truck designs, especially those with novel car features such as car body tilt 
systems and radial or steering trucks. The evaluations are used to determine the safety 
performance of the car and truck, the benefits of the novel features, to support the car purchaser 
in developing effective performance specifications, and to compare alternative equipment
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options. One class of engineering evaluation is the evaluation of car and truck dynamics, 
including track-train interaction, ride quality and related issues.

In support of Federal Railroad Administration (FRA) efforts to improve passenger rail car safety 
with respect to the dynamics of track-train interaction, the Volpe National Transportation 
Systems Center (the Volpe Center) is developing analytical tools capable of modelling the 
various passenger rail car designs currently in service, or which may be considered for service in 
the United States. The analytical tools will be used to perform analytical studies of the dynamic 
performance of different car and truck designs for specified track and operational conditions.

The dynamic performance of passenger rail cars is primarily a function of the mass and inertia of 
car and truck components, and truck or suspension characteristics such as spring stiffnesses and 
damper rates. Before dynamic analyses can be performed on a particular car design, it is 
necessary to assemble data on the engineering parameters of the car such as masses, inertias, 
spring stiffnesses, spring travel, and damping rates. At present, much of the required data are not 
readily available. The purpose of the study described in this report is to provide, to the extent 
possible, truck and car engineering data for selected representative car and truck designs. The 
data can be used to support dynamics analyses, and the accompanying descriptions of truck 
designs and usage will be useful in helping car operators select appropriate truck or suspension 
designs for a given application.

1.2 PRIOR WORK

Several studies have been carried out in the past to obtain descriptive information and
engineering data for different passenger car and truck designs, under the sponsorship of the
Volpe Center and the FRA. Tlie most relevant to this study are the following:

• A compilation of engineering data on rapid transit and light rail car trucks, published in 1984 
(Reference 1). This study was limited to trucks used on segregated heavy mass transit and 
light rail systems, and did not address trucks used on commuter or intercity passenger cars. 
This study is the prototype for the study documented in this report.

• A compilation of data on high-speed passenger trucks published in 1978 (Reference 2). This 
report provided comprehensive data on high speed truck designs then in service, principally 
in Europe and Japan. A few of the truck designs covered in this report are currently in 
service in the US, or are being proposed for service in the future, However, most have been 
superseded by more recent designs, and the data now has limited applicability.

• A compilation of engineering data on freight and passenger rail cars operating in the United 
States published in 1981 (Reference 3). The report included data on four passenger car truck 
and on two 'generic' passenger carbody types.

• A series of reports prepared by the IPEEP (Improved Passenger Equipment Evaluation 
Program) in the period 1977 to 1981 (Reference 4). These reports provided descriptions and 
limited data on intercity passenger train systems existing at that time, but did not provide the 
level of detail required for dynamics analysis. Also, many of the trains described have now 
been superseded by more recent designs.

• A report discussing high-speed rail safety issues, accompanied by descriptions and limited 
data on high-speed train systems, published in 1990 (Reference 5). Like the IPEEP studies, 
this report provides some general descriptions of the train systems, but the data lacks the 
detail needed for dynamics analysis.
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• A  report describing international tilt train systems, published in 1992 (Reference 6) This 
report is current and provides good qualitative descriptions o f the train and tilting truck 
systems, including some radial or steering trucks, but provides only lim ited numerical truck 
parameter data.

It can be seen that these reports are either out-of-date, or fail to provide the detailed numerical 
data on railroad passenger cars and trucks sufficient to meet the needs o f dynamics analysis. 
Furthermore, the past work has concentrated on foreign high-speed car and truck designs, and 
has not covered conventional speed intercity and commuter car trucks now being used in 
increasing numbers. Therefore, there is a strong need for a fresh effort to obtain passenger car 
and truck descriptions and dynamic data for car designs in use or proposed for use in the United 
States, to be used in dynamics analysis for safety evaluation and problem-solving.

1.3 OBJECTIVES OF THE STUDY

The overall objective o f the study documented in this report is to provide, to the extent practical, 
detailed engineering data on a representative sample of railroad passenger car trucks and car 
bodies currently being used, or likely to be used, in the United States. The data are supported by 
information on the population of railroad car trucks currently in use, and on the operating 
environment and maintenance experience for the sample trucks. For the purpose o f the study, 
railroad passenger cars are defined as those which operate on the general railroad system o f the 
United States, and are built and operated in compliance with applicable safety regulations o f the 
Federal Railroad Administration and rules, standards and recommended practices o f the 
Association o f Am erican Railroads. Truck designs used only on rail vehicles operated on 
segregated m ass transit systems are not included in the study.

In  more detail, the specific objectives o f the study were:

• Identification of major and distinctive railroad truck designs from domestic U S  and foreign 
manufacturers that are in current use, or are proposed for use, on commuter and intercity 
passenger cars in the United States. In  the context o f this objective, ‘major’ means a truck 
being used or likely to be used in significant numbers in the U S, and ‘distinctive’ means a 
truck design having unique load-paths between track and carbody, or incorporating unique 
components to perform one or more of the primary functions of a truck.

• Assem ble engineering data describing a representative sample o f the major and distinctive 
truck designs in terms of principal masses, inertias, suspension characteristics, dimensions 
and clearances, and other parameters likely to influence truck dynamic performance. The 
data include descriptions and illustrations of the layout o f each truck design; location o f 
major components and connections between components and vertical, lateral and 
longitudinal load paths.

• Assem ble engineering data on the carbody and truck-carbody interface linkages and 
connections likely to influence dynamic performance for each o f the selected major and 
distinctive truck designs. A s with truck data, the data is accompanied by illustrations and 
descriptions o f the layout of mechanical components and the load paths between truck and 
carbody.

• Provide population statistics for railroad passenger car and truck designs in use in the United 
States, and truck-related maintenance history and typical usage scenarios for the selected 
major and distinctive truck designs. The usage information includes details of the kinds of 
rail service in which the trucks are used, maximum speeds, and track conditions likely to be 
encountered by the trucks and cars on the main line and in yards.

1-3



1.4 CONTENTS OF THE REPORT

The principal chapters o f the report and the Appendices cover the follow ing subjects:

Chapter 2 provides a detailed discussion of the generic functions o f a passenger car truck, and 
descriptions o f the different mechanical truck arrangements that have been developed to perform  
the functions. The descriptions include both the different arrangements of the w idely used basic 
four-wheel truck, and trucks with added or uncommon features such as single-axle trucks, 
carbody tilt systems or independently rotating wheels.

Chapter 3 introduces a system o f classifying railroad passenger car trucks, and provides 
summary descriptions of trucks currently in use or under consideration for use in the United 
States (other than trucks specifically developed for high-speed and carbody tilt trains), and 
information on the usage scenarios and maintenance histories o f selected truck designs.

Tw o appendices contain detailed numerical data. Appendix 1 contains detailed truck data for 
selected major and distinctive truck designs, including all available masses, inertias, suspensions 
stiffnesses and damping rates, and truck dimensions. Information on usage scenarios and 
maintenance histories accompany the engineering data for each truck, as well as illustrative 
drawings and schematics. Appendix 2 contains die details o f the population o f railroad 
passenger cars and trucks presently in service or on order in the United States, organized by class 
of truck and by operator.
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2. OVERVIEW OF RAIL PASSENGER CAR TRUCK DESIGN

2.1 INTRODUCTION

2.1.1 Background

This chapter provides a general discussion o f the functions o f a rail passenger vehicle suspension 
system, and describes the different mechanical arrangements that can be used to perform the 
functions. The basic four-wheel truck design applied to the majority o f railroad passenger cars 
are described separately from alternative designs with added features, such as single-axle and 
independent-wheel designs. The designs descriptions include general discussions o f the 
constraints and trade-offs that have to be considered by the truck designer in m aking a selection 
among alternative mechanical arrangements. Finally, descriptions are provided o f different 
passenger car and train configurations which influence truck design selection and truck 
performance. These descriptions particularly address articulated train-sets and the differences 
between single and bi-level cars.

2.1.2 Definitions

In  order to better understand the follow ing discussion, it is helpful to define the principal terms 
used to identify passenger rail vehicle suspension system types and components.

The S u sp en sio n  System  is the entire assembly o f wheels, springs, dampers, load-bearing 
structure, and other components which support the vehicle carbody, and which perform all the 
functions described in Section 2.2.

The m ost com m only used suspension system on passenger rail vehicles is the basic tw o -a xle  
tru ck  (called bogie in European English), with the carbody supported by two trucks. A  typical 
truck is  illustrated in Figure 2.1. The principal parts of a truck are:

• A  W h eelset, consisting of two wheels connected by an axle, and axle journal bearings. 
U sually  wheels are solidly attached to the axle, but independently rotating wheels are used in 
a few designs.

• A  P rim a ry  S u sp en sio n , connecting the wheelset to the truck frame, and providing the 
required stiffness and freedom o f movement in all co-ordinates. In  particular, the primary 
suspension provides sufficient vertical and roll flexibility to reasonably equalize vertical 
wheel-rail loads, and lateral and yaw stiffness to give the desired dynamic stability and 
curving performance.

• A  T ru ck  F ra m e , providing a structural connection between the primary and secondary 
suspension. The truck frame may be a one-piece rigid structure, or m ay incorporate 
articulation joints or flexible structures.
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• A  Brake System , usually consisting o f axle-mounted disk or clasp brakes acting on the wheel 
tread.

• A  Secondary Suspension, connecting the truck frame to the car body, and providing the 
required stiffness and freedom of movement in all co-ordinates. In  particular the secondary 
suspension provides the soft lateral and vertical springing necessary for a comfortable ride, 
and a means for the truck to sw ivel (yaw) relative to the car body

Com m only used designs for the basic four-wheel truck and its major components are described 
in section 2.3 of this chapter.

In  addition, there are a number of passenger car truck and trainset designs with additional 
suspension features. The aim o f the additional features is usually to achieve a better compromise 
between the various conflicting truck design requirements. These designs are usually more 
complex than the basic designs, and thus are typically used where there is a strong need for 
higher performance, such as in high-speed intercity trains. The principal truck and vehicle 
designs having additional features are:

• Articulated Trains, in which the suspension system supports the ends o f two adjacent 
vehicles connected by an articulation joint. Articulation is norm ally used to reduce the 
overall weight of a train of a given seating capacity, and to increase the ratio of car body to 
truck mass for improved dynamic performance.

• Sing le  Axle Trucks, in which the suspension system is placed directly between a single 
wheelset and the car body.

• Independent W heel Wheelsets, where each wheel of the same wheelset rotates independently. 
Independent wheels are used m ainly when a solid axle conflicts with a desired vehicle 
feature such as a low  floor, but also may produce beneficial changes in how the vehicle 
negotiates curves and achieves dynamic stability.

• Body Tilt Suspensions, which incorporate the means for tilting the car body inward in a 
curve, to improve passenger comfort when curving at high cant deficiency. T ilt systems can 
either be passive, relying on a pendulum action, or active with tilting provided by a servo- 
controlled actuator.

• R ad ia l Trucks, which have linkages between the axle journals on the axles o f the two axle 
truck, or between the axle journals and the vehicle body, that either allow  or force the axles 
to assume a more radial attitude in curves. The purpose o f radial truck designs is to reduce 
lateral and longitudinal wheel-rail forces, and thus wear and rolling resistance, without 
com prom ising dynamic stability.

Trucks with these additional suspension features are described in Section 2.4.

It is also helpful to define terms used to describe railroad curves and rail vehicle curving, which
are important in understanding passenger car truck design features and how they affect
performance:
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• C a n t or Su p ereleva tio n  is the inward banking of the track applied in curves to counteract the 
effect o f centrifugal force. The usual measure o f cant is the height of the outer rail over the 
inner rail in millimeters or inches.

• B a la n ce  S p e e d  is that speed on a given curve at which the centrifugal force is exactly 
balanced by the cant, so that the resultant force is perpendicular to the plane o f the rails.

• C a n t D e fic ie n c y  or U n b a la n ce is the difference between the cant required to produce 
balance at a given speed on a given curve and the actual track cant.

2.2. FUNCTIONS OF A RAIL PASSENGER CAR SUSPENSION

2.2.1 Overview

There are three broad functions that a rail passenger car suspension system must perform in order 
to meet the basic requirements o f railroad operation - to permit safe, comfortable and economical 
operation at the desired speed over track of specified geometrical and strength characteristics. 
TTie three broad functions are as follows:

1. Support

• To distribute loads over a sufficient number o f wheelsets, to avoid exceeding acceptable 
static loads on the track.

• To provide paths for transferring support, guidance, propulsion and braking forces from the 
vehicle body to the track.

2. Guidance and Stability

• To ensure that the vehicle is guided along both tangent and curved track without exceeding 
acceptable lateral wheel-rail loads.

• To ensure that the truck or suspension system is dynam ically stable in all respects, and does 
not generate unacceptable loads or load combinations as a result o f an instability.

• To control the movements o f the vehicle relative to fixed structures adjacent to the track, to 
ensure that clearance lim its are not exceeded.

3. Isolation

• To isolate the vehicle body from track irregularities so that ride quality in the body is  o f a 
specified quality.

• To ensure that dynamic loads applied to the track in response to track irregularities remain 
within acceptable limits.

In  all the above functions, acceptable wheel-rail or vehicle-track loads means loads and load 
combinations that do not damage the track, cause excessive wear or deterioration, or pose a risk 
of derailment.
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In  addition to the three basic functions, it is frequently necessary or convenient to mount brake, 
propulsion and other equipment on the suspension system.

The functions and sub-functions are described in more detail in the follow ing sections. The 
descriptions are derived in part from more detailed discussions of truck performance 
requirements and performance analysis methods found in the literature. There is a very 
extensive literature (too vast to be reviewed here) devoted to the mathematical analysis o f truck 
performance (ride quality, curving and stability), to techniques for the experimental 
measurement o f truck performance, and test results for particular truck designs. O f more 
relevance to the matters discussed in this chapter, however, are discussions o f how analytical and 
testing techniques can be applied to truck design and the selection of truck features for a 
particular application. References [7] and [8], are particularly helpful. There are also useful 
sources in the literature which provide data on acceptable performance criteria for different kinds 
o f rail operation, including ride quality, force lim its and force ratio lim its, for example, [9], [10], 
[11], and [12].

2.2.2 Support

2.2.2.1 Load distribution

R a il systems customarily lim it the maximum load on one axle allowed to operate over their 
tracks, to prevent potential damage to track, and to railroad structures such as bridges. The 
suspension design must distribute the static load from the vehicle over sufficient wheelsets not to 
violate these lim its. Load distribution is most often an issue with power cars, which can have 
axleloads near acceptable limits.

2.2.2.2 Load Paths

A  rail vehicle is ultimately supported and guided by the track structure. The suspension system  
must provide paths through its structure and load bearing components, such as springs, so that 
the weight of the vehicle is supported on the track. Vertical, lateral and rotational forces and 
moments are generated as the vehicle negotiates lateral or vertical curves, and these forces also 
must be reacted through the track structure. Important specific cases are the lateral and roll 
forces on the vehicle suspension produced by centrifugal forces when the vehicle travels around 
a curve at above or below balance speed.

Propulsion and braking forces must be transmitted through appropriate longitudinal suspension 
connections between the car body and suspension components to the track structure, usually 
through the wheel-rail contact point. Some more innovative braking and propulsion systems use 
alternative paths for transmitting braking and propulsion forces, such as directly from magnetic 
or eddy-current brake co ils to the ra il, or between the vehicle and track-mounted linear motor 
components.
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2.2.3 Guidance and Stability

2.2.3.1 Overview

Guidance and stability performance must be such that safe wheel to rail force levels and 
combinations of forces (such as maximum lateral to vertical forces ratios) must not be exceeded. 
In  addition, passenger rail operators may wish to place more restrictive force lim its to control the 
rate of track degradation, and thus maintenance effort.

Com m only used lim its are:

• Maxim um  acceptable values of the lateral to vertical (L /V ) force ratios at individual wheels

• Maxim um  acceptable ratio o f the total o f lateral and vertical forces applied by the entire 
truck to the track structure

• Maxim um  vertical impact loading at any wheel when passing over a defined track 
irregularity

• M inim um  value o f the vertical load at any wheel

These lim its must be observed under all operating conditions - maximum speed, all conditions of 
curvature and cant deficiency, and applicable all track geometry conditions, including low  class 
track in yards and sidings.

Acceptable wheel to rail force levels can be obtained only if  adequate dynamic stability, and 
guidance and curving performance are achieved. These two performance requirements are 
discussed in more detail below.

2.2.3.2 Guidance

A  vehicle must be able to negotiate all tangent and curved track on the system over which it w ill 
operate at all permitted speeds without exceeding acceptable lateral wheel forces or force 
combinations. M ost difficulties in meeting this requirement arise during curving. There are 
three matters to be considered when a rail passenger vehicle with two two-axle trucks negotiates 
a curve:

• The need for the wheelsets in each truck to align themselves radially on a curve, and adjust 
to the greater distance travelled by the outer wheels

• The transfer of unbalanced centrifugal forces to the track

• The yaw o f the truck relative to the vehicle body

W hile negotiating a curve, wheelsets align themselves approximately radially, with individual 
axles in the truck yaw ing relative to the truck frame, as shown in Figure 2.2a. The yaw  of 
wheelsets against the restraint o f the primary yaw suspension creates longitudinal and lateral 
forces at the wheel-rail interface. Lateral forces from unbalanced centrifugal forces, and the yaw  
torque exerted on the truck frame through the truck to carbody yaw  restraint (Figure 2.2b) are
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superimposed on the wheelset yaw forces. In  response, the truck attains an internal balance 
where the lateral and longitudinal forces on each wheelset and the truck frame are in equilibrium. 
Curving performance is satisfactory only when wheel-rail interface forces are within acceptable 
lim its, as described in section 2.1 above. Generally, a soft primary yaw suspension reduces 
curving forces, but tends to degrade stability, as described in section 2.2.3.3 below.

In  order to minimize rail and wheel wear in curves, it is desirable to reduce curving forces to the 
lowest level possible while still maintaining the necessary stability performance. G iven the 
fundamental limitation on the curving and stability performance of a conventional 4-wheel truck, 
a number o f innovative steering suspension systems have been developed or proposed. Such 
systems incorporate linkages between the wheelsets and between the truck and car body which 
permit or force wheels to assume a near-radial position on a curve, reducing curving forces 
without degrading stability performance. Single axle trucks, and independent wheel suspensions 
(lacking a rigid axle) also have been used to achieve improved curving performance while 
maintaining stability. Generally the innovative steering systems are used on high performance 
passenger cars where the additional cost and complexity can be justified. Particular mechanical 
arrangements are described later in this chapter.

Finally, a simpler but still important curving requirement is that the truck or suspension design 
must be able to negotiate a specified tightest curve without mechanical contact between carbody 
and truck structures or components. It  is also important to ensure that cables and hoses between 
the truck and body can accommodate these maximum movements without damage. A  m inimum  
curve radius o f 73 m (240 f t ) is typical of U.S. operating conditions. A  m inimum radius reverse 
curve (for example a crossover) may also be specified, and can be a particularly critical design 
requirement for articulated train designs with single axle trucks, as illustrated in Figure 2.2c.

2.2.3.3 Stability

A  conventional rail vehicle wheelset with a rigid axle and tapered or profiled wheel treads 
(Figure 2.3a) w ill automatically tend to center itself on the rails m inim izing flange contact on 
both straight and curved tracks. The effectiveness o f this centering action is  a function o f 
primary yaw suspension stiffnesses, the mass and inertia o f the wheelset and track frame, speed, 
and other factors. Desirably, the centering action shall be w ell damped, so that the wheelset or 
truck returns quickly to a centered position when displaced (Figures 2.3b and 2.3c). However, as 
speed increases, the centering action usually becomes less damped, and dynamic instability can 
be encountered. Under unstable conditions, the truck w ill oscillate laterally and yaw, constrained 
only by flange/rail contact, and suspension displacement lim its (Figure 2.3d). The m inimum  
speed at which instability occurs is known as the critical speed. The instability can be very 
violent, leading to rapid wear, damage to vehicle and track components, and derailment. 
Therefore, it follow s that rail vehicles must be designed to be stable and well damped at all 
speeds in the operating range, and with all combinations o f wheel tread and rail head geometry 
likely to be encountered in service, in order to ensure that wheel-rail forces and force ratios 
remain within acceptable limits.

It  is customary to carry out computer analyses o f rail vehicle dynamics at the design stage to 
ensure that stability requirements have been met. Generally, increasing lateral and yaw stiffness 
between the wheel-set and the truck frame, increasing yaw  damping between the truck and 
vehicle body, and reducing the mass and yaw inertia o f the wheelset and truck frame relative to 
the carbody tend to increase critical speed.
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Figure 2.3 Dynamic Stability
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The requirements for a high critical speed are generally opposite to those for good curving 
performance (as described in section 2.2.32). Therefore, die truck designer is usually forced to 
compromise curving performance to achieve stability. Radial or steering truck designs, as 
described in section 2.4, use linkages and mechanisms to overcome the performance limits 
imposed by the stability/curving compromise in the basic two-axle truck design.

Because low wheelset and truck mass and inertia are important in stability performance, it 
follows that it is most difficult to achieve the necessary stability in powered truck designs that 
have to carry traction motors or power transmission equipment on die truck frame and axles. In 
very high speed train designs, complex mechanical arrangements are used to decouple, to the 
degree possible, the mass of electric traction motors and mechanical transmission components 
(gearboxes, couplings, drive shafts) from the truck frame and wheelset to achieve a high critical 
speed.

2.2.3.4 Controlling Vehicle Movements on Suspension

All rail systems use cross-sectional clearance diagrams giving the maximum envelope within 
which the vehicle cross-section must fit at all times, including with maximum deflections of the 
suspension system in vertical, lateral, yaw roll and pitch within the limits of bump stops. Lateral 
displacement of the center and ends of the vehicle in curves must also be taken into account in 
calculating the maximum movements. If any part of the vehicle violates the allowable clearance 
diagram, there is a risk of it hitting wayside structures such as tunnels, bridges and station 
platforms, or the power rail in third-rail electrified territory.

A second suspension function on some railroad networks is to maintain floor height adjacent to 
doors and entryways level with the platform to facilitate passenger loading and unloading. High 
platforms, at the floor height of a single level passenger car, are widely used at commuter and 
intercity rail stations in the Northeast Corridor between Washington and Boston, but are little 
elsewhere in the U.S. Such platforms allow passage in and out of the car without stepping up or 
down. Limits may be specified for the maximum difference between floor and platform height 
under all passenger load conditions. Air spring secondary suspensions with automatic levelling 
system are commonly used to meet this requirement.

Use of high platforms and matching of floor and platform heights has become more important 
with the passage of the Americans with Disabilities Act (ADA), requiring that at least one car in 
each train is accessible to the disabled. High platforms are one way of meeting the requirements 
of the act.

2.2.4 Isolation

The third major function of a passenger car suspension system is to control the effects of track 
geometry variations on dynamic loads on the track structure and the ride quality in the car body. 
These functions are discussed below, together with wheel-rail load equalization. Equalization is 
concerned with keeping the quasi-static vertical load variations within acceptable limits as a car 
negotiates twisted or warped track.
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2.2.4.1 Dynamic Track Loads

Dynamic vertical and lateral loads on the track result from the response of the passenger car to 
track geometry variations. The magnitudes of dynamic loads depend on suspension stiffnesses 
and car and truck component masses. Unsprung mass, usually the mass of the wheelset and its 
attachments, primary vertical stiffness, and the mass of the truck frame are among the important 
factors affecting dynamic loading. Generally the higher the masses and stiffnesses, the higher 
the dynamic loads. Loads also generally increase with speed, and are affected by harmonic 
resonance between periodic geometry inputs and suspension natural frequencies. Dynamic load 
limits are usually specified by passenger car purchasers, and cars are tested to demonstrate 
compliance. The load limits are those loads and load combinations known to be safe, and to not 
cause excessive degradation of the track. Control of dynamic loads is also a reason why higher 
class track with tighter geometrical tolerances is required for higher speed operation.

2.2.4.2 Equalization

Equalization is the ability of the rail vehicle to maintain vertical wheel load variations within 
acceptable limits on all wheels while negotiating warped or twisted track. Acceptable 
equalization performance, defined as not reducing load on any one wheel below a specified 
minimum, must be achieved between the wheelsets of a truck and between the trucks (of any i 
design) applied to a single vehicle or an articulated trainset. The minimum load is that which in 
combination with estimated lateral load and wheel-rail contact conditions has an acceptably low 
risk of derailment or damaging the track. A demanding condition is passage through a sharp 
curve (where lateral wheel-rail forces are high), on low quality track with large warp geometry 
variations.

Because twist or warp track irregularities tend to be of relatively short wavelength (less than one 
rail length) and vehicle secondary vertical and roll suspensions are soft, equalization* between 
trucks is rarely a problem. Truck primary vertical suspensions, however, can be relatively stiff, 
and the major truck design concern is to achieve satisfactory wheel load equalization between the 
wheelsets of the basic two-axle truck. A variety of truck arrangement are used to achieve 
satisfactory equalization, including articulated truck frames, equalizer beams to reduce truck 
primary pitch stiffness, and soft primary vertical suspensions. These arrangements are described 
in section 2.3.2.

2.2.4.2 Isolation of the Vehicle Body from Track Irregularities

A passenger-carrying rail vehicle is expected to provide a defined ride quality in the passenger 
seating areas. The ride quality required depends on the kind of rail service: a higher quality is 
required of a car used in long-distance inter-city service than one used for short commuter trips. 
Ride quality can be specified in a number of ways, typically including acceptable mean or peak 
accelerations over the frequency ranges of interest. The variation in human sensitivity to 
vibration at different frequencies is reflected in the specified vibration levels or vibration 
weighting function. Figure 2.4 is taken from the widely-used ISO ride quality standard ISO 
2631/1 (1985)[Reference 11]. Ride quality targets should be attained through the operating 
speed range of the vehicle and over the prevailing track quality on the lines over which the 
vehicle will be operated.

2-11



Ac
ce

le
ra

ti
on

 az
 (

r.
m

.s
.)

, 
m

/s
2

Figure 2 .4  R ide Q uality Standards: ISO 2631 R ed uced  P roficiency  
B oundaries for Vertical A cceleration s on  Standing or S ea ted  P erson

[Source: Reference 11]



Achieving acceptable ride quality on a passenger vehicle usually requires soft vertical and lateral 
secondary suspensions, with rigid body natural frequencies ranging from 1.5 Hz down to below 1 
Hz, plus suitable damping. Since a directly connected damper in parallel with the secondary 
spring degrades suspension performance at higher input frequencies (exceeding twice the natural 
frequency), it is very desirable to place a spring in series with the damper to prevent undesirable 
high frequency vibration transmission to the body. Such a spring, usually in the form of a rubber 
bush, also serves to reduce noise transmission through the suspension system.

Another ride quality requirement is to maintain steady state lateral and longitudinal accelerations 
within acceptable limits, together with rates of change of lateral and longitudinal acceleration 
(sometimes called jerk). Typical maximum values of steady state lateral or longitudinal 
acceleration for rail vehicles are of the order of 0.1 g, the most that can be conveniently sustained 
by standing and walking passengers [Reference 10]. This requirement particularly places limits 
on the maximum cant deficiency (deficiency of superelevation) that is permissible when 
negotiating a curve. The combined effects of centrifugal acceleration and the outward lean of a 
vehicle on its suspension mean that maximum allowable cant deficiency is in the range 100 to 
150 mm (4-6 inches). The ride quality limit on curving speed is typically encountered before the 
wheel-rail force safety limits. Thus, active or passive pendular body tilt systems have been 
developed to maintain ride quality while allowing higher curving speeds. Tilt systems have been 
described in detail in Reference [6].

In general, ride quality requirements which typically limit the maximum stiffness of the 
secondary suspension, conflict with the requirement to limit vehicle movement on its suspension 
to avoid violating clearances. Bump-stops to limit suspension movement in each direction 
(lateral, vertical) are required, and frequent bump stop contact degrades ride quality. One way of 
improving ride quality is to restrict the cross-sectional size of the vehicle, thus permitting a 
suspension system to be softer, with greater suspension travel to bump stops.

Active suspension systems can be used to improve ride quality without accepting larger vehicle 
movement on its suspension. In an active suspension, a servo-controlled system replaces or 
supplements passive suspension components such as springs and dampers. An active system can 
be capable of improving on the ride quality provided by passive suspension components within a 
given permitted maximum suspension travel.

To date, use of active suspension systems in rail vehicles has been restricted to active tilt 
systems, to enable vehicles to negotiate a curve at high cant deficiency without exceeding 
permissible steady-state lateral acceleration criteria in the carbody. However, active suspensions 
are beginning to be used in highway vehicles, and the technology may be applicable to passenger 
rail vehicles to improve ride quality on lower quality track, thus reducing the overall cost of 
providing service

2.2.5 Suspension Mounted Equipment

Almost all passenger rail vehicle trucks or suspension systems have to accommodate a brake 
system, and a traction motor and/or gearbox on powered axles. It is also a common requirement 
to attach other equipment to the trucks or suspension systems such as a third-rail contact shoe for 
power collection, a grounding brush (to provide a return path from the vehicle to the wheel and 
track for electric power, and to ensure that the vehicle is properly grounded), and antennae or 
pick-ups for signal and train control commands.
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Brakes, traction systems, and other equipment are described in more detail below.

2.2.5.1 Brakes

Most types of passenger car brake systems apply a braking torque to the wheelset, producing a 
longitudinal braking force at the wheel-rail interface. The braking torque can be produced by a 
single brake shoe acting on the wheel tread (Figure 2.5a), a clasp-type brake having two shoes 
acting on each wheel (Figure 2.5b), or a disk brake mounted on the axle (Figure 2.5c). An 
alternative form of the disk brake has the discs mounted on the web of the wheel. Usually two 
disks per axle are used, but high speed trains, operating at over 200 km/h (124 mph), may need 3 
or 4 disks on an axle. Brakes are usually operated by a pneumatic actuator mounted on the truck 
or carbody

The impact of braking systems on suspension system design is three-fold.

• Space has to be found within the suspension or truck design for the brake mechanism

• The brake actuators and linkages are normally, at least in part, on the truck frame or wheelset

• Braking induced forces or torques in suspension components such as springs should be 
tolerable, and in particular should still leave adequate suspension travel for proper operation. 
Braking arrangements that produce excessive suspension forces, or which have the effect of 
creating an undesired alternative load path for suspension forces must be avoided.

In high speed trains, and also on some types of transit car, brakes acting on the wheel or wheel- 
set may be supplemented by brakes that act directly on the rail. Two types of brake are used - 
eddy current brakes in which electrical windings have to be positioned just above the rail, and 
magnetic track brakes which clamp onto the rail when energized. In both cases, the brake unit 
has to be supported on the truck frame or an equivalent part of the suspension structure just 
above the rail, as shown in Figure 2.5d.

On electrically driven passenger and power cars, braking can be provided by operating the 
electric motors as generators. The energy can be dissipated in resistor banks (dynamic braking) 
or returned to the power supply system on an electrified railroad (regenerative braking).

2.2.5.2 Traction Equipment

All powered rail vehicles presently in service are driven through the wheels. A wide variety of 
mechanical arrangements are used, depending on power levels, operating speeds, and other 
factors. The overall objective of the designer of a powered truck or suspension system is to have 
the simplest traction system possible, while observing limits on wheelset and truck frame mass 
and inertia that derive from stability and isolation requirements.
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The majority of rail passenger car and locomotive power trucks are electrically powered, with 
the motor armature shaft parallel to and adjacent to the axle, driving the wheelset through a 
gearbox (Figure 2.6a). The motor and gearbox can be supported in several ways, depending on 
the motor weight and the speed of operation.

• Axle-hung motor, with the motor/gear box assembly is partially supported on the axle and 
partly on the truck frame (Figure 2.6b). This arrangement is very simple, needing no flexible 
couplings, but part of the motor mass is added to the wheelset vertically, and all the motor 
mass is coupled to the wheelset in lateral and yaw, increasing effective wheelset mass and 
yaw inertia. This arrangement is unsuitable for high speed, but is widely used for slower 
speed operation such as on diesel-electric freight locomotives.

• Truck frame supported motor with flexible coupling between motor and gearbox or gearbox 
and axle (Figure 2.6c). In this arrangement, all of the motor mass is supported on the truck 
frame, and only part or all of the gearbox and coupling assembly is supported on the axle. 
This arrangement is widely used on multiple unit (MU) trains and power cars designed for 
speeds between 125 and 200 km/h (79-125 mph).

• C ar body mounted motors, with the motor in the same location as with a truck-frame 
mounted motor but with motor mass largely supported on the car body. The flexible 
couplings have to be able to accommodate large car body to truck movements. This 
complex and costly arrangement is used only on the power cars of very high speed trains, 
designed for 250 km/h (155 mph) and above, such as the German ICG train.

• Direct drive from  the vehicle body using a longitudinal drive shaft and a truck frame or axle 
mounted right-angle gearbox (Figure 2.7). This arrangement is used in diesel- or turbine- 
mechanical direct-drive rail cars, and with body-mounted electric motors, most notably in 
the Italian Pendelino tilt train. The diesel engines, turbines, or electric motors, are typically 
mounted under the floor of the car body, inboard of the trucks. The only drives of this type 
currently used in the United States are on the Rohr and ANF French-design turbo-trains, 
currently providing Amtrak service between New York and Albany, NY.

2.2.5.3 Miscellaneous Equipment

In general, there are rarely significant difficulties in accommodating the miscellaneous 
equipment on the suspension, provided the designer takes requirements into account at an early 
stage in the design. Typical types of equipment that may be installed on a truck includes the 
following:

• Grounding brush to provide an electrical connection between the axle and the vehicle. The 
grounding brush is typically mounted in the axle journal-bearing cover, and bears on the end 
of the axle.

• A speed sensor for braking and other train control functions. The speed sensor is also 
typically mounted on the axle journal bearing, but in the future may be supplemented by 
doppler radar-based systems.
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2.6a Parallel-axis Motor Position in Truck

Truck Frame

Figure 2.6 Traction Motor Arrangem ents
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Figure 2.7 Transm ission  Shaft Drive Through Right-Angle  Gearbox
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• Antennae or pick-ups for track-to-train communication systems. These units are sometimes 
required to be mounted on a truck frame so as to maintain the desired spatial relationship 
with track-mounted or wayside equipment

• Third-rail pick-up shoe. The allowable movements of the pick-up shoe relative to the third 
rail are usually very limited. Therefore, the pick-up shoes need to be mounted directly on an 
unsprung component of the truck. Usual practice is to mount the shoes on a beam of 
insulating material attached at each end to the journal boxes.

2.3 CONVENTIONAL 2-AXLE TRUCK DESIGNS

2.3.1 Introduction

This section describes the major designs of basic two-axle powered or unpowered trucks, applied 
to all single or bilevel passenger cars presently operating in the United States. Truck and 
suspension designs having alternative or specialized features (tilting, steering, articulated 
trainsets, and single axle and independent wheel systems) are described in Section 2.4, 
concentrating on differences from the basic 2-axle truck. Separate descriptions are provided for 
truck primary and secondary suspension arrangements.

The primary suspension is situated between the wheelset and the truck frame. The primary 
suspension strongly influences wheel-rail forces (stability, curving, equalization), and provides a 
path between the truck frame and the wheelset for support, guidance, traction and braking forces.

The secondary suspension is situated between the truck frame and the car body. The secondary 
suspension strongly influences the ride quality in the car body, and the vehicle movements on the 
suspension relative to wayside structures, and provides a path between the car body and the truck 
frame for support, guidance, braking and traction forces,

2.3.2 Primary Suspension Configurations

There are three basic primary suspension configurations:

• Articulated frame
• Rigid frame equalizer beam
• Rigid frame journal spring

All three primary suspension configurations can be applied to trucks having either inboard or 
outboard axle journal bearings. The axle journal bearings which connect the axle to the truck 
frame are outboard bearings if they are situated outside the wheels, as illustrated in Figure 2.8a, 
and inboard bearings if they are between the wheels, as illustrated in Figure 2.8b. Thus, the truck 
frame of an outboard bearing truck will typically have a longitudinal structural member situated 
above the bearings outboard of the wheels, whereas in an inboard bearing truck, this member is 
situated between the wheels. Inboard journals result in a lighter truck frame (because of a shorter 
transverse truck frame member), a lower primary roll stiffness and better equalization 
performance, but provide less space within the frame to accommodate brake and traction motor 
equipment. Outboard journal trucks are heavier because of the longer center cross-member 
(usually called a transom), but are stiffer in roll and provide more space for brake and traction 
motor equipment.
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Fig. 2.8a Outboard Bearing Truck Fig. 2.8b Inboard Bearing Truck

Figure 2.8 Journal -  Bearing Arrangem ents
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The principal characteristic of the articulated frame truck is the ability of one sideframe to pitch 
relative to the other with a comparatively low relative pitching (twisting) stiffness. Flexible 
articulated frame trucks meet equalization design requirements using this side frame relative 
pitching capability. Only one type of flexible or articulated frame truck is currently used in 
railroad operation in the United States is that having a central articulation pivot (Figure 2.9a).

Other types used in transit applications or elsewhere in the world are:

• Independent sideframes with two diagonally-opposite ball-joints in the transverse transom 
(Figure 2.9b).

• One-piece truck frames with a flexible transverse member (transom), to accommodate 
relative pitch of the sideframes (Figure 2.9c). The transom must be sufficiently stiff in 
longitudinal shear and bending to prevent undesirable "parallelograming" of the truck frame, 
at the same time as allowing relative pitch of the sideframes.

Since equalization is provided by frame flexing or articulation, this truck type does not need soft 
suspension between the truck frame and journal box. Usual practice is to enclose the bearing in a 
rubber bush providing a relatively stiff wheelset-to-frame yaw and lateral suspension for 
stability.

The advantage of the articulated truck frame is that equalization is very good, and the 
complication of four axle journal vertical suspension units is avoided. The disadvantages are 
that the truck frame is nearly completely unsprung vertically, leading to relatively high vertical 
dynamic loads on the track, and that the articulation pivot can be complex and subject to wear.

2.3.2.1 Flexible or Articulated Frame Truck

2.3.2.2 Equalizer Beam Truck

In the equalizer-beam truck, the journal boxes are free to move vertically in pedestal guides on 
the truck frame. The ends of the equalizer beam rest on the journal boxes, and the truck frame is 
supported on the equalizer beam on springs situated inboard of the journal boxes (Figure 2.10). 
The relative roll stiffness between the axles of the truck, and thus equalization performance, is a 
function of the longitudinal and lateral primary spring spacing. As spacing reduces, relative roll 
stiffness between axles reduces, and better wheel load equalization on twisted track is achieved. 
The lateral spacing of primary vertical springs depends directly on whether inboard and outboard 
journal bearings are used, as described in the introduction to section 2.3.2.

The advantages of equalizer beam trucks are that good equalization can be achieved even with a 
relatively stiff vertical primary suspension. The disadvantages are that the equalizer beam adds 
unsprung mass, and the pedestal guides normally used with the equalizer beam arrangement have 
sliding, wearing surfaces, and do not provide the closely controlled primary longitudinal and 
lateral stiffness desirable in a high-speed truck.

2-21



2.9b Pivots in Transoms (Rockwell)
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Figure 2.9 Flexible or Articulated Truck Frames
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Figure 2.10 Equalizer Beam Primary Suspension
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In the rigid frame, journal spring truck design, vertical, lateral and longitudinal springs directly 
connect the journal box to the truck frame. This arrangement is the most common in current 
international truck design practice, and a large number of variants exist. Journal spring trucks 
have been less used in the U.S., principally because passenger cars have been operated over track 
with relatively poor geometry, on which good wheel-load equalization is important. With 
otherwise similar features, the equalization performance of journal spring trucks is inferior to the 
equalizer beam and articulated frame trucks. Another factor is the North American practice of 
using staggered joints in bolted-joint rail, which can produce large twist track geometry 
variations. Parallel rail joints used in Europe and Japan do not produce such twist variations, 
lessening the importance of equalization in truck design.

In all journal spring truck variants, equalization is provided by the primary vertical springs 
situated above or alongside the journal box. Thus, the journal spring truck has to have 
correspondingly softer vertical springs than the equalizer beam truck to achieve the same 
equalization performance. The advantages of the journal spring arrangements are that it provides 
a low unsprung mass, and good control of all primary suspension parameters is possible. The 
variants most commonly used are:

• Coil Spring and Pedestal (Figure 2.1 la). In this arrangement, the journal box is constrained 
to move vertically in pedestal guides attached to the truck frame. The spring is situated 
between the journal box and the truck frame. This design has the same disadvantages as the 
pedestal guide used in the equalizer beam design, in that it has sliding, wearing surfaces and 
primary lateral and longitudinal stiffness cannot be closely controlled. A vertical hydraulic 
damper can be used alongside the spring, and some damping is provided in any case by the 
friction between the pedestal guide and the journal box.

• Rubber Chevron (Figure 2.1 lb). In this arrangement, vertical, longitudinal and lateral 
journal box to frame suspension is provided by a rubber/steel sandwich spring. Stiffness 
variation in the three coordinates is obtained by adjusting the angles of the spring elements 
relative to the main truck axes, and the number and dimensions of rubber blocks between the 
steel leaves. The rubber chevron design provides closely controlled stiffness in all three 
axes, but because of the relatively low strength of rubber, they tend to be bulky in 
comparison to designs using steel springs, especially if a low vertical stiffness is desired for 
good equalization.

• Rolling Rubber Ring (Figure 2.1 lc). This is another rubber spring design, in which a rolling 
rubber ring is trapped between tapered cylindrical guidepost and pedestal elements. The 
vertical stiffness is provided by progressive squeezing of the ring as the suspension is 
compressed. Usually two units are used, situated at either side of the journal box. Lateral 
and longitudinal primary stiffnesses are a function of the thickness and diameter of the 
rubber ring, and cannot be varied independently. Like the chevron spring, the rolling ring 
spring tends to be bulky in comparison with steel spring designs.

2.3.2.3 Rigid Frame Journal Spring Trucks
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Fig. 2.11e Leaf Spring Guides
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Fig. 2.11 f Guidepost

Figure 2.11 Primary Suspension and Journal Bearing Arrangements
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• Radius Arm Suspension (Figure 2. lid). In this arrangement, the journal bearing is situated 
at the end of a radius arm pivoted to the truck frame, and the spring (usually a coil spring, 
although a rubber spring can also be used) is situated above the journal box, between the 
journal box and the truck frame. Longitudinal and lateral stiffness is controlled by a rubber 
bush at the trailing arm pivot This arrangement is widely used in Europe, including for high 
speed trains such as the TGV, but has not been much used in the U.S. Relatively high 
longitudinal and yaw primary stiffnesses are a usual characteristic, providing good high 
speed stability but reducing curving performance.

• Leaf Spring Guides (Figure 2.1 le). In this arrangement, the journal box is located by a pair 
of leaf springs attached to the journal box at one end, and to the truck frame at the other end. 
The primary vertical spring (usually steel coil), is situated above the journal box, or a pair of 
springs are situated either side of the journal box. Leaf spring suspensions are sometimes 
called Minden-Deutz or MD suspensions, because of the origin of this design in the Minden 
Technical Center of German Federal Railways (DB).

The longitudinal and lateral suspension is provided by rubber blocks at the ends of the 
leaves. However, it is difficult to provide much flexibility in this way, and leaf spring 
suspensions are typically very stiff laterally and longitudinally.

• Guidepost Suspension (Figure 2.1 If). In this arrangement, the journal box is equipped with 
a pair of hollow guides, which slide on vertical guideposts mounted in the truck frame. The 
hollow guides can incorporate rubber bushes which provide primary lateral and longitudinal 
suspension, and vertical springing is provided by a coil spring Outside the guidepost The 
guides can be oil lubricated, or a dry bearing material can be used. This arrangement is 
much used in Switzerland, where the design originated.

2.3.3 Secondary Suspension Configurations

There are four broad secondary suspension configurations commonly used on 2-axle trucks, 
distinguished by the truck pivot location and arrangement, the degrees of freedom of the 
secondary vertical springs, and the type of secondary vertical spring used. The principal 
different configurations are:

• Traditional swing hanger, center pivot truck with single-function (vertical only) secondary 
springs, as illustrated in Figure 2.12a

• Upper yaw pivot arrangement, with dual function (lateral/vertical) secondary springs, as 
illustrated in Figure 2.12b

• Lower yaw pivot arrangement, with dual function (lateral/vertical) secondary springs, as 
illustrated in Figure 2.13a

• Pivotless, bolsterless arrangement with triple function (lateral, vertical, yaw) secondary 
springs, as illustrated in Figure 2.13b

Different types of secondary springs (coil or air springs) and dampers can be used in any of the 
four configurations.
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Carbody Truck Bolster

Springs Plank

Fig. 2.12a Swing-Hanger, Center Pivot

Figure 2.12 Secondary Suspension Arrangements
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Secondary Springs Carbody Bolster

Fig. 2.13b Pivotless, Bolsterless Arrangement

Figure 2.13 Secondary Suspension Arrangements
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2.3.3.1 Traditional Swing-Hanger, Center Pivot Truck (Figure 2.12a)

In this arrangement, the car body is supported on a center pivot and a transverse bolster. The 
bolster is attached longitudinally and in yaw to the truck frame by two laterally-spaced traction 
links. The bolster rests on secondary springs which in turn rest on a transverse spring-plank 
suspended from the truck frame on swing-hangers. The lateral suspension is provided by lateral 
deflection of the swing-hangers. Lateral stiffness is dependent on hanger length, with a lower 
stiffness being provided by longer hangers. The swing hanger may be vertical, or slightly 
inclined. Inclination outward from the truck frame to the swing plank tends to tilt the car body in 
the opposite direction to the lateral movement of the swing hanger, and offsets the tendency of a 
car body to roll outward on the secondary springs when operating in a curve with cant 
deficiency. This truck arrangement was almost universal on cars built in North America and 
Europe prior to the late 1960s, but has been little used since.

2.3.3.2 Upper Yaw Pivot Arrangement (Figure 2.12b)

This arrangement is similar to the traditional arrangement described in Section 2.3.3.1 above, but 
the swinghangers are omitted, and lateral suspension is provided by lateral shear of the 
secondary vertical springs, and further controlled by lateral bump stops to increase stiffness as 
the limit of allowable lateral movement is approached. The bolster is tied longitudinally and in 
yaw to the truck frame by longitudinal links.

2.3.3.3 Lower Yaw Pivot Arrangement (Figure 2.13a)

This arrangement reverses the secondary spring/pivot sequence of the upper yaw pivot 
arrangement. The car body rests directly on the secondary springs which in turn rest on a 
transverse bolster. The bolster rests on a center pivot on die truck frame, and is tied to the car 
body longitudinally and in yaw by longitudinal links. The benefit of the lower yaw pivot 
arrangement over the upper yaw pivot is that the secondary springs are higher relative to the car 
body center of gravity, reducing outward roll when curving with cant deficiency. Also 
geometrical clearances are often such that the lateral spacing of the springs can be increased with 
the higher location. This arrangement has been widely used on trucks placed in service in the 
U.S. since about 1970.

2.3.3.4 Pivotless, Bolsterless Arrangement (Figure 2.13b)

In this arrangement, the car body is supported on springs which are mounted directly on the truck 
sideframe without the use of a bolster. Without the bolster to transmit longitudinal loads and to 
provide the yaw pivot, the bolsterless truck achieves carbody to truck pivoting by shearing the 
secondary springs, and longitudinal loads are carried by a separate longitudinal connection. This 
connection can be a simple longitudinal link, a rubber/steel sandwich element which is stiff 
longitudinally but soft laterally and vertically, or a "Watts" linkage (Figure 2.14a). This truck 
design is widely used in Europe, but has had very limited application in the U.S.
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Fig. 2.14a Watts Linkage for Longitudinal Restraint

Fig. 2.14b Bellows Air Spring Fig. 2.14c Rolling Diaphragm Air Spring
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2.3.3.5 Secondary Springs

Either steel coil or air springs are used in combination with any of the four secondary suspension 
configurations. When mechanical coil springs are used, they are generally combined with 
elastomeric pads to minimize the mechanical vibration transmitted through the steel springs or 
generated by spring surge. Mechanical and elastomeric springs sometimes are combined to 
generate non-linear spring rates to reduce the displacement under load, while maintaining the 
resonant frequency nearly fixed.

Air springs are divided into two basic types: the bellows type spring and the rolling diaphragm 
type spring (Figures 2.14b and 2.14c). The bellows type springs have significant increases in the 
effective area under compression, and soft lateral spring rates. The rolling diaphragm type 
spring can provide a variety of positive or negative effective area changes with compression 
depending upon the design of the pedestal upon which the springs roll. The lateral spring rate is 
a function of the spring diameter and the shape of the diaphragm, the cover and the pedestal. 
Stiffness of all air spring variants is also a function of the air volume in the spring - the greater 
the volume the lower the stiffness. Air reservoirs, sometimes using the interior of the truck 
frame or bolster structure, are connected to the air spring interior to increase the effective volume 
inside the spring and reduce air spring stiffness.

Since air springs are subject to failure in service, provision must be made for the vehicle to ; 
operate safely with the springs deflated. The customary method is to use a rubber/steel sandwich 
spring situated inside or below the air spring to provide an emergency suspension. The vehicle 
must be able to operate safely on the emergency spring at maximum speed, but ride quality may 
be degraded.

When air springs are used, the floor height of the car body is controlled by levelling valves 
which admit compressed air to the springs when floor height is too low and release air when the 
floor is too high. Thus, constant floor height is maintained regardless of the load carried by the 
car. Levelling valves also have a small dead band [about 5 mm (0.2 in)] either side of the set 
level, to prevent excessive air due to constant admission and release of air with normal 
suspension movements.

There are three arrangements of levelling valve in use, having 2,3, or 4 valves on a car. With 
two levelling valves, one valve controls the height of both air springs on each truck. With this 
arrangement, the two springs on a truck are controlled to have die same air pressure. The static 
roll stiffness derives only from the change of cross-section area of the air spring with vertical 
compression, and depends on the air spring design used. This means that with the two levelling 
valve arrangement, a car will roll on the secondary springs when subject to a static roll load, such 
as when there is a lateral unbalance of passenger load or when traversing a long curve with cant 
deficiency. Dynamic air spring stiffness is unaffected, as the air pipe between the springs is 
usually too small to transfer significant air volumes under dynamic conditions.

In a three leveling valve arrangement, one truck has a single levelling valve and the other truck 
has a valve at each air spring. On the truck with two valves, an air pressure differential can be 
maintained between the two air springs to react any lateral load imbalance and keep the car 
upright (i.e. with the floor parallel to the plane of the rails). Such lateral load imbalance, 
including that from cant deficiency in curves, is reacted only by the truck with two levelling 
valves. The two air springs on the "two-valve" truck are connected by an air line containing a 
crossover or relief valve, which allows air to pass if the pressure differential exceeds a preset
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g rea ter  than  a n y  d if fe r e n tia l l ik e ly  to  o c c u r  in  n o rm a l s e r v ic e . T h e  fu n c t io n  o f  th is  v a lv e  i s  to  
e n su r e  that b o th  air sp r in g s  d e f la te  i f  th ere  i s  a  fa ilu r e  o f  o n e  a ir  b a g  o r  le v e l l in g  v a lv e , th u s  
p r e v e n tin g  th e  d a n g e r o u s  c o n d it io n  o f  h a v in g  an  in f la te d  an d  a  d e f la te d  a ir  b a g  o n  th e  sa m e  
tru ck . T h e  th r e e -v a lv e  a rra n g em en t i s  w id e ly  u se d  o n  a ir  sp r in g  c a r s  in  th e  U .S .

W ith  fo u r  le v e l l in g  v a lv e s ,  b o th  tru ck s  h a v e  th e  t w o -v a lv e  a r ra n g em en t a s  d e sc r ib e d  fo r  th e  
th r e e -v a lv e  arra n gem en t. T h is  s y s te m  h a s  th e  a d v a n ta g e  th a t s ta t ic  r o l l  im b a la n c e s  are  sh a red  b y  
b o th  tru ck s in s te a d  o f  b e in g  rea c te d  b y  o n e  tru ck , a s  in  th e  th r e e -v a lv e  a rra n g em en t. T h e  
d isa d v a n ta g e  o f  th e  fo u r -v a lv e  a r ra n g em en t i s  th a t v a lv e  h e ig h t  s e t t in g s  fo r  a ir  a d m is s io n  an d  
r e le a s e  h a v e  to  b e  c a r e fu lly  a d ju sted  to  p r e v e n t  a  s itu a tio n  w h e r e  a ir  i s  a d m itte d  to  d ia g o n a lly  
o p p o s ite  sp r in g s  to  c o r r e c t  an  a p p a r en t b u t n o n -e x is te n t  s ta tic  r o l l  d e f le c t io n . T h is  s itu a tio n  
r e d u c e s  th e  s ta tic  lo a d  o n  d ia g o n a lly  o p p o s ite  s id e s  o f  th e  tw o  tru c k s , a n d  i s  p o te n tia lly  
d a n g e ro u s .

W h e r e  th e  r o ll s t i f fn e s s  o f  th e  s e c o n d a r y  s u s p e n s io n  i s  to o  lo w  fo r  a d e q u a te  s ta b ility  u n d er  r o ll  
a n d  c u r v in g  fo r c e s , an  a n ti-r o ll b a r  c a n  b e  in s ta lle d  in  p a r a lle l w ith  th e  s e c o n d a r y  s u s p e n s io n .  
T y p ic a l ly ,  th e  a n ti-ro ll b ar s y s te m  c o n s is t s  o f  a  to r s io n  bar a tta ch ed  to  th e  b o ls te r  o r  ca r  b o d y  
w ith  b ea r in g s  a t e a c h  e n d  (F ig u r e  2 .1 4 d ) .  A tta c h e d  to  th e  r o ll  b ar are  h o r iz o n ta l le v e r s  w ith  
jo in te d  lin k s  to  th e  c a r  b o d y  o r  b o ls te r  r e s p e c t iv e ly . W h e n  a  r o ll m o t io n  o c c u r s  b e tw e e n  th e  
b o ls te r  an d  th e  car  b o d y , th e  h o r iz o n ta l le v e r s  are  ro ta ted  in  o p p o s ite  d ir e c t io n s . T h is  m o t io n  i s  
r e s is te d  b y  th e  to r s io n  bar, p r o v id in g  in c r e a se d  r o ll s t i f fn e s s . U n d e r  v e r t ic a l m o t io n s , th e  
h o r iz o n ta l le v e r s  ro ta te  in  th e  s a m e  d ir e c t io n , r o ta tin g  th e  to r s io n  bar w ith in  i t s  b e a r in g s  an d  
a p p ly in g  n o  fo r c e  a c r o ss  th e  s e c o n d a r y  s u s p e n s io n .

2.3.3.6 Secondary Vertical and Lateral Dampers

T h e  u s e  o f  h y d ra u lic  d a m p ers  o r  s h o c k  a b so rb ers  to  a c h ie v e  c o r r e c t  la tera l an d  v e r t ic a l d a m p in g  
i s  a lm o s t  u n iv e r sa l in  m o d e m  tru ck  d e s ig n s . T h e  v e r t ic a l d a m p e r s  are  c o n n e c te d  in  p a r a lle l to  
th e  se c o n d a r y  sp r in g s , an d  th e  la te r a l d a m p ers  in  p a r a lle l w ith  s w in g  h a n g e r s  o r  th e  s e c o n d a r y  
la tera l sp r in g . R u b b er  e n d  b u s h e s  are  u s e d  to  r e d u c e  th e  tr a n s m is s io n  o f  h ig h e r  fr e q u e n c y  
v ib r a tio n  an d  n o is e  th ro u gh  th e  d a m p e r s .

W h e r e  a ir sp r in g s  are  u se d , i t  i s  p o s s ib le  to  p r o v id e  p artia l v e r t ic a l d a m p in g  b y  res tr ic tin g  a ir  
f lo w  b e tw e e n  th e  a ir sp r in g  i t s e l f  an d  an  a d jo in in g  a ir  r e se r v o ir . T h e  d a m p in g  e f f e c t  i s  p r o d u c e d  
b y  p u m p in g  a ir  th ro u g h  th e  r e s tr ic tin g  o r if ic e .

2.3.3.7 Yaw Restraint

T h e  tru ck  d e s ig n e r  i s  p r e se n te d  w ith  c o n f l ic t in g  req u ir e m e n ts  w ith  reg a rd  to  y a w  restra in t  
b e tw e e n  th e  tru ck  an d  th e  c a r  b o d y . A  s t i f f  y a w  restra in t i s  d e s ir a b le  fo r  g o o d  d y n a m ic  s ta b ility  
a n d  h ig h  c r it ic a l sp e e d , b u t th e  tru ck  h a s  to  b e  a b le  to  s w iv e l  to  n e g o t ia te  c u r v e s . T h e  tru ck  
p iv o t ,  w h e r e  u se d , i s  u s u a lly  l in e d  w ith  a  b e a r in g  m a ter ia l th a t  n e e d s  a  c o n s id e r a b le  a p p lie d  y a w  
to r q u e  to  b e c o m e  "unstuck" a n d  m o v e . W h ile  th e  p iv o t  i s  "stuck" th e  tru ck  h a s  a  s t i f f  y a w  
restra in t v ia  lo n g itu d in a l tra c tio n  r o d s  p o s it io n e d  in  s e r ie s  to  th e  y a w  p iv o t . R u b b er  b u s h e s  in  th e  
tra c tio n  rod  e n d s , an d  th e  b r a c k e ts  to  w h ic h  th e  tra ctio n  r o d s  a re  a tta ch ed , p r o v id e  th e  y a w  
restra in t a t lo a d s  b e lo w  th e  p iv o t  b r e a k -o u t fo r c e .
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B o ls te r le s s  tru ck s w ith o u t  a  c e n te r -p iv o t  to  p r o v id e  y a w  restra in t are n e a r ly  fr e e ly -p iv o t in g , w ith  
restra in t o n ly  p r o v id e d  b y  th e  lo w  lo n g itu d in a l sh ear  s t i f fn e s s  o f  th e  s e c o n d a r y  sp r in g s . T h is  
s t i f fn e s s  is  far  to o  lo w  to  h a v e  a  s ig n if ic a n t  e f fe c t  o n  tru ck  s ta b ility . F o r  lo w  o r  m o d e r a te  sp e e d  
o p e r a tio n , su c h  a s  a  c o m m u te r  train , s ta b ility  m a y  b e  a tta in a b le  w ith o u t  a d d it io n a l y a w  restra in t, 
an d  o n ly  c a r e fu l a d ju stm e n t o f  p r im ary  la tera l and  lo n g itu d in a l s u s p e n s io n  s t i f f n e s s  i s  n e e d e d . 
H o w e v e r , at h ig h  sp e e d , a d d it io n a l se c o n d a r y  y a w  restra in t i s  e s s e n t ia l ,  an d  h y d r a u lic  se c o n d a r y  
y a w  d a m p ers  are c o m m o n ly  u se d  o n  b o ls te r le s s  trucks.

2.4 TRUCK AND CAR DESIGNS WITH SPECIALIZED FEATURES

T h is  s e c t io n  p r o v id e s  d e sc r ip tio n s  o f  truck  and  ca r  d e s ig n s  h a v in g  s p e c ia l iz e d  fe a tu r e s , o th er  
th a n  th o s e  fo u n d  in  th e  b a s ic  tw o  a x le  tru ck  a p p lied  to  a  c o n v e n t io n a l s in g le  le v e l  p a s se n g e r  car . 
W ith  th e  e x c e p t io n  o f  b i- le v e l  c a r b o d y  d e s ig n s , a p p lic a tio n  o f  c a rs  a n d  tru ck s w ith  th e s e  fe a tu r e s  
in  th e  U .S .  h a s  b e e n  c o n f in e d  to  te s t  and  d em o n stra tio n  s e r v ic e .

2.4.1 Bi level Carbodv Designs

B i le v e l  c a r b o d y  d e s ig n s  are  f in d in g  in c r e a s in g  u s e  in  th e  U .S . an d  e ls e w h e r e . B i l e v e l  d e s ig n s  are  
e c o n o m ic a l ly  a ttr a c tiv e  fo r  p a sse n g e r  ra il s e r v ic e  op erators: th e  s p a c e  a v a ila b le  fo r  p a sse n g e r  « 
a c c o m m o d a t io n  i s  in c r e a se d  w ith  a  le ss-th a n -p r o p o r tio n a l in c r e a s e  in  c o s t ,  train  w e ig h t ,  an d  train  
le n g th , th u s  lo w e r in g  c a p ita l an d  o p era tin g  c o s t  p er  p a sse n g e r . T h e  p r in c ip a l b arrier  to  u s in g  
b i le v e l  c a rs  h a s  b e e n  restr ic ted  h e ig h t  c le a r a n c e s  o n  s o m e  r o u tes . H o w e v e r , in  r e c e n t  y e a r s , 
in n o v a t iv e  ca r  d e s ig n s , c le a r a n c e  im p r o v in g  e ffo r ts  o n  s o m e  r o u te s , a n d  a  r e d u c tio n  in  th e  s p a c e  
o c c u p ie d  b y  p o w e r  an d  a u x ilia r y  s y s te m s  o n  cars h a v e  a ll w id e n e d  th e  s c o p e  fo r  a p p lic a tio n  o f  
b i le v e l  ca rs . It i s  l ik e ly  th a t a  m a jo r ity  o f  cars p u rch ased  in  fu tu re  y e a r s  w i l l  b e  o f  b i le v e l  d e s ig n .

T h e  s ig n i f ic a n c e  o f  b i le v e l  ca rs  fo r  tru ck  d e s ig n  i s  that tru ck s h a v e  to  carry  th e  g rea ter  w e ig h t  o f  
th e  b i le v e l  b o d y , w h ic h  i s  ty p ic a lly  o f  th e  ord er o f  50%  h e a v e r  th a n  a  s in g le  l e v e l  b o d y , an d  th e  
c a r b o d y  c e n te r  o f  g r a v ity  c a n  b e  h ig h e r , p o te n tia lly  im p o s in g  h ig h e r  r o l l  m o m e n ts  o n  th e  
s u s p e n s io n . P a rticu la r  ca r e  in  ca r  d e s ig n  h a s to  b e  tak en  to  e n su r e  th a t r o ll d e f le c t io n s  o f  a  
b i le v e l  car , fo r  e x a m p le  w h i le  n e g o t ia t in g  a  c u r v e  w ith  c a n t d e f ic ie n c y , are  n o t  e x c e s s iv e  an d  d o  
n o t  v io la te  c le a r a n c e s  or  c o m fo r t  cr iter ia .

T h e r e  are  th ree  c o m m o n  b i le v e l  c a r b o d y  la y o u ts  u sed  in  th e  U .S . ,  a s  il lu s tr a te d  in  F ig u r e  2 .1 5 .  
T h e  f ir s t  la y o u t , w ith  d o o r s  an d  e n tra n ce  v e s t ib u le s  a t th e  e n d s  o f  th e  ca r , an d  at th e  s a m e  f lo o r  
h e ig h t  a s  a  s in g le  l e v e l  ca rs , i s  s h o w n  in  F ig u re  2 .1 5 a . T h e  b i le v e l  p o r tio n  i s  s itu a te d  b e tw e e n  
th e  tru ck s. T h is  la y o u t  i s  w e l l  su ite d  to  c o m m u te r  op era tio n s: i t  c a n  b e  c o u p le d  s in g le  l e v e l  c a rs  
an d  u se d  w ith  b o th  h ig h  an d  lo w  p la tfo rm s. W id e , sh ort s ta ir w a y s  to  th e  u p p er  an d  lo w e r  le v e ls  
a l lo w  g o o d  p a s s e n g e r  f lo w  a t s to p s . C ars p u rch ased  in  r e c e n t  y e a r s  fo r  c o m m u te r  s e r v ic e  in  
B o s to n , N e w  Y o r k  (L o n g  I s la n d ) , so u th e rn  F lo r id a , an d  so u th e rn  C a lifo r n ia  h a v e  th is  la y o u t .

F ig u r e  2 .1 5 b  il lu s tr a te s  th e  la y o u t  o f  b i le v e l  lo n g  d is ta n c e  in te r c ity  c a rs  o p er a te d  b y  A m trak .
T h is  la y o u t  h a s  a  fu l l  le n g th  u p p er  le v e l ,  w ith  a c c e s s  to  a d ja c e n t c a r s  b e in g  a t  th e  u p p er  le v e l .  A  
lo w e r  l e v e l  i s  s itu a ted  b e tw e e n  th e  tru ck s, w ith  en tra n ce  d o o r s  a n d  sta ir s  to  th e  u p p e r  le v e l .  
A u x il ia r y  e q u ip m e n t  i s  h o u se d  in  th e  s p a c e s  a b o v e  th e  tru ck s. H a v in g  d o o r s  o n  th e  lo w e r  le v e l  
m e a n s  th a t th is  la y o u t  is  n o t  c o m p a tib le  w ith  h ig h  p la tfo rm s.
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F ig u r e  2 .1 5 c  il lu s tr a te s  th e  c r o s s - s e c t io n  o f  a  g a lle r y  ty p e  b i le v e l  ca r  w h ic h  i s  e x t e n s iv e ly  u se d  
o n  c o m m u te r  s e r v ic e s  in  C h ic a g o . G a lle r y  ca rs h a v e  a  lo w e r  le v e l  w ith  th e  s a m e  f lo o r  h e ig h t  a s  
s in g le  le v e l  cars . T h e  u p p er  le v e l  c o n s is t s  o f  n arrow  g a lle r ie s  o n  e a c h  s id e  o f  th e  ca r  c o n ta in in g  
s in g le  s e a ts  an d  a  w a lk w a y . T h e  s p a c e  b e tw e e n  th e g a lle r ie s  p r o v id e s  h e a d r o o m  fo r  w a lk in g  in  
th e  c e n te r  g a n g w a y  o f  th e  lo w e r  le v e l .

2.4.2 Articulated Trainsets

In  an  a r ticu la ted  tra in se t, th e  e n d s  o f  a d ja c e n t v e h ic le s  in  a  tra in se t are  su p p o rted  o n  a  s in g le  
tru ck . T h e  tru ck  c a n  b e  a n  o th e r w ise  c o n v e n tio n a l tw o -a x le  tru ck , a s  in  th e  F re n c h  T G V  tra in s, 
o r  a  s in g le  a x le  truck , a s  in  th e  S p a n ish  T a lg o  P en d u lar . T h e s e  a p p lic a t io n s  o f  p a s se n g e r  car  
a r tic u la tio n  are  illu s tr a te d  in  F ig u r e  2 .1 6 . O th er  a p p lic a tio n s  o f  a r tic u la tio n  in c lu d e  l ig h t  rail 
tran sit v e h ic le s  an d  s e v e r a l d e s ig n s  o f  in term o d a l fr e ig h t  c a r  u se d  o n  U .S .  ra ilro ad s. A  p r in c ip a l 
a d v a n ta g e  o f  a r ticu la tio n  is  th a t th e  to ta l n u m b er  o f  tru ck s or  s u s p e n s io n  u n its  n e e d e d  in  a  train  
o f  a  g iv e n  s iz e  i s  r e d u c e d , at a  s a v in g  in  w e ig h t  an d  c o s t . A r t ic u la te d  tra in s m a y  a ls o  b e  le s s  
l ik e ly  to  b u c k le  or  o v e r r id e  in  a  c o l l i s io n  d u e  to  th e  g rea ter  restra in t p r o v id e d  b y  th e  a r ticu la tio n  
j o in t  a s  c o m p a r e d  w ith  a  c o n v e n tio n a l c o u p le r . T h e  p rim a ry  d isa d v a n ta g e  o f  a r ticu la ted  tra in se ts  
i s  th at i t  i s  m o r e  d if f ic u lt  to  sep a ra te  a  s in g le  car  from  th e  train  fo r  m a in te n a n c e  o r  in  c a s e  o f  a  
fa ilu r e , p o te n tia lly  in c r e a s in g  m a in te n a n c e  c o s t s  and ca r  d o w n tim e .

T r u ck  d e s ig n s  fo r  a r ticu la ted  tra in s d if fe r  lit t le  from  th o se  fo r  u s e  w ith  in d e p e n d e n t  c a r s . T ru ck  
stru c tu res  m u st  b e  d e s ig n e d  to  su p p o rt th e  w e ig h t  o f  th e  tw o  ca r  b o d ie s  a n d  th e  s e c o n d a r y  
s u s p e n s io n  a tta ch m en ts  to  th e  ca rs m u st  b e  c o m p a tib le  w ith  th e  in te r -c a r  c o n n e c to r  a rra n g em en t  
u se d . O th e r w is e  th e  tru ck  fu n c t io n s  e x a c t ly  a s  a  truck  o n  a  s in g le  car . A  p o te n tia l a d v a n ta g e  o f  
a r tic u la tio n  o n  v e r y  h ig h -sp e e d  tra in s is  th at th e  in cr e a se d  lo a d  su p p o r te d  b y  an  a rticu la ted  tru ck  
in c r e a s e s  th e  ra tio  o f  c a r  m a s s  su p p o rted  to  tru ck  m a ss , m a k in g  it  e a s ie r  to  a tta in  la tera l d y n a m ic  
s ta b ility  a t h ig h  sp e e d . T h is  c o n s id e r a tio n  i s  b e l ie v e d  to  h a v e  b e e n  a  fa c to r  in  th e  o r ig in a l c h o ic e  
o f  a r tic u la tio n  fo r  th e  T G V .

2.4.3 Single Axle Trucks

W ith  a  s in g le  a x le  tru ck , th e  c a r b o d y  i s  d ir e c tly  su p p o rted  o n  a  s in g le  a x le  an d  e a c h  a x le  h a s  an  
in d iv id u a l s u s p e n s io n  s y s te m , a s  s h o w n  in  th e  sk e tc h e s  in  F ig u r e  2 .1 7  T h e  s u s p e n s io n  m a y  b e  
s in g le  s ta g e , o r  h a v e  sep a ra te  p r im ary  an d  se c o n d a r y  e le m e n ts . T h e  p r im a ry  b e n e f i t  o f  s in g le 
a x le  s u s p e n s io n s  i s  th a t th e y  o f fe r  th e  p o te n tia l fo r  w e ig h t  s a v in g  r e la t iv e  to  a  tw o - a x le  truck . A  
n o ta b le  a p p lic a t io n  o f  th e  s in g le  tru ck  to  ra ilroad  p a sse n g e r  c a rs  in  th e  S p a n ish  T a lg o  P en d u la r  
train  il lu s tr a te d  in  F ig u r e  2 .1 6 .  S in g le  a x le  su sp e n s io n s  h a v e  a ls o  b e e n  u s e d  in  s o m e  fr e ig h t  car  
d e s ig n s , an d  in  in n o v a t iv e  tran sit an d  c o m m u te r  car  d e s ig n s  in  E u ro p e .
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Single  Independent Car
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Figure 2.17 Single Axle Suspensions



2.4.4 Independent Wheel Suspensions

In  th e  c o n v e n tio n a l ra ilca r  w h e e ls e t ,  th e  w h e e ls  are s o l id ly  a tta ch ed  to  th e  a x le . A n  a lte r n a tiv e  is  
fo r  e a c h  w h e e l  to  ro ta te  in d e p e n d e n tly  o n  its  o w n  b e a r in g s , an d  to  d is p e n s e  w ith  th e  s o l id  a x le .  
T h e  b e n e fits  o f  d isp e n s in g  w ith  th e  a x le  are  to  fr e e  u p  s p a c e  b e tw e e n  th e  w h e e ls  fo r  o th e r  
e q u ip m e n t or a  lo w  f lo o r  p a s s a g e w a y , a n d  to  r e m o v e  th e  r isk  o f  d y n a m ic  in s ta b ility  d u e  to  th e  
a c t io n  o f  p r o file d  w h e e ls  o n  a  s o l id  a x le . H o w e v e r , r e m o v in g  th e  s o l id  a x le  a ls o  r e m o v e s  th e  
s te e r in g  a c tio n  o f  th e  c o n v e n t io n a l w h e e ls e t ,  th u s  s o m e  su b st itu te  s te e r in g  m e c h a n is m  i s  l ik e ly  to  
b e  req u ired  w ith  a n y  in d e p e n d e n t  w h e e l  su sp e n s io n .

T h e  m o s t  n o ta b le  a p p lic a t io n  o f  in d e p e n d e n t  w h e e ls  to  a  ra ilro ad  p a sse n g e r  e q u ip m e n t  i s  th e  
S p a n ish  T a lg o  P en d u la r . T h e  s u s p e n s io n  d e s ig n  p h ilo s o p h y  fo r  th e  T a lg o  P en d u la r  c o m b in e s  a  
lo w  c e n te r  o f  g r a v ity  fo r  th e  c a r b o d y  w ith  p a s s iv e  t ilt , a r t ic u la tio n  a n d  fo r c e d  s te e r in g  o f  th e  
in d e p e n d e n t-w h e e l su s p e n s io n  u n its , a s  illu s tr a te d  in  F ig u r e  2 .1 8 .  In d e p e n d e n t w h e e l  
su s p e n s io n s  are a lso  u s e d  in  s e v e r a l d e s ig n s  o f  lo w - f lo o r  s tre e tca r  a n d  l ig h t  ra il tra n sit  v e h ic le .

2.4.5 Steering Trucks

2.4.5.1 Passive Steering

P a s s iv e  s te e r in g  i s  a c h ie v e d  b y  in te r c o n n e c tin g  th e  a x le s  o f  a  tru ck  s o  a s  to  a l lo w  r e la t iv e  y a w ,  
m o v e m e n ts  at th e  s a m e  t im e  a s  p r o v id in g  a  h ig h  s t i f f n e s s  a g a in s t  r e la t iv e  sh e a r  o f  th e  a x le s .  T h e  
a c t io n  o f  w h e e l-r a il  fo r c e s  c a u s e s  th e  w h e e ls e t  to  ta k e  u p  a  ra d ia l a ttitu d e  in  c u r v e s . A lte r n a tiv e  
m e c h a n ic a l a rra n g em en ts  to  a c h ie v e  p a s s iv e  s te e r in g  a re  s h o w n  in  F ig u r e  2 .1 9 a . T h e  b e n e f i t s  o f  
p a s s iv e  s te e r in g  are  th at c u r v in g  p e r fo r m a n c e  c a n  b e  im p r o v e d , c o m p a r e d  w ith  that a c h ie v a b le  
w ith  a  s im ila r  tru ck  la c k in g  th e  a x le  in te r c o n n e c t io n s , w ith o u t  d e g r a d in g  d y n a m ic  s ta b ility .  
T ru c k s  that a c h ie v e  im p r o v e d  c u r v in g  p e r fo r m a n c e  b y  c a r e fu l s e le c t io n  o f  p r im a ry  y a w  a n d  
la tera l su s p e n s io n  s t i f f n e s s e s ,  b u t w h ic h  la c k  a x le  in te r c o n n e c t io n s , w o u ld  n o t  b e  te r m e d  a  
s te e r in g  truck  u n d er  th is  d e fin it io n , a lth o u g h  m a n u fa c tu r e r s  w i l l  s o m e t im e s  c a l l  s u c h  tru ck  a  
s te e r in g  or  ra d ia l truck .

O n e  n o v e l  ap p ro a ch  to  p a s s iv e  s te e r in g  i s  u s e d  in  th e  A B B  X 2 0 0 0  t i lt  train . P a s s iv e  s te e r in g  o f  
th e  a x le s  i s  p erm itted  b y  h a v in g  a  s o f t  p r im ary  lo n g itu d in a l su s p e n s io n . T h e n  in s te a d  o f  u s in g  
in te r a x le  c o n n e c t io n s  to  a c h ie v e  th e  req u ired  d y n a m ic  s ta b ility , p r im ary  lo n g itu d in a l d a m p ers  are  
u se d  in  p a ra lle l to  th e  p r im a ry  lo n g itu d in a l sp r in g s .

O th er  than  th e  X 2 0 0 0 ,  p a s s iv e  s te e r in g  h a s  n o t  b e e n  m u c h  u s e d  o n  ra ilro ad  p a s s e n g e r  c a r  tru ck s. 
T h e  w id e s t  a p p lic a t io n  h a s  b e e n  to  th r e e -p ie c e  fr e ig h t  c a r  tru ck s , w h e r e  su b sta n tia l r e d u c tio n s  in  
w h e e l  and  rail w e a r  o n  h e a v ily  c u r v e d  r o u tes  h a v e  b e e n  d e m o n str a te d . In  th e  a p p lic a t io n  to  
th r e e -p ie c e  tru ck s, a x le  in te r c o n n e c tio n  p r e v e n ts  u n d e s ir a b le  'p a ra lle lo g ra m in g ' o f  th e  
in d e p e n d e n t  tru ck  s id e fr a m e s , a s  w e l l  a s  fa c il ita t in g  ra d ia l s te e r in g .
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Figure 2.18 Talgo Suspension System Showing 
Independent Wheels

[ S o u r c e :  R e f e r e n c e  6 ]
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Cross-links Half-frames

Figure 2.19a Alternative Passive Steering Interconnection on a Two-axle Truck

Truck Frame

I
/

Figure 2.19b Forced Steering on a Two-Axle Truck

F i g u r e  2 . 1 9  T r u c k  A x l e  S t e e r i n g  S y s t e m s
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P a s s iv e  s te e r in g  w o r k s  th ro u g h  a l lo w in g  th e lo n g itu d in a l a n d  la tera l c r e e p  fo r c e s  at th e  w h e e l -  
rail in te r fa c e  to m o v e  th e  a x le s  to  an  a p p r o x im a te ly  rad ia l a ttitu d e  in  c u r v e s . F o r c e d  s te e r in g  
u s e s  l in k a g e s  b e tw e e n  th e  c a r  b o d y , tru ck  fra m e  an d  a x le s  to  fo r c e  th e  a x le s  in to  a  rad ia l  
p o s it io n . T h e  y a w  ro ta tio n  o f  th e  c a r b o d y  r e la tiv e  to  th e  tru ck  fr a m e  c a n  b e  u se d  th ro u g h  a  
tru ck -fra m e m o u n te d  m e c h a n ism  to  p ro d u ce  a x le  y a w , a s  illu s tr a te d  in  F ig u r e  2 .1 9 b . A n  
a ltern a tiv e  m e c h a n ic a l a rra n g em en t, u sed  in  th e  S p a n ish  T a lg o  train , i s  to  u s e  a  l in k a g e  to  c a u s e  
th e  a x le  to  b is e c t  th e  a n g le  b e tw e e n  c a r b o d ie s  at th e  a r ticu la tio n  p o in t .

A p a rt fr o m  th e  T a lg o  m e c h a n is m , fo r c e d  s tee r in g  h a s n o t  b e e n  m u c h  u se d  in  ra ilro a d  p a s s e n g e r  
ca rs , a lth o u g h  a p p lic a t io n s  e x i s t  in  o th er  ty p e s  o f  ra il v e h ic le ,  e s p e c ia l ly  in  l ig h t  ra il v e h ic le s  
w h ic h  h a v e  to  n e g o t ia te  v e r y  t ig h t  c u r v e s .

2.4.5.2 Forced Steering

2.4.6 Body Tilt Suspensions

C a r b o d y  tilt  s y s te m s  t i lt  th e  c a rb o d y  la tera lly  in  c u r v e s  to  r e d u c e  or  e lim in a te  th e  la tera l fo r c e  
f e l t  b y  ca r  o c c u p a n ts  w h e n  a  c u r v e  i s  n e g o tia te d  w ith  c a n t  d e f ic ie n c y . T i l t  m e c h a n is m s  are  
u s u a lly  in co r p o r a te d  in to  th e  tru ck , an d  are a  m ajor  fa c to r  in  tru ck  d e s ig n  fo r  t i lt  tra in s. T h e  
p u r p o se  o f  t ilt  i s  to  im p r o v e  p a sse n g e r  c o m fo r t  an d  th u s a l lo w  h ig h e r  s p e e d  c u r v in g  than  w o u ld  
o th e r w ise  b e  p o s s ib le  w ith  g iv e n  p a sse n g e r  c o m fo r t  cr iter ia . T i lt  s y s te m s  d o  n o t  c h a n g e  
s u b sta n tia lly  th e  r isk s  o f  ca r  o v ertu rn in g  or d era ilm en t o n  c u r v e s . E s ta b lish e d  s a fe ty  cr ite r ia  fo r  
la tera l fo r c e s  o n  tra ck  an d  o v er tu rn in g  m o m e n t m u st  s t i l l  b e  o b se r v e d .

C a r b o d y  t i lt  s u s p e n s io n  s y s te m s  w e r e  th e  su b je c t  o f  a  s u r v e y  c o n d u c te d  fo r  th e  F R A  [R e fe r e n c e  
6 ] . T h e r e fo r e , o n ly  v e r y  b r ie f  d e sc r ip tio n s  o f  th e  m a in  ty p e s  o f  t i lt  s y s te m  w i l l  b e  g iv e n , b a se d  
o n  th is  p r e v io u s  rep ort.

2.4.6.1 Passive tilt systems

P a s s iv e  t i lt  s y s te m s  r e ly  o n  th e  p en d u lu m  e f fe c t  p ro v id e d  b y  c e n tr ifu g a l a n d  g r a v ity  f o r c e s  w h e n  
th e  c a r b o d y  r o ll c e n te r  i s  p la c e d  w e l l  a b o v e  th e  ca r ’s  c e n te r  o f  g r a v ity . T h e  c a r b o d y  b e h a v e s  a s  
th o u g h  i t  i s  su s p e n d e d  fr o m  a  lo n g itu d in a l a x is  n ear  th e  to p  o f  th e  car , c a u s in g  i t  to  s w in g  
o u tw a rd  w h e n  n e g o t ia t in g  a  c u r v e  w ith  c a n t  d e f ic ie n c y , a s  s h o w n  in  F ig u r e  2 .2 0 a . P a s s iv e  tilt  
s y s te m s  h a v e  th e  a d v a n ta g e  o f  m e c h a n ic a l s im p lic ity , b u t th e  h ig h  r o ll c e n te r  c a n  m e a n  a  la r g e  
o u tw a rd  m o v e m e n t  o f  th e  c e n te r  o f  g r a v ity , e r o d in g  th e  sa fe ty  m a r g in  a g a in s t  o v er tu r n in g , an d  
la r g e  la tera l m o v e m e n ts  a t f lo o r  l e v e l  w h ic h  m a y  b e  d if f ic u lt  to  a c c o m m o d a te  w ith in  a l lo w a b le  
c le a r a n c e s . A ls o ,  p a s s iv e  p en d u la r  s y s te m s  m a y  n o t  r e sp o n d  a s  q u ic k ly  a s  a c t iv e  s y s t e m s  to  th e  
sp ira l a t th e  e n try  o f  c u r v e s , th u s  su b je c t in g  car o c c u p a n ts  to  a  tr a n sien t la tera l a c c e le r a t io n  an d  
a d v e r s e ly  a f fe c t in g  r id e  c o m fo r t .

T ra in  an d  ca r  d e s ig n s  u s in g  p a s s iv e  t ilt  in c lu d e  th e  T a lg o  P en d u la r , th e  J a p a n e se  S e r ie s  3 8 1  
e le c tr ic  m u lt ip le -u n it  tra in  fo r  s e r v ic e  o n  m e te r -g a u g e  l in e s ,  an d  th e  U n ite d  A ir c r a ft  T u rb o  tra in s  
o p era ted  in  th e  U .S .  a n d  C a n a d a  in  th e  1 9 7 0 s  and  e a r ly  1 9 8 0 s .
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Figure 2.20b Active Tilt, Low Roll Center

Figure 2.20 Carbody Tilt System Arrangements
[ S o u r c e s :  R e f e r e n c e  6 ]
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2.4.6.2 Active tilt systems

In  a c t iv e  t ilt  s y s te m s , b o d y  tilt  i s  p ro d u ced  b y  a  p o w e r e d  a c tu a to r  s itu a te d  b e tw e e n  th e  c a r b o d y  
an d  th e  tru ck  fra m e  in  r e sp o n se  to  c o n tr o l s ig n a ls  p r o v id e d  b y  s e n so r s  in d ic a t in g  th e  p r e se n c e  o f  
a  c u r v e . A  w id e  v a r ie ty  o f  m e c h a n ic a l arran gem en ts o f  a c tu a to rs , s e c o n d a r y  s u s p e n s io n  
e le m e n ts  an d  l in k a g e s  are  u se d  in  d ifferen t t ilt  train  d e s ig n s  to  p r o d u c e  ro ta tio n  a b o u t th e  d e s ir e d  
t i lt  c en ter . L ik e w is e  a  v a r ie ty  o f  s e n so r  ty p e s  an d  lo c a t io n s  an d  s ig n a l  p r o c e s s in g  a lg o r ith m s  c a n  
b e  u se d  to  p r o v id e  o p tim u m  p a sse n g e r  c o m fo r t  o v e r  th e  ra n g e  o f  track  c o n d it io n s  e n c o u n te r e d  in  
s e r v ic e .

T h e  a d v a n ta g e s  o f  a c t iv e  t ilt  are  th e  a b ility  to  t ilt  a b o u t a  p o in t  n ea r  th e  c e n te r  o f  g r a v ity , 
e lim in a t in g  u n d e s ir a b le  o u tw a rd  m o v e m e n t  o f  th e  cen te r  o f  g r a v ity  (a s  s h o w n  in  F ig u r e  2 .2 0 b ) ,  
an d  th e  f le x ib i l i t y  o f  c o n tr o l s tr a te g ie s  to  o p t im iz e  p a sse n g e r  c o m fo r t . T h e  p r im a ry  d isa d v a n ta g e  
o f  a c t iv e  t ilt  i s  i t s  c o m p le x ity , w h ic h  a d d s to ca p ita l an d  m a in te n a n c e  c o s t s  an d  c a n  d etra ct fr o m  
r e lia b ility . M a n y  d if f ic u lt ie s  w e r e  en co u n te r e d  b y  tilt  s y s te m  d e v e lo p e r s  in  e v o lv in g  sa t is fa c to r y  
c o n tr o l s y s te m s , c o m b in in g  r e lia b ility  w ith  a c c e p ta b le  s a fe ty  an d  c o m fo r t  p e r fo r m a n c e .

2-43



3 . S U M M A R Y  D E S C R IP T IO N S  A N D  D A T A  F O R  M A JO R  
A N D  D IST IN C T IV E  T R U C K  D E S IG N S

3 .1  IN T R O D U C T IO N
T h is  ch a p ter  i s  th e  c o r e  o f  th e  rep ort, c o n ta in in g  in fo r m a tio n  o n  th e  p o p u la tio n  o f  d if fe r e n t  truck  
d e s ig n s  in  th e  U .S . ,  an d  in tr o d u c in g  th e  d e sc r ip tio n s  an d  d a ta  fo r  s e le c t e d  tru ck  d e s ig n s . T h e  
ap p ro a ch  u se d  i s  to  p r e se n t su m m a r y  d ata  in  th is  c h a p te r ,w ith  o b se r v a t io n s  o n  th e  p o p u la tio n  an d  
h ig h lig h t in g  s im ila r it ie s  an d  d if fe r e n c e s  b e tw e e n  th e  s e le c te d  d e s ig n s . T h e  f u l l  d ata  i s  p r o v id e d  
in  tw o  A p p e n d ic e s , A p p e n d ix  1 fo r  th e  tru ck  d e sc r ip tio n s  an d  d a ta , an d  A p p e n d ix  2  fo r  th e  
p o p u la tio n  d ata . B o th  th e  tru ck  p o p u la tio n  an d  th e  tru ck  d a ta  a n d  d e sc r ip tio n s  are  r e fe r e n c e d  to  
a  tru ck  c la s s if ic a t io n  s y s te m , d e s c r ib e d  in  S e c t io n  3 .2  b e lo w .

3 .2  C L A S S IF IC A T IO N  O F  T R U C K  D E S IG N S
A  s y s te m  o f  c la s s ify in g  tru ck  d e s ig n s  h a s  b e e n  d e v e lo p e d  fo r  th is  s tu d y , d is t in g u ish in g  b e tw e e n  
tru ck  d e s ig n  fea tu res  th at m a y  e f f e c t  tru ck  p e r fo r m a n c e  in  th e  w id e s t  s e n s e . T r u c k s  h a v in g  a  
g iv e n  c la s s if ic a t io n  u n d er  th e  s y s te m  m a y  b e  rega rd ed  a s  b e in g  d is t in c t iv e , in  th a t th e y  h a v e  a  
u n iq u e  arra n gem en t o f  r ig id  stru ctu ra l c o m p o n e n ts  an d  c o n n e c t in g  e le m e n ts  ( su c h  a s  sp r in g s ,  
d a m p e r s , an d  c o n n e c t in g  ro d s)  th a t c o n tr o l th e  k in e m a tic  r e la t io n sh ip  b e tw e e n  th e  stru ctu ral 
c o m p o n e n ts .

T h e  primary division in  th e  c la s s if ic a t io n  s y s te m  i s  b y  tru ck  fr a m e  ty p e  an d  e q u a liz a t io n  m e th o d , 
in d ic a te d  b y  th e  n u m b er  n 2  in  th e  c o d e  b e lo w . T h e  secondary division, in d ic a te d  b y  th e  n u m b er  
n 3  in  th e  c o d e , in d ic a te s  v a r ia n ts  w ith in  a  s p e c if ic  tru ck  fr a m e  ty p e  a n d /o r  d if fe r e n t  se c o n d a r y  
su s p e n s io n  arra n gem en ts . O th er  tru ck  c h a r a c te r is tic s  su c h  a s  u s e  o f  in b o a rd  o r  o u tb o a rd  jo u r n a l  
b e a r in g s , w h e th e r  o n e  o r  m o r e  a x le s  o f  th e  tru ck  are  p o w e r e d  o r  n o t , an d  w h e th e r  th e  tru ck  is  
f it te d  w ith  a  b o d y  tilt  s y s te m  or  w h e e ls e t  s te e r in g , are  in d ic a te d  b y  a d d e d  le tters .

T h e  b a s ic  c la s s if ic a t io n  c o d e  is  a s  f o l lo w s :

n l  n 2  n 3  a l - P n4 S „5 T ^ W

w h e r e :

n l  th e  n u m b er  1 in  th is  lo c a t io n  in d ic a te s  a  3 - a x le  tru ck . N o  n u m b e r  i s  sh o w n  
in  th is  lo c a t io n  fo r  1 a n d  2 - a x le  tru ck s , a n d  tr u c k -fr a m e  ty p e  c la s s if ic a t io n s  
fo r  3 - a x le  tru ck s are  th e  s a m e  a s  fo r  2 - a x le  tru ck s.

n 2  i s  a  n u m b er  b e tw e e n  0  a n d  9  id e n t ify in g  th e  p r im a ry  c la s s if ic a t io n  o f  tru ck  
fra m e  ty p e  an d  e q u a liz a t io n  m e th o d .

n 3  i s  a  n u m b er  b e tw e e n  0  a n d  9  in d ic a tin g  v a r ia n ts  o n  th e  p r im a ry
c la s s if ic a t io n , e s p e c ia l ly  d if fe r e n t  s e c o n d a r y  s u s p e n s io n  a rra n g em en ts .

a l  in d ic a te s  w h e th e r  in tern a l ( i)  o r  e x te r n a l (e )  b e a r in g s  (r e la t iv e  to  w h e e l  
lo c a t io n  o n  th e  a x le )  a re  u se d . Jou rn a l b ea r in g  lo c a t io n  d o e s  n o t  a f fe c t  th e  
k in e m a tic  r e la t io n sh ip s  b e tw e e n  m a jo r  tru ck  c o m p o n e n ts ,  b u t c a n  
s ig n if ic a n t ly  a f fe c t  th e  n u m e r ic a l v a lu e s  o f  s u s p e n s io n  p a ra m eters .

P  In d ic a te s  th at th e  tru ck  i s  p o w e r e d . T h e  n u m b er  o f  p o w e r e d  a x le s  i s  
in d ic a te d  b y  th e  s u f f ix  n 4 .
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S in d ic a te s  th e  p r e se n c e  o f  a x le  s te e r in g . In d iv id u a l s te e r in g  
a rra n g em en ts  are  in d ic a te d  b y  th e  s u ff ix  n5:

--  S i  P a s s iv e  in te r a x le  s tee r in g  u s in g  l in k a g e s  o r  o th er  m e a n s  
— S 2 F o r c e d  s te e r in g  u s in g  truck  to b o d y  lin k a g e

T  in d ic a te s  th e  p r e se n c e  o f  a car  b o d y  tilt  s y s te m . In d iv id u a l tilt  
s y s te m  a r ra n g em en ts  are in d ica ted  b y  th e  s u ff ix  n 6 .

--  T i  P a s s iv e  p en d u lar  tilt  
--  T 2 A c t iv e  s e r v o  c o n tr o lle d  tilt

W  in d ic a te s  th e  p r e se n c e  o f  in d e p e n d e n t w h e e ls .

T a b le  3 .1  l is t s  th e  p r im a ry  an d  se c o n d a r y  c la s s if ic a t io n s  c h o s e n  to  r e p r e se n t  a l l  tru ck  d e s ig n s  
cu rr e n tly  in  o p e r a tio n  o n  ra ilro ad  p a sse n g e r  ca rs in  the U . S .,  an d  a ll  d e s ig n s  th at are  u n d er  
c o n s id e r a tio n  fo r  a p p lic a t io n  in  th e  U .S .  N o te  that a ll tru ck  a r ra n g em en ts  th a t h a v e  b e e n  u s e d  o n  
o r  p r o p o se d  fo r  h e a v y  rail m a ss  tran sit or l ig h t  ra il a p p lic a t io n s  are  n o t  n e c e s s a r i ly  c o v e r e d  b y  
th e  c la s s if ic a t io n .

T h e  p r im a ry  an d  se c o n d a r y  d e s ig n  c la s s if ic a t io n s  are fu rth er  d e sc r ib e d  in  th e  f o l lo w in g  
p aragrap h s an d  il lu s tr a tio n s . ^

Type 00 s in g le  a x le  tru ck s h a v e  in d iv id u a l su sp e n s io n  s y s te m s  b e tw e e n  e a c h  a x le  an d  th e  
c a r b o d y . S in g le  a x le  tru ck s are  u se d  o n  tw o -a x le  cars, an d  in  a r ticu la ted  a rra n g em en ts . 
H is to r ic a lly , s in g le  a x le  tru ck s h a v e  b e e n  lit t le  u se d  in  th e  U .S . o n  ra ilro ad  p a s s e n g e r  ca r s , th e  
o n ly  r e c e n t  a p p lic a t io n  w a s  th e  U n ite d  A ircra ft C o m p a n y  T u rb otra in  th a t o p e r a te d  in  th e  
N o r th e a s t  C o rrid or  a n d  in  C a n a d a  in  th e  1 9 7 0 s  and  e a r ly  1 9 8 0 s . T h e  T u rb otra in  c o m b in e d  s in g le  
a x le  tru ck s w ith  a r tic u la tio n , fo r c e d  s te e r in g  and  p a s s iv e  tilt. M o r e  r e c e n tly , th ere  h a s  b e e n  
in te r e s t  in  a p p ly in g  th e  S p a n ish  T a lg o  P en d u lar  train  d e s ig n  to  s e le c t e d  in te r c ity  co rr id o rs, w h ic h  
a ls o  c o m b in e s  s in g le  a x le  tru ck s w ith  articu la tion , p a s s iv e  t i lt  an d  fo r c e d  s te e r in g , an d  a s  w e l l  a s  
h a v in g  in d e p e n d e n t  w h e e ls .  T h e  Type 01 tru ck  in  th e  c la s s if ic a t io n  s c h e m e  rep r e se n ts  th e  T a lg o  
P en d u la r  an d  s im ila r  tru ck  d e s ig n s .

S in g le  a x le  tru ck s  h a v e  r e c e n tly  a p p lied  to  in n o v a tiv e  m a s s  tra n sit  v e h ic le s  in  E u ro p e , s u c h  as  
th e  P aris M etro  B o a  tra in s, an d  C o p e n h a g e n  c o m m u te r  (S -B a n e )  tra in s b u ilt  b y  L in k e  H o ffm a n n  
B u s c h .

Type 10 tru ck s h a v e  in d e p e n d e n t  s id e fr a m e s , o f  th e  ty p e  u se d  fo r  a ll N o r th  A m e r ic a n  fr e ig h t  
c a r s , an d  s o m e t im e s  o n  b a g g a g e  ca rs in  p a sse n g e r  train s. T h e  T y p e  11 tru ck  in  th e  c la s s if ic a t io n  
rep r e se n ts  th e  th r e e -p ie c e  fr e ig h t  car  truck , h a v in g  a v e r y  s t i f f  o r  r ig id  p r im a ry  s u s p e n s io n , a  
b o ls te r  r e s t in g  o n  se c o n d a r y  c o i l  o r  le a f  sp r in g s , an d  th e  ca r  b o d y  r e s t in g  o n  th e  b o ls te r  c e n te r  
p iv o t  an d  s id e b e a r in g s .

Type 20  tru ck s h a v e  a r ticu la ted  tru ck  fra m es that a l lo w  r e la t iv e  p itc h  b e tw e e n  th e  s id e fr a m e s  to  
a c h ie v e  w h e e l  lo a d  e q u a liz a t io n  o n  tw is te d  track . F ig u r e s  3 .1 a  an d  3 .1 b  illu s tr a te  tw o  
a r ra n g em en ts  o f  ty p e  2 0  tru ck s  in c lu d e d  in  th e  c la s s if ic a t io n .

•  Type 21 tru ck s h a v e  a  c o m b in a tio n  tru ck -fra m e a r ticu la tio n  b a ll j o in t  an d  tru ck  fra m e  to  
b o ls te r  c e n te r  p iv o t , a s  s h o w n  in  F ig u re  3 .1 a . T h is  a rra n g em en t i s  u s e d  o n  th e  B u d d  P io n e e r  
tru ck  d e s ig n , a p p lie d  to  m a n y  in terc ity  ca rs , an d  in  p o w e r e d  fo r m  to  s o m e  c o m m u te r  cars. 
T h is  d e s ig n  h a s  a ls o  b e e n  u se d  in  m a ss  tran sit a p p lic a t io n s .
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Table 3.1 Principal Truck Design Classifications

P r im a r y
C la s s i f i c a t io n

S e c o n d a r y  
In d iv id u a l  

T r u c k  T y p e s
D e s c r ip t io n E x a m p le C la s s i f i c a t io n  o f  

E x a m p le  T r u c k

0 0 S in g le  A x le  T ru ck 0 1 N o  p rim ary  su sp e n s io n  
B o ls te r le s s  se c o n d a r y  s u sp e n s io n

S p a n ish  T a lg o 0 1 - S 2T ,W

10 In d ep e n d e n t S id e 11 3 -p ie c e  fr e ig h t  truck S o m e  A m tra k  b a g g a g e l i e
F ra m es ca rs

2 0 A rtic u la te d  F ram e 21 S in g le  c e n te r  a r ticu la tion B u d d  P io n e e r  III 2 1 i  or 21 i-P 2
2 2 B a ll  jo in t  in  e a c h  tran som F ia t P e n d e lin o 2 2 e -P 2T 2

3 0 R ig id  F ram e, 31 S w in g h a n g e r /sp r in g p la n k /b o ls te r T ra d itio n a l G S I  truck 3 1 e
E q u a liz e r  B e a m 3 2 Y a w  p iv o t  b e lo w  se c o n d a r y G S I G 7 0  se r ie s 3 2 i or  3 2 i-P 2
P rim ary su sp e n s io n

4 0 R ig id  F ram e, 41 S w in g h a n g e r /sp r in g p la n k /b o ls te r M D 7 6  (S u p er lin er  I) 4 1 e
Journal S p r in g 4 2 Y a w  p iv o t  b e lo w  se c o n d a r y N ip p o n  S h a ry o  N T 3 1 9 4 2 e
P rim ary

4 3
su sp e n s io n
B o ls te r le s s C o m e n g /T o k y o  C ar 4 3 e
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F ig u r e  3 .1  a
Type 21: Articulated frame with center ball joint and truck pivot
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F ig u r e  3 .1 b
Type 22: Articulated frame with ball joints in transoms and no bolster

Figure 3.1 Schematics of Truck Types 21 and 22
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• Type 22 truck s h a v e  a  b a ll j o in t  in  e a c h  o f  tw o  tra n so m s (F ig u r e  3 .1 b ) ,  a l lo w in g  r e la tiv e  
truck  fra m e p itch  a b o u t a  d ia g o n a l a x is . T h is  a rra n g em en t i s  u se d  o n  th e  F ia t  E T R  4 5 0  se r ie s  
o f  tilt  b o d y  tra in s fo r  I ta lia n  S ta te  R a ilw a y s , an d  a ls o  o n  a  h e a v y  ra il m a s s  tran sit truck  
m an u fa ctu red  b y  R o c k w e l l ,  an d  u se d  in  S a n  F r a n c isc o  (B A R T )  an d  W a sh in g to n  D C  
(W M A T A ). N o te  th at su b se q u e n t  s e r ie s  o f  F ia t  t ilt  tru ck s, in c lu d in g  th e  c a n d id a te  fo r  
A m tra k  h ig h  sp e e d  tra in s fo r  N o r th e a s t  C o rrid or  s e r v ic e  m a y  h a v e  a  d if fe r e n t  tru ck  fra m e  
arran gem en t. T y p e  2 2  tru ck s m a y  b e  b o ls te r le s s , a s  s h o w n  in  F ig u r e  3 .1 b , or  h a v e  a  b o ls te r  
su p p o rtin g  th e  b o d y  th ro u gh  a  c e n te r  p iv o t  (th e  R o c k w e l l  a r r a n g em en t)  or  th ro u g h  th e  tilt  
m e c h a n ism  (th e  F ia t  a rra n g em en t)

Type 30 tru ck s h a v e  a  r ig id  tru ck  fr a m e  su p p o rted  o n  p r im a ry  v e r t ic a l sp r in g s  s itu a te d  in b o a rd  o f  
th e  w h e e ls e ts . T h e  lo w e r  e n d s  o f  th e  sp r in g s  r e s t  o n  an  e q u a liz e r  b e a m  w h ic h  in  turn  i s  su p p o rted  
o n  th e  a x le  jo u r n a l b ea r in g s . T h e  e q u a liz e r  b e a m  e f f e c t iv e ly  r e d u c e s  th e  p itc h  an d  w arp  
s t i f fn e s s e s  o f  th e  p r im a ry  s u s p e n s io n . T h e  g o o d  e q u a liz a t io n  h a s  m a d e  ty p e  3 0  tru ck s d ie  m o s t  
w id e ly  u se d  in  th e  U .S . T w o  s ig n if ic a n t  v a r ia tio n s  o f  th e  ty p e  3 0  are  d e sc r ib e d  b e lo w :

• Type 31, sh o w n  in  F ig u r e  3 .2 a , h a s  a  s e c o n d a r y  s u s p e n s io n  c o m p r is in g  sw in g h a n g e r s  fo r  
la tera l f le x ib i l i ty  su p p o rtin g  a  sp r in g  p la n k , w h ic h  in  turn  su p p o r ts  th e  se c o n d a r y  v e r t ic a l  
sp r in g s . A  tra n sv erse  b o ls te r  r e s ts  o n  th e  sp r in g s  an d  su p p o r ts  th e  c a r b o d y  th ro u g h  a  c e n te r  
p iv o t . T h e  T y p e  3 1  w a s  a lm o s t  u n iv e r sa lly  u se d  in  th e  U .S .  p r io r  to  a b o u t 1 9 7 0 .

•  Type 32, sh o w n  in  F ig u r e  3 .2 b , r e v e r se s  th e  s e q u e n c e  o f  c o m p o n e n ts  in  th e  T y p e  3 1  an d  
e lim in a te s  th e  sw in g h a n g e r s  a n d  sp r in g  p la n k , s o  th at th e  c a r b o d y  r e s ts  o n  th e  b o ls te r  
th ro u gh  se c o n d a r y  v e r t ic a l sp r in g s , an d  th e  b o ls te r  r e s ts  o n  th e  tru ck  fr a m e  th ro u g h  a  c e n te r  
p iv o t . T h e  T y p e  3 2  i s  th e  m o s t  w id e ly  u se d  a rra n g em en t in  th e  U .S . ,  w ith  n u m b er  o f  
v a r ia n ts  (p o w e r e d  an d  u n p o w e r e d , in s id e  an d  e x te r n a l b e a r in g s ) .

Type 40  tru ck s are ch a r a c te r iz e d  b y  h a v in g  th e  p r im a ry  v e r t ic a l s u s p e n s io n  d ir e c d y  a b o v e  or  
a d ja c e n t to  th e  a x le  b ea r in g  jo u r n a l b o x . C o m p a red  w ith  T y p e  3 0  tru ck s , T y p e  4 0  tru ck s  ten d  to  
h a v e  s t iffe r  p r im ary  p itc h  and  w a rp  s t i f f n e s s e s .  T y p e  4 0  tru ck s  are  v e r y  w id e ly  u se d  in  E u r o p e  
an d  Jap an , an d  are th e  p r in c ip a l a rra n g em en t o f  im p o r te d  tru ck  d e s ig n  in  u s e  or  p r o p o se d  fo r  u s e  
in  th e  U .S . T h ere  are th ree  d is t in c t  a rra n g em en ts  o f  T y p e  4 0  tru ck , a s  d e sc r ib e d  b e lo w  an d  
illu s tr a te d  in  F ig u re  3 .3 .

•  Type 41 tru ck s, sh o w n  in  F ig u r e  3 .3 a , h a v e  th e  s a m e  s e c o n d a r y  s u s p e n s io n  a rra n g em en t a s  
th e  T y p e  3 1 , w ith  sw in g h a n g e r s , sp r in g  p la n k , s e c o n d a r y  v e r t ic a l sp r in g s , b o ls te r , an d  c e n te r  
p iv o t . T h e  o n ly  e x a m p le  o f  a  T y p e  4 1  in  th e  U .S . i s  th e  M D  7 6  tru ck  u se d  o n  A m tr a k ’s  
S u p er lin er  I b i- le v e l  cars . T y p e  4 1  tru ck s w e r e  w id e ly  u s e d  in  E u r o p e  u n til th e  1 9 7 0 s , b u t  
h a v e  s in c e  b e e n  su p e r se d e d  b y  th e  s im p le r  T y p e  4 2  a n d  4 3  tru ck s d e sc r ib e d  b e lo w .

•  Type 42 tru ck s, sh o w n  in  F ig u r e  3 .3 b , h a v e  th e  s a m e  s e c o n d a r y  su s p e n s io n  la y o u t  a s  th e  
T y p e  3 2 , w ith  th e  b o ls te r  r e s t in g  o n  th e  c e n te r  p iv o t  an d  se c o n d a r y  v e r t ic a l sp r in g s  b e tw e e n  
th e  b o lste r  an d  th e  c a r b o d y . S e v e r a l J a p a n ese  tru ck  d e s ig n s  u se d  in  th e  U .S . h a v e  th e  T y p e  
4 2  arran gem en t. •

•  Type 43 tru ck s, s h o w n  in  F ig u r e  3 .3 c ,  h a v e  n o  b o ls te r  o r  c e n te r  p iv o t , an d  th e  c a r b o d y  is  
carr ied  d ir e c tly  o n  sp r in g s  m o u n te d  o n  th e  tru ck  fr a m e . T h e  se c o n d a r y  sp r in g s  h a v e  e n o u g h  
la tera l an d  lo n g itu d in a l f le x ib i l i t y  to  a c c o m m o d a te  tru ck  la te r a l a n d  y a w  m o v e m e n ts . T h e  
o n ly  U .S . a p p lic a tio n  o f  T y p e  4 3  tru ck s i s  o n  s o m e  c o m m u te r  ca rs  o n  th e  L o n g  I s la n d  
R a ilro a d . T h is  tru ck  a r ra n g em en t i s  e x t e n s iv e ly  u se d  in  E u ro p e .
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F ig u r e  3 .2 a

Type 31: Rigid frame truck with equalilzer beam and swinghanger secondary
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Type 32: Rigid frame truck with equalilzer beam and lower yaw pivot

Figure 3.2 Schematics of Truck Types 31 and 32
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T y p e  4 1 :  Rigid frame truck with journal springs and swinghanger secondary
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T y p e  4 2 :  Rigid frame truck with journal springs and lower yaw pivot
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Type 43: Rigid frame truck with journal springs and bolsterless secondary

Figure 3.3 Schematics of Truck Types 41, 42, and 43
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T h e  ty p e s  o f  a x le  s te e r in g  an d  ca r b o d y  tilt  s y s te m s  w h ic h  c o u ld  p o te n tia lly  b e  a p p lie d  to  
p a sse n g e r  ca rs fo r  o p e r a tio n  in  th e  U .S . are n o w  d escr ib ed .

Steering Systems im p r o v e  th e  a b ility  o f  th e  a x le s  o f  a tru ck  to  b e c o m e  a lig n e d  r a d ia lly  w ith  
r e sp e c t  to  a  c u r v e , b e y o n d  th at w h ic h  o c c u r s  a s  a  re su lt  o f  th e  in te r a c tio n  b e tw e e n  w h e e l-to -r a il  
fo r c e s  an d  th e  p r im a ry  y a w  an d  la tera l s u sp e n s io n . T h ere  are  tw o  k in d s  o f  s tee r in g :

•  T y p e  S i  P a s s iv e  in te r -a x le  lin k a g e s  or  o th er  p a s s iv e  s u s p e n s io n  e le m e n ts
p er m ittin g  rad ia l a lig n m e n t o f  a x le s . E x a m p le :  X  2 0 0 0  tra iler  tru ck s.

•  T y p e  S 2 F o r c e d  s te e r in g  u s in g  lin k a g e s  b e tw e e n  a x le s ,  tru ck  fra m e  an d
c a r b o d y  to  fo r c e  th e  w h e e ls  to  ta k e  u p  a  c o r r e c t  y a w  a n g le  r e la t iv e  to  
th e  tru ck  fr a m e  o r  carb o d y . E x a m p les:  S IG  N a v ig a to r  an d  th e  T a lg o  
in te r m e d ia te  a r ticu la tio n  trucks.

Carbody Tilt Systems a l le v ia te  p a sse n g e r  d isc o m fo r t  w h e n  n e g o tia t in g  c u r v e s  w ith  h ig h  c a n t  
d e f ic ie n c y  b y  t ilt in g  th e  c a r b o d y  in w a rd s .

•  T y p e  T i  P a s s iv e  t ilt , w ith  a  se c o n d a r y  su sp e n s io n  o r  t ilt  c e n te r  s itu a te d  w e l l
a b o v e  th e  ca r  b o d y  c e n te r  o f  gra v ity , a l lo w in g  th e  b o d y  to  s w in g  
o u tw a rd s  u n d er  c e n tr ifu g a l fo r c e s . E x a m p le :  T a lg o  P en d u la r .

•  T y p e  T 2 A c t iv e  t ilt , w ith  th e  tilt  m e c h a n ism  ty p ic a lly  s itu a ted  b e tw e e n  a  t ilt in g
b o ls te r  an d  a  b o ls te r  su p p o rted  o n  th e  tru ck  p iv o t , o r  b e tw e e n  a  
b o ls te r  an d  th e  c a r  b o d y . E x a m p le s:  A B B  X  2 0 0 0  tra iler  tru ck , th e  
Ita lia n  P e n d o lin o , and  v a r io u s  J a p a n ese  s y s te m s .

3 .3  T R U C K  P O P U L A T IO N  D A T A
te .

T h e  p o p u la tio n  o f  p a s s e n g e r  c a r  tru ck  d e s ig n s  p r e se n tly  in  o p e r a tio n  in  th e  U .S .  i s  su m m a r iz e d  in  
th is  s e c t io n , u s in g  th e  d e ta ile d  d ata  p ro v id e d  in  A p p e n d ix  2 . A p p e n d ix  2  l i s t s  a ll ca r  s e r ie s ’ in  
o p e r a tio n  in  th e  U .S .  b y  o w n e r sh ip  an d  b y  truck  c la s s if ic a t io n  a s  d e f in e d  in  s e c t io n  3 .2  a b o v e . A  
c a r  s e r ie s  i s  d e f in e d  a s  a  g ro u p  o f  ca rs  h a v in g  th e  sa m e  b o d y  a n d  tru ck  d e s ig n , o f  th e  s a m e  a g e ,  
an d  e x c e p t  in  th e  c a s e  o f  s o m e  g r o u p s  o f  o ld e r  cars, m a n u fa c tu red  b y  th e  s a m e  c a r  b u ild e r . T h e  
d ata  in  th e  A p p e n d ix  r e f le c t s  c a r  f le e t s  a t a p p r o x im a te ly  th e  b e g in n in g  o f  1 9 9 4 . T h e  p r im a ry  
s o u r c e  o f  th e  d ata  is  th e  A m e r ic a n  P u b lic  T ra n sit  A s s o c ia t io n  l is t in g  o f  ra ilro ad  p a s s e n g e r  ca rs  
fo r  1 /1 /9 4  [R e fe r e n c e  13 ].

A b o u t  92 %  o f  th e  6 3 9 2  c a rs  id e n t if ie d  in  th e  l is t in g s  are o w n e d  or  o p era ted  b y  A m tra k  an d  th e  
s ix  la r g e s t  c o m m u te r  ra il s y s te m s , a s  sh o w n  in  T a b le  3 .2  in  d e s c e n d in g  o rd er  o f  f le e t  s iz e .  S e v e n  
s m a lle r  c o m m u te r  ra il o p era to rs  sh a re  th e  rem a in in g  8% , m a k in g  a  to ta l o f  1 4  op era to rs . T a b le
3 .2  a ls o  l i s t s  th e  p r e d o m in a n t c a r b o d y  an d  tru ck  ty p e s  u se d  b y  e a c h  o p era to r . T h e  c h o ic e  
b e tw e e n  b i le v e l  an d  s in g le  l e v e l  c a r b o d ie s  is  la r g e ly  a  fu n c t io n  o f  ra ilro ad  c le a r a n c e s . E a s t  c o a s t  
o p e ra to rs  w ith  restr ic te d  c le a r a n c e s  u s e  s in g le  le v e l ,  an d  b i - le v e l  c a rs  are  u s e d  e ls e w h e r e .  
H o w e v e r , in n o v a t iv e  b i le v e l  d e s ig n s  h a v e  n o w  b e e n  d e v e lo p e d  fo r  ea ste r n  c le a r a n c e s  an d  are  
b e in g  o p e r a te d  in  th e  B o s to n  area  an d  o n  th e  L o n g  Is la n d  R a ilr o a d . W ith  rega rd  to  tru ck  ty p e s ,  
a ll  th e  c o m m u te r  o p e ra to rs  h a v e  te n d e d  to  l im it  th e ir  c h o ic e s  to  o n e  or  t w o  tru ck  m o d e ls  o v e r  a  
lo n g  p e r io d . A m tra k , w ith  a  la rg er  f le e t  and  m o re  va r ied  o p e r a tin g  c o n d it io n s , u s e s  a  w id e r  
v a r ie ty  o f  tru ck  m o d e ls .
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Table 3.2 U.S. Rail Passenger Car Fleet by Operator

O p e r a to r
C a r s  O w n e d P r in c ip a l C a r  

a n d  T r u c k  T y p e sU n p o w e r e d P o w e r e d T o ta l

National Railroad P assenger Corp. 
(Amtrak) 1668 18 1686 B i-lev e l (505 ) and s in g le  lev e l cars, 

various trucks

L ong Island Railroad 199 832 1031 S in g le  lev e l M U  cars, 
B udd and G SI trucks

M E T R A  (C hicago) 857 165 1022 G allery B i-lev e ls , som e M U  cars, 
G SI trucks

M etro-North C om m uter Railroad 78 725 803 S in g le  le v e l M U  cars, 
G SI trucks

N ew  Jersey Transit 366 30 0 6 6 6 S in g le  lev e l M U  and push-pull cars, 
G SI trucks

M assachusetts B ay  Transportation  
Authority 34 6 - 346 S in g le  lev e l push-pull cars, G SI trucks

Southeast Pennsylvania Transportation  
Authority 35 3 0 4 339 S in g le  lev e l M U  cars, 

G SI trucks
M aryland Departm ent o f  Transportation  
(M A R C ) 119 - 119 S in g le  lev e l push-pull cars,

N ippon  Sharyo trucks o n  new er cars

Southern California R eg iona l Rail 106 - 106 L ozen ge  b i-leve ls  cars, 
D ofasco/A tch eson  trucks

Peninsular Service  
(San Francisco) 9 6 - 9 6 B i-lev e l cars o f  various typ es, GSI 

trucks
Virginia Rail Express 
(W ashington D C  Area) 5 9 - 5 9 S in g le  lev e l push-pull cars,

N ippon Sharyo trucks o n  new er cars
Northern Indiana C om m uter Transportation  
District (C hicago South  Shore) - 58 58 S in g le  lev e l M U  cars, 

N ippon  Sharyo trucks

California Departm ent o f  Transportation 4 0 - 4 0 A m trak-style b i-level cars, 
G SI trucks

Tri-county Com m uter R ail A uthority  
(South Florida) 21 ' - ■ 21 L ozen ge  b i-level cars, 

D ofasco/A tcheson  trucks

Total 33 9 0 24 0 2 6 3 9 2



T h e  ca r  p o p u la tio n s  b y  tru ck  c la s s if ic a t io n  and  m o d e l are  s h o w n  in  T a b le s  3 .3  an d  3 .4  fo r  ca rs  
w ith  p o w e r e d  and  u n p o w e r e d  tru ck s r e sp e c t iv e ly . A m o n g  th e  u n p o w e r e d  ca r s , 80%  o f  th e  f le e t  
i s  e q u ip p e d  w ith  ju s t  fo u r  truck  m o d e ls , a ll o f  U .S . m an u factu re: th e  B u d d  P io n e e r , th e  
tra d itio n a l G S I  sw in g h a n g e r  tru ck  an d  in s id e  and ex tern a l b ea r in g  v e r s io n s  o f  th e  G S I G 7 0  truck . 
O f  th e s e  fo u r  m o d e ls ,  o n ly  th e  tw o  G S I  G 7 0  m o d e ls  are cu rren tly  in  p r o d u c tio n . T h e  r e m a in in g  
20 %  o f  th e  c a rs  are  e q u ip p e d  w ith  s e v e n  d iffe r e n t im p o rted  tru ck  m o d e ls  fr o m  E u r o p e  an d  Jap an . 
F u rth erm ore , th e  m o s t  w id e ly  u se d  im p o rted  m o d e l, th e  D o fa s c o  tru ck  i s  n o w  b e in g  
m a n u fa c tu red  in  th e  U .S .  b y  A tc h e s o n  C a stin g s .
T ru ck  m o d e ls  u se d  o n  p o w e r e d  ca rs  are e v e n  m o re  c o n c e n tr a te d , w ith  85%  o f  th e  p o p u la tio n  o f  
p o w e r e d  c a rs  e q u ip p e d  w ith  ju s t  tw o  m o d e ls ;  th e  B u d d  P io n e e r  (n o  lo n g e r  in  p r o d u c tio n ) an d  
th e  in s id e  b ea r in g  G S I  G 7 0 . T h e  r e m a in in g  15%  are e q u ip p e d  w ith  f iv e  d if fe r e n t  tru ck  m o d e ls ,  
tw o  o f  w h ic h  are  o f  U .S .  m a n u fa c tu re  (th e  trad ition a l G S I  sw in g h a n g e r  tru ck  a n d  th e  e x te r n a l  
b e a r in g  v a r ia n t o f  th e  G S I  G 7 0 ) , a n d  th e  o th er  th ree  m o d e ls , c o m p r is in g  o n ly  5%  o f  th e  f le e t ,  are  
o f  E u r o p e a n  and  J a p a n e se  m an u fa ctu re .

T w o  fa c to r s  h a v e  c o n tr ib u ted  to  th e  c o n c e n tr a tio n  o f  tru ck s a m o n g  s o  f e w  m o d e ls .  S in c e  a b o u t  
1 9 8 0  th ere  h a s  b e e n  o n ly  o n e  d o m e s t ic  tru ck  m an u factu rer  in  th e  U .S . ,  m a k in g  th e  G S I  G 7 0  
fa m ily . A ls o  ‘B u y  A m e r ic a ’ le g is la t io n  req u ires  a  s p e c if ie d  m in im u m  d o m e s t ic  c o n te n t  in  
p a s s e n g e r  ra ilca rs  w h ic h  are  p u rch a sed  u s in g  F ed era l g o v e r n m e n t  fu n d s , w h ic h  p r o v id e s  a  s tr o n g  
in c e n t iv e  to  u s e  A m e r ic a n -b u ilt  tru ck s.

3 .4  S U M M A R Y  T R U C K  D E S C R IP T IO N S  A N D  D A T A
3 .4 .1  C h o ic e  o f  T r u c k  D e s i g n s  fo r  D e t a i le d  D e s c r ip t io n s
T a b le s  3 .3  an d  3 .4  h a v e  in d ic a te d  th a t th ere  are a  to ta l o f  18  tru ck  m o d e ls  in  s e r v ic e  in  th e  U .S .  
R e s o u r c e s  w e r e  n o t  a v a ila b le  to  a s s e m b le  d e ta ile d  tru ck  d e sc r ip t io n s  a n d  d a ta  o n  a l l  th e se  
m o d e ls ,  s o  th e  a p p ro a ch  tak en  w a s  to  a s s e m b le  data  o n  a  sa m p le  o f  tr u c k s  r e p r e se n tin g  m ajor  
an d  d is t in c t iv e  d e s ig n s  in  u s e  or  l ik e ly  to  b e  u se d  in  th e  U .S .  T h e  s e le c t e d  tru ck s, l i s te d  in  T a b le
3 .5 ,  w e r e  c h o s e n  to  c o v e r  a  s ig n if ic a n t  fra c tio n  o f  th e  c a r s  in  s e r v ic e , to  in c lu d e  an  e x a m p le  o f  
m o s t  tru ck  c la s s if ic a t io n s  th a t h a v e  b e e n  p u rch ased  in  r e c e n t y e a r s , a n d  to  in c lu d e  tru ck s u se d  in  
d if fe r e n t  k in d s  o f  s e r v ic e . T h e  s e le c te d  tru ck s are  a p p lied  to  a  to ta l o f  5 7 %  o f  a l l  c a rs  in  s e r v ic e .  
T h e  r a t io n a le  fo r  th e  in d iv id u a l c h o ic e s  w e r e  a s  fo l lo w s :

•  T h e  B u d d  P io n e e r , b e c a u s e  i t  i s  th e  o n ly  tru ck  cu rren tly  in  re g u la r  h ig h - s p e e d  s e r v ic e  (2 0 0  
k m /h , 1 2 5  m p h ) in  th e  N o r th e a s t  C orrid or.

•  T h e  u n p o w e r e d  an d  p o w e r e d  v e r s io n s  o f  th e  in s id e  b e a r in g  G S I  G 7 0  tru ck , b e c a u s e  th e y  are  
th e  m o s t  w id e ly  u s e d  tru ck s  fo r  s in g le - le v e l  c o m m u te r  ca rs , a n d  are  o f  a  n o ta b ly  s im p le  an d  
e c o n o m ic a l  d e s ig n .

•  T h e  e x te r n a l b e a r in g  v e r s io n  o f  th e  G S I  G 7 0  u n p o w e r e d  tru ck , b e c a u s e  i t  h a s  b e e n  
p u r c h a se d  in  s ig n if ic a n t  n u m b ers  in  r e c e n t y ea rs  b y  A m tra k  a n d  C a lifo r n ia  D e p a r tm e n t o f  
T r a n sp o r ta tio n  fo r  a p p lic a t io n  to  s in g le  and  b ile v e l  in te r c ity  cars.

•  T h e  M D  7 6 ,  b e c a u s e  it  h a s  th e  m o s t  e x te n s iv e  s e r v ic e  e x p e r ie n c e  o n  an  in te r c ity  b i le v e l  car .

•  T h e  tw o  J a p a n e se  T y p e  4 2 e  tru ck s, b e c a u se  b o th  are e x a m p le s  o f  a  tru ck  ty p e  th an  m a y  b e  
u s e d  m o r e  e x t e n s iv e ly  in  th e  fu tu re , an d  b e c a u se  o n e  o f  th e  tw o  h a d  e n c o u n te r e d  s o m e  
o p e r a tio n a l p r o b le m s .

•  T h e  C o m e n g /T o k y u  C a r  truck , b e c a u s e  it  is  th e  o n ly  r e p r e se n ta tiv e  o f  a  m o d e m  b o ls te r le s s  
tru ck  d e s ig n , a  ty p e  th a t c o u ld  b e  m o r e  e x te n s iv e ly  u se d  in  th e  fu tu re .
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Table 3.3 Car Population by Truck Classification and Model - Unpowered Cars

Classification Origin Model Number of Cars 
in Service Typical Applications

21i United States Budd Pioneer I I I 684 Am trak Am fleet and Capitoliner cars

31e Traditional 1185
Pre 1970 cars: Amtrak Heritage, 
M E T R A , other commuter

32i
G S IG 7 0  inside 
bearing

750
Pullman/Bombardier single-level push- 
pull commuter cars

32e
G S I G70 external 
bearing

564
Am trak Superliner II, Horizon, and bi
level commuter cars

42i United States/ 
Canada

Dofasco/Atcheson 300
‘Lozenge’ bi-level commuter cars in 
M iam i and Southern California

41e Germany M D 76 282 Am trak Superliner I  bi-level cars

43e France Creusot-Loire 27 Am trak Turbo trailer cars

Australia Comeng/Tokyo Car 10 L IR R  bi-level commuter cars

42e Japan
Nippon Sharyo 
NT319

75 M A R C  push-pull commuter car

Tokyo Car 38 V R E  push-pull commuter car

Kawasaki 75
M B T A  Bi-level push-pull commuter 
cars

Total • 3990

 ̂.
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Table 3.4 Car Population by Truck Classification and Model - Powered Cars

Classification Origin Model Number of Cars 
in Service Typical Applications

21i - P2 United States Budd Pioneer 836
Long Island and Metro-North M U  
commuter cars

3 1 e -P 2 G S I Traditional 61 O ld Metro-North M U  cars

32i - P2
G S IG 7 0  inside 
bearing

1210
SE P T A , NJT, L IR R , M N C R  
M U  commuter cars

32e - P2
G S I G70 external 
bearing

165
M E T R A  Chicago bi-level 
M U  cars

42e - P2 Japan Nippon Sharyo NP312 58
N IC T D  - South Shore single level M U  
cars

4 2 i-P 2 Tokyo Car 54 Metro North M 4  series M U  cars

43e - P2 France Creusot-Loire 18 Am trak Turbo Power Car

Total 2402
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Table 3.5 Truck and Car Combinations Selected for Detailed Study

Classification Origin Model Number of Cars 
in Service Applications Studied

21i United States
Budd Pioneer I I I  
(unpowered)

684
Am trak Am fleet single level intercity 
cars

32i
G S IG 7 0  inside 
bearing (unpowered)

750
M BTA/Bom bardier single-level push- 
pull commuter car

32e
G S I G70 outside 
bearing (unpowered)

564
Am trak Superliner I I  bi-level, Horizon 
single level intercity cars

32i - P2
G S I G70 inside 
bearing (powered)

1210
L IR R  M U  car 
Single level

41e Germany M D 76 282
Am trak Superliner I  bi-level intercity 
car

42e Japan Nippon Sharyo N T  
319

75
M A R C  Northeast Corridor commuter 
cars, V irgin ia Railw ay Express cars

Kawasaki 75 M B T A  B i levels

43e Australia Com eng/Tokyo car 10 L IR R  unpowered bilevel cars

Total 3650



The full data assembled on each truck are provided in Appendix 1. A  variety o f sources have 
been used to assemble the data, as follows:

• Data provided by the manufacturer. M ost manufacturers were w illing to provide data on the 
truck layout, including assembly drawings, dimensions of the truck and components, and 
overall weights. However, manufacturers were not able to provide component mass and 
inertia, or any spring and damping rates. This information is regarded as proprietary, and 
could not be released for general publication. Such information is norm ally made available 
to the car purchaser, and any other person or organization performing truck analysis on 
behalf o f the purchaser.

• Prior technical reports and specifications. Some truck data on the selected trucks has 
appeared in prior technical reports published by the Federal Railroad Adm inistration and 
other agencies. Som e data on the selected trucks has appeared in these reports, most notably 
References 2 and 3, and is repeated in this report. Reference 14 contains some data on 
service conditions on Am trak lines relevant to trucks in Am trak service. Finally  
specifications prepared by car purchasers for prospective car suppliers often contain relevant 
information about the expected operating environment

• Visits to operators. Data on the operating environment for the trucks was generally obtained 
from the operator, supplemented by information in purchase specifications. In  some cases it 
was also possible to see a disassembled truck and to take notes regarding truck mechanics 
and suspension components that could be used to estimate suspension characteristics.

• Consultant estimates. In  some cases, it was possible for the consultant to make reasonable 
estimates o f suspension parameters. This method was prim arily used for estimates of the 
mass and inertia o f suspension components. Given the overall mass of a truck, it is possible 
to develop a reasonable breakdown of the weight among the major components. The 
dimensional data typically available on general arrangement or assembly drawings can be 
used to estimate the location of the center of gravity and inertia about each axis.

In  spite o f the above efforts, is has not been possible to obtain or estimate a value for every 
parameter. Therefore some of the values in the tables in Appendix 1 are necessarily blank. A lso  
it should be borne in mind that no parameter can be regarded as a fixed accurate value. A ll 
parameters are subject to variation, due to variability in the manufacturing process, inaccuracy in 
calculation (even when the calculations are done by a manufacturer in possession o f fully 
detailed design data), and the wear and deterioration o f components during use and over time. 
For example, the manufacturing process for molded rubber components is such that it is not 
possible to control stiffness to better than about +  or -1 0 %  when new, and rubber can creep and 
age over time, further altering stiffness and damping characteristics. Another factor is that 
operators m ay change suspension parameters over time, often in an effort to overcome a 
performance or durability problem, and these changes are not always well documented in terms 
of the effect on suspension parameters.

W hen detailing dimensions, stiffnesses, damping rates, and especially inertias, it is necessary to 
refer the data to a defined set of co-ordinates and an origin. The co-ordinates for rail passenger 
cars and trucks are given in Figure 3.4. The origin for both the carbody and truck co-ordinates is 
located on the track centerline laterally and at the top o f the rail vertically. The longitudinal 
origin for the carbody is at the m idpoint between the truck centers, and for a truck is at the 
midpoint between the outermost wheelsets. Roll, pitch and yaw are rotational movements about 
longitudinal, transverse and vertical axes respectively, passing through the origin.

3.4.2 Methodology and Data Sources for Truck Data
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Truck C/L CarC/L Truck C/L

Side View Rear View

Co-ordinate
Co-ordinate Origin

Truck Carbody

Longitudinal, X Half truck 
wheelbase

Half truck 
center 

spacing

Lateral, Y Track center Track center

Vertical, Z Top of Rail Top of Rail

Figure 3.4 Co-ordinate System  for Non-articulated Railroad Passenger Car with Two 2-axle Trucks



APPENDIX 1

DETAILED PASSEN GER CAR TRUCK DATA AND DESCRIPTIONS

A1.0 INTRODUCTION

This appendix contains detailed descriptions and data for each o f the eight selected truck designs. 
The specific information provided for each truck design is as follows:

A1.0.1 Truck Data

• A  general narrative description of the truck design.

• A n  exploded engineering drawing o f the truck showing the principal components, and a 
schematic showing the relationship between truck structural components and interconnecting 
elements such as springs and dampers.

• Basic truck dimensional and mass data.

• Detailed tabulations o f truck mass, inertia, and suspension parameters

-  Centers o f gravity, masses and moments o f inertia o f principal components

-  Prim ary suspension parameters

-  Secondary suspension parameters

• A  narrative description o f longitudinal, lateral and vertical load paths.

A1.0.2 Operating Environment and Operating Experience Data

• General information on passenger car series to which the truck is applied.

• Operating data and route data for typical routes over which the car is operated, such as 
speed, train length, frequency of stops, etc.

• Maintenance and service experience.

A1.0.3 Engineering Data on the Passenger Railroad Car and Car-Truck Interface

This section provides general information on the car to which the truck is applied (mass, etc.), 
and details o f the car-truck interface.
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The specific trucks for which this information has been prepared are given in the table below.

Section Truck
Classification

Truck &
Classification(s)

Page

A1.1 2li Budd Pioneer III truck for 
Amtrak Amfleet Car

A1.3

A1.2 32i GSI-G70 truck for single level 
commuter car

A1.16

A1.3 32i-P2 Powered GSI-G70 truck for 
LIRR M3 MU car A1.29

A1.4 32e
Buckeye/GSI-G70 truck for 
Amtrak Superliner II bi-level 
car

A1.42

A1.5 41e
Waggon Union MD-76 truck 
for Amtrak Superliner I bi-level 
car

A1.55

A1-6 42e Kawasaki truck for MBTA bi
level commuter car

A1.67

A1.7 42e Nippon Sharyo truck for Marc 
II commuter car A1.79

A1.8 43e
Comeng truck for LIRR bi
level commuter car

A1.92

A 1-2



A1.1: BUDD PIONEER III

A1.1.1 Engineering Data

A1.1.1.1 Narrative Description of Truck Design

Truck Classification : 21i

General Characteristics: For the Amtrak application under the Amfleet cars the 
Pioneer in is an unpowered version o f the design that uses 
inboard journal bearings and a lower yaw  p ivot

Frame : The side frames are rectangular tubes. A  triangular 
structure, integral with each side frame, is terminated in a 
half bearing at the central pivot that is attached to the 
bolster. This arrangement provides independent pitch 
motion o f the two side frames in that the wheels can 
negotiate cross level irregularities with satisfactory load 
equalization. The frame assembly supports a bolster 
through the center pivot.

Suspension System

-Prim ary The primary springing is a unique arrangement that uses an 
unbonded rubber ring between the axle bearings and their 
housings. Dampers are not used. Rubber pads are also 
used between the truck side frames and the bolster side 
bearers. Both rubber sections also provide some degree of 
damping.

-Secondary : The secondary suspension uses a series arrangement of coil 
and air springs. The wide spacing o f the secondary springs 
provides roll stability that eliminates the need for a roll 
stabilizer. Hydraulic dampers are provided for vertical and 
lateral car body motion.

Propulsion System : Not applicable.

Braking System : Originally used only with disc brakes, two per axle. Later 
modified to also include tread brakes, forming a blended
dual-brake system.

Exploded engineering and schematic drawings of this truck are provided in Figures 
A l.1.1  and A l.1 .2
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A1.1: BUDD PIONEER III (continued)

Figure A1.1.1 Budd Pioneer III for Amtrak Cars - exploded view
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A1.1: BUDD PIONEER III (continued)

lateral -  Coil 5prIncjs in series 
with lateral 3tac?lllzinq Pods

Vertical "  Coil 5prinqes hi series 
with Air 5princ| ( 2 )

Vertical 5ecaidaq Pamper ( 2 )

lateral 5econdanj Pamper ( 2 )

5lde Pearhvq ( 2 )

Anckr Rod ( 2 )

Axle ( 2 )

Primari) Suspension (  4 )

Wheel ( 4 )

Figure A1.1.2 Budd Pioneer III for Amtrak Cars • schematic
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A1.1: BUDD PIONEER III (continued)

A1.1.1.2 Basic Truck Data

Track Gauge : 1435 mm (56.5 in)

Wheel Base 2591 mm (102 in)

Wheel Diameter : 914 mm (36 in)

Bolster Bow l Diameter : Not applicable

Truck Rotational 
Break Out Torque 10.17xl06 m m -N (0.9x105 in-lbf)

Design Load
(Top of bolster bowl) : 198.2 k N (44700 lbf)

Total Truck W eight 60.97 k N (13700 lbf)

Brake Type See Section A l.  1.1.1

Motor None

Gear Box None
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Al.1.1.3 Truck Center of Gravity, Mass and Moment of Inertia

Component
Description

Number
of

Components

Mass
kg

(lbf sec2/in)

Center of Gravity Location
mm (in)

Moment of Inertia
kg mm2xl08(lbfin sec2xl03)

X Y z I*x !yy K ,
Wheel & Axle Set 2 779.6 (4.45) 1297.5 (51.1) 0.0 457.2 (18) 3.28 (2.9) 3.28 (2.9)

Truck Frame 1 1716.9 (9.8) 0.0 0.0 472.4 (18.6) 11.0 (9.72) 4.05 (3.58) 16.1 (14.2)

Bolster 1 1384.0 (7.9) 0.0 0.0 668.0 (26.3) *** ♦  ♦ ♦ ***

Equalizer Bar — — . . . . . . . . . . . . . . . . . .

Motor — — — — — — — —

Gear Box — — — — — — — —

Tread Brake Unit 4 *** *** *** *** *** *** ***

Primary Spring — — — — — — — —

Secondary Vertical 
Damper

2 *** *** *** *** *** *** ***

Secondary Lateral 
Damper

2 *** *** *** *** *** *** ***

Anchor Rod 2 *** *** *** *** *** *** ***

Air Spring Assy. 2 *** *** *** *** *** *** ***

— No applicable to this truck or value not relevant 
*** Value required, but not available or estimated

A1.1: 
BUDD PIONEER III (continued)
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Al.1.1.4 Truck Suspension Parameters 
Al.1.1.4.1 Primary Suspension:

Component Stiffness
N/mm (lb/in)

Longi
tudinal Lateral Vertical

Damping Rates
N sec/mm (lbf sec/in)

Longi
tudinal Lateral Vertical

Clearance and Travel 
Tolerances mm (in)

Longi
tudinal Lateral Vertical

Individual Springs
- Inside
- Outside

Double Coil Spring 
Set
Total/Wheel 180.4xl03 28.2x103 180.4xl03 

(1030xl03) (161xl03) (1030xl03)
89.250 85-2125* 89-250* ★  ** *** ***

♦ Range, metric units (estimates)
— Not applicable to this truck or value not relevant 
*** Value required, but not available or estimated

A1.1: 
BUDD PIONEER III (continued)
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Al.l. 1.4.2 Secondary Suspension:

C o m p o n e n t S t i f f n e s s  N /m m (lb j / in .) D a m p in g  R a t e s  N  s e c /m m ( lb f se c /in .)

L o n g i t u d i n a l L a t e r a l V e r t i c a l L o n g i t u d i n a l L a t e r a l  V e r t i c a l

S p r in g  ( p e r  t ru c k ) __ 7 2 8 6 7 4 . . . . . .
(4 0 0 0 ) (3 7 0 0 )

L a te ra l  B u m p e r * + * * *  + * *  + . . . . . .
( B o ls te r /c a r )

V e r t ic a l  S h o c k — — — — 4 4
A b s o r b e r (2 4 0 )

L a te r a l  S h o c k __ __ __ __ 3 7
A b s o r b e r (2 0 0 )

C e n te r  P iv o t . . . . . . . . . — . . .

A n c h o r  A s s e m b ly 4 5 5 3 — — 14 —
( 2 5 0 0 0 ) (7 8 )

C o m p o n e n t C l e a r a n c e  &  T r a v e l  T o le r a n c e s  m m  ( in .) T o r q u e  o r  F r i c t i o n  F o r c e

L o n g i t u d i n a l L a t e r a l V e r t i c a l L o n g i t u d i n a l L a t e r a l  V e r t i c a l

S p r in g . . . * * * **♦ . . . —

L a te r a l  B u m p e r — * + * — — —
( B o ls te r /c a r )

V e r t ic a l  S h o c k — — * * * — —
A b s o r b e r

L a te ra l  S h o c k . . . * * * — — —
A b s o r b e r

C e n te r  P iv o t __ . . . __ B re a k o u t  f r ic t io n  to r q u e  a b o u t  v e r t ic a l  a x is
9 .8 1  K N - m  ( 0 .9 x 1 0 s  in . lb f )

A n c h o r  A s s e m b ly * * * . . . . . . . . . . . .
—  N o t  a p p l i c a b le  f o r  th is  t r u c k  o r  v a lu e  n o t  r e le v a n t  
* * *  D a ta  r e q u ir e d ,  b u t  n o t  a v a i l a b le  o r  e s t im a te d  
D a ta  ta k e n  f r o m  R e f e r e n c e  2 .

A1.1: 
BUDD PIONEER III (continued)



A1.1: BUDD PIONEER III (continued)

A1.1.1.5 Narrative Description of Load Path 

A1.1.1.5.1 Longitudinal

This load path, beginning at the car body, goes through outside anchor rods into the 
bolster, then into the interface between the bolster and the truck frame at the center pin. 
This force then continues though to the outside portion of the truck frame and then 
through the axle bearings.

A1.1.1.5.2 Lateral

This load path goes from the car body into the bolster through lateral coil springs that are 
in series with lateral stabilizing rods. The load path continues though the bolster center pin 
and on into the axle bearings.

A1.1.1.5.3 Vertical

This load path is from the car body, through the secondary suspension, into and along the 
bolster, into the frame through the side bearers and then into the axle bearing assembly of 
rubber rings and bearings.

A1.1.1.6 Wheel Profile

1/20 wheel conicity
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A1.1: BUDD PIONEER III (continued)

A1.1.2 Operating Environment and Operating Experience Data 

A1.1.2.1 Background Information/Car Series

Operator AMTRAK

Type of Car : Corridor and long-haul intercity services

Name of Car Series : AMFLEET I and fl

Number in Service : 622

Date(s) put into Service : 1975/1979

Manufacturer of Car : BUDD

Type of Truck : 
(Volpe/ADL designation)

21i

Truck Manufacturer and : BUDD COMPANY, PIONEER m
Model

A1.1.2.2 Operating and Route Data

Amfleet I and II cars are primarily used in Amtrak's shorter-haul corridor intercity 
services, between cities 150 and 750 km (90-450 miles) apart. Most notably, Amfleet 
cars are the primary equipment used in conventional and high-speed Metrolmer services 
between Washington, DC and Boston. Maximum speeds in Metroliner service are 200 
km/h (125 mph).

Train Lengths Operated Up to 12 cars

Braking Patterns : 
(Friction/Dynamic)

Corridor type services with relatively frequent stops 
with typically 30 to 60 minutes between stations. 
Dynamic braking is used on electric and diesel- 
electric locomotives.
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A1.1: BUDD PIONEER III (continued)

A1.1.2.3 Track System Data

FRA Track Class

- Main Line : Northeast Corridor: Class 6
Other main lines: Classes 4 or 5

- Sidings and Yard : Class 1 or 2

Approximate Percentage 
of Welded & Jointed Rail

Northeast Corridor: 100% welded 
: Other main lines: variable

Rail-Tie Fastener System : Northest Corridor: concrete ties and 
Pandrol elastic clip fasteners 
Other main lines: wood ties and cut spikes 
Curvature Data

- Average/Typical 
Curvature on Main 
Track

: Northeast Corridor high speed segments 1° 
Other main lines: 1-4°

- Maximum Curvature on 
Track

: Typically 10° on main line

- Approximate Percentage 
of Curved and Tangent 
Main Track

: Variable by route

- Typical Spiral Length 
Relative to AREA 
Recommendations

: Variable by route

- Typical Curve Radius 
in Yard and Siding 
Tracks

: Down to 76m (250 ft)

- Minimum Curve Radius 
in Yards and Sidings

: 76m (250 ft)

- Typical Turnout Size 
(Area Number) 

Mainline : AREA No. 10 and higher
Yard : AREA No. 61/2 crossover
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A1.1: BUDD PIONEER III (continued)

A1.1.2.4 Maintenance and Service Experience

Regular Servicing and Inspection : 
Schedules

Major overhaul every three years. 
Routine servicing regularly for wheel 
turning, brake shoes, shims, etc.

Rationale for Maintenance 
Schedules :

Experience has shown need for three 
year interval to prevent high failure rates.

Average or Typical Intervals : 
(time or miles) Between 
Maintenance Action or 
Component Replacement

Three years or about 500,000 miles.

Information on Any Unusual : 
Problems with Truck

Unusually high primary spring stiffness 
has created high force levels on truck 
components and on track structures.

Information on the : 
Maintainability of 
the Truck

Truck maintenance is routine using 
normal procedures.

Information on the Operator's :
Experience
with the Truck

Tests have shown high track forces with 
original primary spring design. Hot 
journal bearing detection continues to be 
a problem because of the inboard journal 
bearing design.

k
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A1.1: BUDD PIONEER III (continued)

A1.1.3 Engineering Data on Railroad Passenger Cars and Car-Truck Interface 

A1.1.3.1 General Description of Car

The Amfleet car is a single-level stainless steel car equipped for corridor intercity service. 
Various seating arrangements are used, and the fleet includes food service cars. 
Miscellaneous car equipment, such as braking and HVAC systems are mounted under the 
car floor. The cars were built in two series, between 1974-76, and 1980-81.

A1.1.3.2 Car and Carbody Data

Overall Dimensions

Length
(over coupler faces) : 26.00m (85.3 ft)
Width : 3.20m (10.5 ft)
Height
(from top of rail) : 3.87m (12.7 ft)

Truck Center Spacing : 18.13m (59.5 ft)

Car Weight
-Ready to run : 464 kN (104300 lbf)
-With maximum load : 531 kN (119440 lbf)

Mass of carbody 
(without trucks) 
(ready to run) : 34890 kg (2389 lbf-sec2/ft)

Radius of gyration 
Roll : 1.57m (5.2 ft)
Pitch : 7.57m (24.8 ft)
Yaw : 7.57m (24.8 ft)

Center of Gravity 
of Carbody : 1.91m (6.27 ft)
(from top of rail)

Carbody Natural 
Frequency (first vertical 
bending mode) : 7.5 Hz
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A1.1: BUDD PIONEER III (continued)

A1.1.3.3 Carbody to Truck Interface

The carbody rests on two combination air and coil springs which rest on the truck bolster. 
Laterally spaced anchor rods provide the longitudinal connection between the bolster and 
the car body. Secondary lateral and vertical dampers are situated in parallel with the 
coil/air spring unit. Specific dimensions are as follows:

Vertical Spring Units : 2.29m (7.5 ft)
(lateral spacing)

Anchor Rods
Lateral spacing : 2.74m (9.0 ft)
Height above top
of rail : 0.51m (1.7 ft)
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A1.2: GSI-G 70  TRUCK

A1.2.1 Engineering Data

A1.2.1.1 Narrative Description of Truck Design

Truck Classification : 32i

General Characteristics : This is an unpowered, inside frame truck, with a 
lower yaw pivot configuration. The truck is an 
equalizer beam design.

Frame : One piece cast steel pedestal H-type frame with or 
withou end transoms. The frame supports a bolster 
on a 22-inch diameter central bearing which 
accommodates a 1-inch thick bearing wear plate and 
a vertical wear sleeve.

Suspension System

-Primary : Two single bar type equalizer beams and four sets 
of double nested steel coil springs provide vertical 
and lateral stiffness. There is no vertical damping 
except axle box to pedestal friction.

-Secondary : An air spring assembly is mounted at each end of 
the bolster to support the car body. There are two 
lateral shock absorbers and two vertical shock 
absorbers, one of each on each side of the truck.

Propulsion & Braking : 
System

No propulsion system. The truck is equipped with 
four WABCO type GO-5 inch tread brakes.
The truck is also equipped with hand brake 
connection.

Exploded engineering and schematic drawings of this truck are provided in 
Figures Al.2.1 and Al.2.2.
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A1.2: GSI - G70 TRUCK (continued)

Figure Ai.2.1 GSi Truck for MBTA Commuter Various Single Level 
Cars - exploded view
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A1.2: GSI - G70 TRUCK (continued)

Figure A1.2.2 GSI Truck for MBTA Commuter Various Single Level 
Cars - schematic
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A1.2: GSI - G70 TRUCK (continued)

A1.2.1.2 Basic Truck Data

Track Gauge

Wheel Base

Wheel Diameter

Bolster Bowl Diameter

Truck Rotational 
Break Out Torque

Design Load 
(Top of bolster bowl)

Total Truck Weight

Brake Type

Motor

Gear Box

1435.1 mm (56.5 in)

2590.8 mm (102 in)

813.8 mm (32.0 in)

558.8 mm (22.0 in)

Not available

271.5 kN (61,000 lbf)

53.4 kN (12,000 lbf)

WABCO GO-5 inch tread brake

N/A

N/A
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Al.2.1.3 Truck Center of Gravity, Mass and Moment of Inertia

Component
Description

Number
of

Components
Mass

kg
(lbfsec2/in)

Center of Gravity Location
mm (in)

Moment of Inertia
kg mm2x 108(lb,-in sec2xl03)

X Y Z lyy I*z
Wheel & Axle Set 1 1023.1 (5.84) 1295.4(51.00) 0.0 406.4(16.00) 4.72 (4178) 0.61 (537) 4.72 (4178)
Truck Frame: 1 1219.3 (6.96) 0.00 0.0 575.3 (22.65) 3.28 (2899) 7.92 (7006) 11.0 (9758)
Bolster 1 602.7 (3.44) 0.00 0.0 762.0 (30.0) 3.34 (2954) 0.16 (137) 3.33 (2946)
Equalizer Bar 2 154.2 (0.88) 0.00 582.7 (22.94) 325.1 (12.80) 0.11 (94) 1.88 (1661) 1.77 (1567)
Motor ... — — — — — — —
Gear Box -- ■ ■' ■ ■ — ■ -- — — — — —
Tread Brake Unit 4 136.7 (0.78) *** *** *** *** *** ***
Primary Spring 4 sets 22.8 (0.13) 736.6 (29.00) 582.7 (22.94) 508.0 (20.00) * + * *** ***
Secondary 
Vertical Damper

2 *** 192.0 (7.56) 1428.8 (56.25) 480.1 (18.9) *** *** ♦  **

Secondary Lateral 
Damper

2 *** 393.7 (15.5) 1166.9 (45.94) 908.1 (35.75) *** *** ***

Anchor Rod 2 31.5 (0.18) 62.0(2.44) 1352.6 (53.25) 482.6 (19.00) *** *** - ***

Air Spring Assy. 2 49.1 (0.28) 0.00 1098.6 (43.25) 1062.0 (41.81) *** ** + ** +

— Not applicable to this truck, or value not relevant 
*** Value required, but not available or estimated
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Al.2.1.4.1 Primary Suspension:
Al.2.1.4 Truck Suspension Parameters

Component Stiffness 
N/mm (lb/in)

Longi
tudinal Lateral Vertical

Individual Springs
- Inside (3.375 in. 

O.D.)
- Outside (5.625 

in. O.D.)

70 (401) 
433 (2470)

70 (401) 
433 (2470)

70 (1147) 
481 (2743)

Double Coil Spring 
Set

1006 (5742) 1006 (5742) 1363 (7780)

— Not applicable to this truck, or value not relevant
*** Value required but not available or estimated or estimated



Damping Rates
N sec/mm (lbf sec/in)

Longi
tudinal Lateral Vertical

Clearance and Travel Tolerances 
mm (in)

Longi
tudinal Lateral Vertical

*** *** -79.0 (-3.11
(max))

*** *** -79.0 (-3.11 
(max))

A
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Al.2.1.4.2 Secondary Suspension:

Component
Longitudinal

Stiffness N/mmOb/in.) 
Lateral Vertical

Damping Rates N sec/mm(lbf sec/in.) 
Longitudinal Lateral Vertical

Air Spring *Firestone(#29-C) *** *** — - - . . .

Lateral Bumper — *** . . . — — —

(Bolster/car)
Vertical Shock — — — — — ♦ (Monroe 80131)
Absorber
Lateral Shock — — — — ♦ (Monroe 70051) —

Absorber
Center Pivot . . . . . . . . . . . . . . . . . .

Anchor Assembly *** . . . . . . . . . . . . . . .

Component Clearance & Travel Tolerances mm(in.) Torque or Friction Force
Longitudinal Lateral Vertical Longitudinal Lateral Vertical

Air Spring . . . . . . 330.2 (13.0) (max) —

Lateral Bumper 
(Bolster/car)

— 3.175 (0.125) (free) 
9.575 (0.375) (max)

— —

Vertical Shock 
Absorber

— — *** —

Lateral Shock 
Absorber

— *** — —

Center Pivot mmm

“

*** (about 
vertial 
axis)

Anchor Assembly * * * . . . . . .

♦ Manufacturer and part number 
— Not applicable to this truck or value not relevant 
*** Value required, but not available or estimated
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A1.2: GSI - G70 TRUCK (continued)

A1.2.1.5 Narrative Description of Load Path 

A1.2.1.5.1 Longitudinal

The path of a longitudinal load travels through the wheel to the truck frame. The load goes 
through the center pivot to the bolster. From the bolster it goes through the anchor rods to 
the car body. When the brakes are applied the load produced is reacted at the pedestal 
guides.

A1.2.1.5.2 Lateral

A lateral load goes through the wheel to the truck frame through the center pivot to the 
bolster. From the bolster it travels through the rubber bump stops to the car body.

A1.2.1.5.3 Vertical

The path of a vertical load travels from the wheel to the equalizer beam to the primary 
springs to the truck frame. From the frame it goes through the center pivot to the bolster 
through the air spring to the car body.
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A1.2: GSI - G70 TRUCK (continued)

A1.2.2 Operating Environment and Operating Experience Data

A1.2.2.1 Background Information/Car Series

Operator Massachusetts Bay Transportation Authority 
Commuter Rail

Type of Car Single level commuter coach

Name of Car Series

Number in Service

59 Pullman-Standard (1979)
65 MBB (1987-1990)
145 Bombardier (1987-1991)

Total 269

Date(s) put into Service (See above)

Manufacturer of Car (See above)

Type of Truck 
(Volpe/ADL designation)

Cast rigid pedestal frame, equalized 
GSI 35430 (32i)

Truck Manufacture and GSI Engineering Inc., G70
Model

A1.2.2.2 Operating and Route Data
Route (Length)

Mileage
(Stops)
Stations

Speed (Max)

NORTH Rockport 55 l l 60
Haverhill 33 13 60
Lowell 26 7 60
Fitchburg 49 18 60

SOUTH Providence 43 12 80
Framingham 21 10 60
Needham 14 11 80
Franklin 31 16 60

A ve rage  A n n u a l M ile ag e : 60,000 m ile s
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A1.2: GSI - G70 TRUCK (continued)

Train Lengths Operated : 5-9 cars

Braking Patterns
(Friction/Dynamic) :

A1.2.2.3 Track System Data

FRA Track Class

Policy is to use dynamic brake. Eighteen of 
55 locomotives not equipped with dynamic 
brake. Policy is to run with EP brake cut 
out: Bombardier 350 series do not have EP 
brake.

- Main : The MBTA attempts to maintain its track at 
class 4-5 with 5% above class 6 (Northeast 
Corridor segment).

- Sidings and Yard : 90% exceeds class 3, and 10% borderline 
class 1.

Approximate Percentage 
of Welded & Jointed Rail

Approximately 40% welded rail.

Rail-Tie Fastener System : 

Curvature Data

Conventional cut-spike on wood tie. 
Pandrol clips on concrete ties on Northeast 
Corridor.

- Average/Typical : 
Curvature on Main Track

3-4°

- Maximum Curvature on Track : 
Track

13°30' max. curve on main line.

- Approximate Percentage of 
Curved /and Tangent Main Track

No definitive information. 
Track dept, estimates 20%.

- Typical Spiral Length : 
Relative to AREA 
Recommendations

Not available

- Typical Curvature in Yard and : 
Siding Tracks

10-12°

- Maximum Curve Radius 
in Yards and Sidings

- Typical Turnout Size 
(Area Number)

32° max. curve in Boston Engine Terminal 
yard.
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A1.2: GSI - G70 TRUCK (continued)

Mainline

Yard

Generally minimum No. 10 with some 
exceptions at No. 8.

No. 8 with a couple exceptions at No. 6.

A1.2.2.4 Maintenance and Service Experience

Regular Servicing and Inspection 
Schedules

Rationale for Maintenance Schedules :

Average or Typical Intervals : 
(time or miles) between Maintenance 
Action or Component Replacement

Information on any Unusual 
Problems with Truck

Information on the Maintainability : 
of the Truck

Information on the Operator's 
Experience with the Truck

Cab or inspection every 3 months (92 
days) by law. Blind traveler car (without 
cab) inspected every 180 days. Trucks 
generally inspected for wheels, brakes, 
springs and wear plates and structural 
integrity. Air brake inspection mandated 
every 3 years.

Major truck overhaul is scheduled every 
6 years (this is based on AMTRAK 
experience). Attempt is to refurbish to 
new condition. Springs and liners, 
wheelsets and wear plates (pedestal) are 
replaced with new.

Other than above scheduled maintenance, 
components are replaced on a failure 
basis e.g., broken equalizer springs and 
ruptured air bags (neither have been a 
problem). Wheel reprofiling and side 
bearing replacement as required.

Three incidents of cracked equalizer bars 
on MBB cars which resulted from a bad 
welding practice. One other cracked 
equalizer - cause not known. Isolated 
broken primary springs. Essentially, no 
unusual problems on this truck.

This truck is simple and relatively easy to 
maintain. Brakes and other components 
are accessible. Maintenance supervisor 
reports good experience with this truck.

Used since 1979 with no problems. 
Wheel damage has been a problem, but 
this was a result of operating without the 
wheel slide system. This situation has 
been rectified (100% operative wheel 
slide systems) and is no longer an acute 
problem.
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A1.2: GSI - G70 TRUCK (continued)

A1.2.3 Engineering Data on Passenger Railroad Cars and Car-Truck Interface 

A1.2.3.1 General Description of Car

The car is a single level commuter coach car manufactured by Bombardier. The car 
design originated with Pullman Standard in the early 1970s and was later acquired by 
Bombardier. Approximately 30% of the cars are equipped with a control cab for push- 
pull operations. The carbody is of welded aluminum construction, mounted on a steel 
underframe. Miscellaneous car equipment (HVAC systems, brake systems, etc.) are 
mounted under the floor between the trucks. As well as the MBTA application, a large 
number of similar cars are in service with other east coast commuter agencies, including 
Metro North, New Jersey Transit, and SEPTA.

Al.1.32 Car and Carbody Data

Overall Dimensions

Length
(over coupler faces) 26.00m (85.3 ft) 

3.20m (10.5 ft)

3.89m (12.7 ft)

Width
Height
(from top of rail)

Truck Center Spacing 18.14m (59.5 ft)

Car Weight 
-Ready to run

Trailer cars 
Cab cars

397 kN (89,000 lbf) 
424 kN (95,000 lbf)

-With maximum load
Trailer cars 
Cab cars

478 kN (107,300 lbf) 
505 kN (113,300 lbf)

Mass of carbody 
(without trucks) 

-Ready to run 
Trailer cars 
Cab cars

29562 kg (2019 lbf-sec2/ft) 
32314 kg (2205 lbf-sec2/ft)

Radius of gyration
Roll
Pitch
Yaw

1.58m (5.2 ft) (est) 
7.57m (24.8 ft) 
7.57m (24.8 ft)

Center of Gravity of Carbody 
(from top of rail)

1.52m (5.6 ft) (est)

Carbody Natural Frequency 
(first vertical bending mode)

6-6.5 Hz (est)
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A1.2: GSI - G70 TRUCK (continued)

A1.2.3.3 Carbody to Truck Interface

The carbody rests on two Firestone air springs at each truck, situated at the outer end of 
the bolster. The longitudinal connection between the trucks and the carbody is via two 
laterally spaced longitudinal anchor rods between the carbody and the truck bolster. 
Secondary vertical and lateral dampers (two of each) are also provided between the bolster 
and body.

Specific dimensions are as follows:

Lateral spacing of airsprings

Lateral spacing of secondary 
vertical dampers

Lateral spacing of anchor rods

Height of anchor rods above 
top of rail

2.19m (7.2 f t )

2.86m (9.4 ft) 

2.70m (8.9 ft)

0.48m (1.6 ft)
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A1.3.1 Engineering Data

A1.3.1.1 Narrative Description of Truck Design

Truck Classification : 32i - P2

A1.3: POWERED GSI-G70 TRUCK FOR LIRR M3 MU CAR

General Characteristics : This cast steel truck is fully equalized, with inboard journal 
bearings, a bolster, and traction rods connected to the car 
body. It is a motorized design.

Frame : The cast steel H frame uses pedestal guides to control axle 
position and has two side bearings.

Suspension System

Primary : Two separate multi-coil steel spring packs are used with 
each of the two equalizer beams. Primary dampers are not 
used.

-  Secondary: Two air springs are used between the truck bolster and the 
car body. Vertical and lateral shock absorbers are used for 
damping to supplement the air spring orifice system.

Propulsion & Braking : 
System

Each axle is driven by a D.C. traction motor that is 
controlled by a resistance - cam controller system. The 
motor also provides dynamic braking that is blended with 
the friction braking. Friction braking is provided by a tread 
brake unit at each wheel.

Exploded engineering and schematic drawings of this truck are provided in 
Figures A l.3 .1  and A l.3.2.
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A1.3: POWERED GSI-G70 TRUCK FOR LIRR M3 MU CAR (continued)

Figure A1.3.1 GSI Truck for Budd M3 for Long Island RR - exploded view
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A1.3: POWERED GSI-G70 TRUCK FOR LIRR M3 MU CAR (continued)

Figure A1.3.2 GSI Truck for Budd M3 for Long Island RR - schematic
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A1.3: POWERED GSI-G70 TRUCK FOR LIRR M3 MU CAR (continued) 

A1.3.1.2 Basic Truck Data

Track Gauge 1435 mm (56.5 in)

Wheel Base : 2591mm (102 in)

Wheel Diameter : 813 mm (32 in)

Bolster Bowl Diameter : 559 mm (22 in)

Truck Rotational
Break Out Torque : Not Available

Design Load
(Top of bolster bowl) : Not available

Total Truck Weight : 80.1 kN (18000 lbf)

Brake Type : WABCO 26C-CS2 -Disc 
Sab - Tread brake

Motor : GE1261B1 (DC 4 pole)

Gear Box GA 56F3 
Double Reduction 
Parallel Drive

Gear box supported on one end by direct 
connection to the axle and on the other end by a 
cushioned link to the truck frame. The traction 
motor is resiliently supported on the coupling end to 
the gear box. The motor frame is supported by 
trunnions to the gear case and by cushioned rods to 
the gear case housing.
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Al.3.1.3 Truck Center of Gravity, Mass and Moment of Inertia

Component
Description

Number
of

Components
Mass

kg(lbf sec2/in)
Center of Gravity Location

mm (in)
Moment of Inertia

kg mm2xl08(lbf insec2xl03)

X Y Z
Wheel & Axle 
Set

2 2225 (12.7) 1295.4 (±51.00) 0.0 406.4 (16.0) 3.8 (3366) 0.04 (31) 3.8 (3366)

Truck Frame 1 1270 (7.25) 0.0 0.0 649.7(25.58) 5.0 (4440) 17.1 (15138) 21.5 (18976)

Bolster 1 862 (4.92) 0.0 0.0 711.2(28.0) 6.4 (5636) 0.36 (320) 6.6 (5824)
Equalizer Bar 2 391 (2.23) 0.0 582.7(±22.94) 365.8 (14.4) 0.09 (77) 1.6 (1419) 1.5 (1343)
Motor 2 1270 (7.25) 807.7 (±31.8) 0.0 440.7 (17.35) * + * *** ***
Gear Box 2 908 (5.18) 1295.4 (±51.0) 121.9 (±4.8) 406.4 (16.0) *** *** ***
Tread Brake 
Unit

4 249 (1.42) ** + ♦  ** ** + *** ♦  ** ***

Primary Spring 4 sets 228 (1.30) 723.9 (±28.5) 582.7 (±22,94) 487.7 (19.2) *** *** ***
Secondary 
Vertical Damper

2 91 (0,52) ** + *** *** *** *♦ * ** +

Secondary 
Lateral Damper

2 91 (0.52) *** ♦  ** *** *** *** ***

Anchor Rod 2 68 (0.39) * + + *** *♦ * *** *♦ * ***
Air Spring Assy. 2 210(1.20) 0.0 1016.0 (±40.0) 990.6 (39.0) *** + ♦ * ***

— Not applicable to this truck, or value not estimated 
*** Value required, but not available or estimated
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Al.3.1.4 Truck Suspension Parameters 

Al.3.1.4.1 Primary Suspension:

Component StifTness 
N/mm (lb/in)

Longi
tudinal Lateral Vertical

Damping Rates
N sec/mm(lbf sec/in)

Longi
tudinal Lateral Vertical

Clearance and Travel Tolerances 
mm (in)

Longi
tudinal Lateral Vertical

Individual Springs

- Inside
- Outside

Double Coil Spring 
Set

*** *** 5290
1 

1 
l 

l 
< 

l 
1 

l 
l

l 
1 

l 
l 

1 
l 

l 
l 

l

l 
l 

1 
l 

l 
l 

l 
l 

l * * *  *** ***

—  Not applicable to this truck, or value not relevant 
*** Value required, but not available or estimated
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A 1.3.1.4.2 Secondary Suspension:

Component Stiffness N/mm(lbj/in.) Damping Rates N sec/mm(lbf sec/in.)

Longitudinal Lateral Vertical Longitudinal Lateral Vertical

Air Spring — — 540.5 (3085) 
Loaded 

356.3 (2033)

— —

Empty
Lateral Bumper 
(Bolster/car)

. . . ***

Vertical Shock — — — — ♦ Monroe
Absorber 80141 *♦ ♦

Lateral Shock — — — ♦ Monroe
Absorber 70073 ♦ **

Center Pivot . . . . . . . . . . . . —

Anchor Assembly *** . . . . . . . . . . . .

Component Clearance & Travel Tolerances mm(in.) Torque or Friction Force

Longitudinal Lateral Vertical Longitudinal Lateral Vertical

Spring 
Side Bearing

4.76 (3/16) . . . . . .

Lateral Bumper 
(Bolster/car)

— — —

Vertical Shock 
Absorber

— — *** —

Lateral Shock 3.175(±l/8) — — —

Absorber . . .  ■

Center Pivot . . . . . . . . . ♦ ♦ ♦ (Torque about vertical axis)

Anchor Assembly *** . . . . . .

♦ Manufacturer and part number 
— Not applicable to this truck, or value not relevant 
*** Value required, but data not available or estimaed
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A1.3: POWERED GSI-G70 TRUCK FOR LIRR M3 MU CAR (continued)

A1.3.1.5 Narrative Description of Load Path

A1.3.1.5.1 Longitudinal

This load path beginning at the car body goes through the traction rods at each side of the 
car, then to the truck bolster, through the bolster to its center pin, then to the frame, then 
to the pedestal liners to the journal bearing housings.

A1.3.1.5.2 Lateral

The lateral load passes from the car body to the air springs, to the truck bolster, to the 
center pin, to the truck frame, to the equalizer springs to the equalizer beam, to the journal 
bearing housings. If motion is excessive, stops between the car body and the truck bolster 
engage.

A1.3.1.5.3 Vertical

The vertical load passes from the car body to the secondary air springs, to the truck 
bolster, through this bolster to the frame center pin to the equalizer spring packs, to the 
equalizer beams, to the top of the journal bearing housings.

A1.3.1.6 Wheel Profile Drawing

AARB-32
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A1.3: POWERED GSI-G70 TRUCK FOR LIRR M3 MU CAR (continued)

A1.3.2 Operating Environment and Operating Experience Data 

A1.3.2.1 Background Information/Car Series

Operator : Long Island RR

Type o f Car Commuter, EMU

Name of Car Series M3

Number in Service : 174

Date(s) put into Service : 1985

Manufacturer of Car BUDD

Type o f Truck 
(Volpe/ADL designation)

: 32i - P2

Truck Manufacture and GSIG70 GSI Drawing 35765
Model

A1.3.2.2 Operating and Route Data

These cars are operated on the electrified portion of the Long Island Railroad in short and 
medium-distance commuter service (30-60 miles total journey length) between New York 
City and points on Long Island. Speeds are typically up to 127 km/h (79 mph) with 
occasional operation up to 160 km/h (100 mph). Very similar cars are operated in similar 
service by Metro-North Commuter Railroad, New Jersey Transit and Southeast 
Pennsylvania Transportation Authority.

Train Lengths Operated : Up to 10 cars

Braking Patterns 
(Friction/Dynamic) Typical of short and medium-distance commuter 

operations with stops at 3-10 mile intervals.
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A1.3: POWERED GSI-G70 TRUCK FOR LIRR M3 MU CAR (continued)

A1.3.2.3 Track System Data

FRA Track Class : LIRR Electrified System

- Main

- Sidings and Yard

Approximate Percentage of :
Welded & Jointed Rail

Rail-Tie Fastener System

Curvature Data

- Average/Typical : 
Curvature on Main
Track

- Maximum Curvature on : 
Track

- Approximate Percentage : 
of Curved and Tangent 
Main Track

- Typical Spiral Length : 
Relative to AREA 
Recommendations

- Typical Curve Radius 
in Yard and Siding 
Tracks

- Minimum Curve Radius 
in Yards and Sidings

- Typical Turnout Size 
(Area Number)

Mainline
Yard
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A1.3: P O W E R E D  GSI-G70 T R UCK FOR LIRR M3 M U  C A R  (continued)

A 1 .3.2.4 M aintenance and Service  Experience

Regular Servicing and Inspection :
Schedules

Rationale for Maintenance Schedules :

Average or Typical Intervals 
(time or miles) between Maintenance 
Action or Component Replacement

Information on any Unusual 
Problems with Truck

Information on the Maintainability 
o f the Truck

Information on the Operator's 
Experience with the Truck
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A1.3: P O W E R E D  GSI-G70 T R U C K  FOR LIRR M3 M U  C A R  (continued)

A1.3.3 Engineering Data on Railroad  P asse n ge r C a rs and Car-Truck
In te rface

A 1 .3.3.1 General Description  of C ar

The car is a single level electrically-powered commuter multiple unit car, using a third rail 
D C  power supply. The carbody is welded stainless steel. M iscellaneous car equipment 
including electric traction controls, H V A C  equipment and brake equipment are mounted 
under the car floor. In  addition to the Long bland application, sim ilar M U  cars using the 
same truck are operated by other northeastern U.S. commuter railroads.

A 1 .3.3.2 Car and C arbody Data

Overall Dimensions

Length (over coupler faces) 25.9 m (85 ft)

W idth 3.25 m (10.7 ft)

Height
(from top of rail)

3.95 m (12.9 ft)

Truck Center Spacing 18.14 m (59.5 ft)

Car W eight
- Ready to Run 500 k N (112400 lbf)

- W ith maximum load 580 k N (131000 lbf)

M ass of carbody (without trucks) 
(ready to run) 36440 kg (3273 lbf-sec2/ft)

Radius o f gyration

Roll 1.55 m (5.1 ft) (Est)

Pitch 7.50 m (24.6 ft) (Est)

Yaw 7.50 m (24.6 ft) (Est)

Center o f gravity of carbody 
(from top of rail) 1.50 m (4.9 ft) (Est)

Carbody natural frequency 
(first vertical bending mode) 6-6.5 H z (Est)
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A1.3: P O W E R E D  GSI-G70 T R UCK FOR LIRR M3 M U  C A R  (continued)

A 1 .3.3.3 C arbody to Truck Interface

The carbody rests on two airsprings per truck, situated at the outer ends o f the truck 
bolster. The longitudinal connection between the truck and the carbody is provided by 
laterally spaced longitudinal anchor rods between the carbody and the truck bolster. Two 
lateral and two vertical dampers also connect the truck bolster to the carbody.

Specific dimensions are as follows:

Lateral spacing o f airsprings 2.03 m (6.7 ft)

Lateral spacing of secondary 
vertical dampers 2.88 m (9.5 ft)

Lateral spacing of anchor rods 2.81 (9.3 ft)

Height o f anchor rods 
above top of rail 0.50 m (1.6 ft)
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A1.4: B U C K E Y E /G S I-G 7 0  F O R  A M T R A K  S U P E R L IN E R  II B I-L E V E L  C A R

A1.4.1 Engineering Data

A 1 .4.1.1 Narrative Description  of T ruck D esign

Truck Classification 32e

General Characteristics : This is an unpowered, rigid frame, outside journal 
bearing, equalizer beam design using a bolster with a 
center pin arrangement. W heel alignment is provided by 
the pedestal guides for the journal bearing housings.

Frame A  cast steel H  frame is used with a center hole and side 
bearing to accommodate the truck bolster.

Suspension System

-  Primary : The primary suspension is two coil spring packs 
between each equalizer and one side o f the truck frame. 
Dampers are not used. Longitudinal and lateral 
wheelset restraint is provided by the pedestal guides.

-  Secondary : The secondary suspension is two co il spring packs 
used between the truck bolster and the car underframe. 
A t each side o f the car a lateral shock absorber and a 
vertical shock absorber are connected between the end 
of the truck bolster and the car body for a total o f four 
secondary shock absorbers per truck.

Propulsion System : N /A

Braking System : Tw o disks per axle plus one tread brake per wheel.

Exploded engineering and schematic drawings of this truck are provided in 
Figures A l.4.1  and A l.4.2.
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A1.4: BUCKEYE/GSI-G70 FOR A M T R A K  SUPERLINER II BI-LEVEL CAR
(continued)

Figure A1.4.1 G S I Truck for Am trak Superiiner II - exploded view
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A1.4: BUCKEYE/GSI-G70 FOR A M T R A K  SUPERLINER II BI-LEVEL C A R
(continued)

Figure A1.4.2 G S I Truck for Am trak Superliner II - schem atic



A1.4: BUCKEYE/GSI-G70 FOR A M T R A K  SUPERLINER II BI-LEVEL C A R
(continued)

A 1 .4.1.2 B a s ic  Truck Data

Track Gauge : 1435 mm (56.5 in)

W heel Base 2591 mm (102 in)

Wheel Diameter 914 mm (36 in)

B  olster Bow l Diameter Approximately 
305 mm

(12 in)

Truck Rotational 
Break Out Torque : Not Available

Design Load
(Top of bolster bowl) : 296 k N  (66500 lbf)

Total Truck W eight : Approximately 97.9 k N  (22000 lbf)

Brake Type 2 disk brakes per axle 
1 tread brake per wheel

Motor : None

Gear Box : None
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Al.4.1.3 Truck Center of Gravity, Mass and Moment of Inertia

C o m p o n e n t N u m b e r M a s s C e n t e r  o f  G r a v i t y  L o c a t i o n M o m e n t  o f  I n e r t i a
D e s c r ip t i o n o f k g m m  ( in ) k g  m m 2x l 08( lb f in  s e c 2x l 03)

C o m p o n e n t s ( l b f s e c 2/ in )

X Y Z 1*
W h e e l  &  A x le  
S e t

2 4 0 8 5 .4  (2 3 .3 2 ) 1 2 9 5 .4  (5 1 .0 0 ) 0.0 4 5 6 .2  (1 8 .0 0 ) 9 .9 4  (8 7 9 8 ) 0 .1 3  (1 1 6 ) 9 .9 4  (8 7 9 8 )

T r u c k  F ra m e 1 2 2 2 3 .2  (1 2 .6 9 ) 0.0 0.0 7 0 8 .4  (2 7 .8 9 ) 1 5 .3  ( 1 3 5 2 0 ) 1 2 .6 ( 1 1 1 8 2 ) 2 6 .9  (2 3 7 9 4 )

B o ls te r 1 9 0 7 .5  (5 .1 8 ) 0.0 0.0 6 7 3 .1  (2 6 .5 ) 4 .9 7  (4 3 9 6 ) 0 .2 8  (2 4 9 ) 5 .1 3  (4 5 4 2 )

E q u a l iz e r  B a r 2 o u ts id e 3 8 5 .4  (2 .2 ) 0.0 1 1 2 7 .8 ( 4 4 .4 ) 3 7 6 .9  (1 4 .8 4 ) 0 .0 9  (7 8 ) 1 .1 5  (1 0 1 6 ) 1 .0 6  (9 3 9 )
2 in s id e 3 8 5 .4  (2 .2 ) 0.0 9 6 7 .7  (3 8 .1 ) 3 7 6 .9  (1 4 .8 4 )

M o to r — — — — — — . . . . . .

G e a r  B o x — — — — — — . . .

T re a d  B ra k e 4 2 7 1 .5  ( 1 .5 5 ) * * * * * * * * * * * * * * * * * *
U n it
D is k  B ra k e s /  
B ra c k e ts

4 7 7 0 .8  (4 .4 )

P r im a ry  S p r in g 4 3 3 9 .9  (1 .94 ) * * * * + * * * * * *  + * * * * * *

S e c o n d a ry
V e r tic a l
D a m p e r

2 6 8 .3 2  (0 .3 9 ) * * * * * * * * * + ** * * * * *  +

S e c o n d a ry  
L a te ra l  D a m p e r

2 1 6 2 .9  (0 .9 3 ) * + * ♦  ** * * * * * * **♦ * * *

A n c h o r  R o d 2 1 0 3 .4 ( 0 .5 9 ) * * * * * * * * * **♦ * * *

C o il  S p r in g  
A s s y  P a c k .

2 * * * * * * * * * **♦ * * * * * * + **

—  N o t a p p lic a b le  to  th is  t ru c k , o r  v a lu e  n o t  r e le v a n t  
* * *  V a lu e  re q u ir e d ,  b u t  n o t  a v a i la b le  o r  e s t im a te d
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Al.4.1.4 Truck Suspension Parameters
Al.4.1.4.1 Primary Suspension:

Component Stiffness
N/mm (lb/in)

Longi
tudinal Lateral Vertical

Damping Rates
N sec/mm(lbf sec/in)

Longi
tudinal Lateral Vertical

Clearance and Travel Tolerances
mm (in)

Longi
tudinal Lateral Vertical

Individual Springs

- Inside
- Outside

Double Coil Spring 
Set

Total
1795 (10244) 

*** *** per Journal

1 
1 

1 
1 

1 
1

I 
I 

1

I
I

I
 

■ 
I

I
I

 
i

I
I

 
1 

1

i
l

l
 

1
I

I
I

 
1 

I
I

I
 

1 * **  *** ***

—  Not applicatle to this truck, or value not relevant 
*** Value required, but not available or estimated
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l-48

A 1.4.1.4.2 Secondary Suspension:

Component Stiffness N/mm(lbf/in.) Damping Rates N sec/mm(lbf sec/in.)
Longitudinal Lateral Vertical Longitudinal Lateral Vertical

Coil Spring . . . 656 (3744) *** . . .

Lateral Bumper 
(Bolster/car)

. . . *** . . . . . .

Vertical Shock 
Absorber

— — . . .

Lateral Shock 
Absorber

. . . . . . . . . ***(tt)

Center Pivot . . . . . . . . . . . .

Anchor Assembly *** . . . . . . . . .

Component - Clearance & Travel Tolerances mm(in.) Torque or Friction Force
Longitudinal Lateral Vertical Longitudinal Lateral Vertical

Coil Spring — . . . *** . . .

Lateral Bumper 
(Bolster/car)

— 12.7 (0.5) — —

Vertical Shock 
Absorber

— — *** —

Lateral Shock 
Absorber

— *** — —

Center Pivot . . . — . . . *** (Friction torque about vertical axis)

Anchor Assembly *** . . . . . . . . .

• Two Monroe 70148 450/truck
f t  Two Monroe 70147 600/truck 
— Not applicable to this truck, or value not relevant 
*** Value required, but not available or estimated
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A1.4: BUCKEYE/GSI-G70 FOR A M T R A K  SUPERLINER II BI-LEVEL CAR
(continued)

A 1 .4.1.5 Narrative D escrip tion  of Load Path

A 1 .4.1.5.1 Longitudinal

The longitudinal load path beginning at the car body bolster anchor rod supports goes 
through the anchor rods, then to the outer position of the truck bolster, then to the center 
pin location o f the truck frame, then to the pedestal liners to the journal bearing housing.

A 1 .4.1.5.2 Lateral

The lateral load path beginning at the car body to secondary springs interface then goes to 
the truck bolster, to the frame center pin, to the frame, to the equalizer springs, to die 
equalizer and then to the journal bearing housing. Pedestal lim its lateral movement 
between wheelset journal and truck frame.

A 1.4.1.5.3 Vertical

The vertical load path beginning at the car body to secondary spring interface goes 
through the secondary springs to the truck bolster, then to the side bearings and through 
to the frame, then to die primary equalizer springs, then to the equalizer and then to the 
journal bearing housing.

A1.4.1.6 W heel Profile

1/20 wheel conicity
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A1.4.2 O p era tin g  Environment and Operating Experience Data 

A1.4.2.1 Background Information/Car Series

Operator AMTRAK

A1.4: BUCKEYE/GSI-G70 FOR AMTRAK SUPERLINER II BI-LEVEL CAR
(continued)

Type of Car Long Distance Intercity Car (transcontinental services)

Name of Car Series : Superliner II

Number in Service : 128

Date(s) put into Service : 1993-95

Manufacturer of Car : Bombardier

Type of Truck : 
(Volpe/ADL designation)

32e

Truck Manufacture and : GSI Arrangement G36500
Model

A1.4.2.2 Operating and Route Data

Superliner II cars fitted with the GSIG70 outside frame truck are primarily used on 
Amtrak's long-distance western routes between the mid-west and west coast destinations. 
Most operations are limited to 79 mph by the lack of automatic train-control (ATC), but 
speeds of 90-100 mph are attained in some locations where train control is available.

Train Lengths Operated : Up to 20 cars, including Superliner bilevel and single 
level equipment.

Braking Patterns 
(Friction/DynamiC)

Friction braking on train. Dynamic braking on 
locomotive for speed control. Long distance service 
with widely-spaced stops, typically 1-3 hours apart. 
Many routes have long downgrades where locomotive 
dynamic brakes are used with the train friction brakes to 
hold safe speed.
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A1.4.2.3 Track System Data

FRA Track Class

- Main : Class 4 or 5 on most routes

A1.4: BUCKEYE/GSI-G70 FOR AMTRAK SUPERLINER II BI-LEVEL CAR
(continued)

- Sidings and Yard Class 1 or 2

Approximate Percentage of 
Welded & Jointed Rail

Variable mix of welded and jointed rail

Rail-Tie Fastener System : Principally cut spikes on wood ties

Curvature Data

- Average/Typical : 
Curvature on Main 
Track

Typically in the range 1-4°

- Maximum Curvature on : 
Track

10° on main line

- Approximate Percentage : 
of Curved and Tangent 
Main Track

Highly variable by route, especially between 
plains and mountains

- Typical Spiral Length : 
Relative to AREA 
Recommendations

Variable

- Typical Curve Radius : 
in Yard and Siding 
Tracks

Down to 76 m (250 ft)

- Minimum Curve Radius 
in Yards and Sidings

76 m (250 ft)

- Typical Turnout Size 
(AREA Number)

Main line : AREA Nos. 8 ,10  and above

Yard : AREA No. 6
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A1.4: BUCKEYE/GSI-G70 FOR AMTRAK SUPERLINER II BI-LEVEL CAR
(continued)

A1.4.2.4 Maintenance and Service Experience

Regular Servicing and Inspection : 
Schedules

Rationale for Maintenance Schedules :

Average or Typical Intervals

(time or miles) between Maintenance 
Action or Component Replacement

Information on any Unusual 
Problems with Truck

Information on the Maintainability 
of the Truck

Information on the Operator's 
Experience with the Truck

Routine servicing done for wheels, 
brakes, shims, lubrication, etc.

Expect excellent service life with six year 
overhaul period to be established by 
FRA rules for friction brake system.

Overhaul expected at about one million 
miles.

None. This design is based on similar 
designs used on earlier single level 
AMTRAK cars.

Maintenance is routine as it is the same 
as that required for other similar GSI or 
Buckeye designs.

Good experience on Superliner n  with 
very minimum wear shown.
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A1.4: BUCKEYE/GSI-G70 FOR AMTRAK SUPERLINER II BI-LEVEL CAR
(continued)

A1.4.3. Engineering Data on Railroad Passenger Cars and Car-Truck 
Interface

A1.4.3.1 General Description of Car

The Rockwell G70 outside frame truck is applied to Amtrak's Superliner II bilevel long
distance cars. The cars have a full length upper level and a shorter lower level between 
the trucks. Miscellaneous equipment such as braking, HVAC and toilet systems are 
housed in the space above the trucks and below the upper level. The cars are being built 
over the period 1993-1995, for use in long distance services in the western part of the 
U.S., and between Washington DC and Florida. The G70 outside frame truck is also 
applied to the Horizon and Viewliner series of Amtrak single level cars, and to bilevel cars 
being purchased by the California Department of Transportation.

A1.4.3.2 Car and Body Data

Overall Dimensions
Car Length 
(over coupler faces)

25.91 m (85.0 ft)

Width 3.10 m (10.2 ft)

Height (from top of rail) : 4.92 m (16.1 ft)

Truck Center Spacing 
Car Weight

Ready to Run : 
With maximum load :

18.14 m

672 to 719 kN 
719 to 757 kN

(59.5 ft)

(151000 to 161500 lbf) 
(161500 to 170200 lbf)

Note: the weight range covers the different versions of this car: sleepers, diners and 
coach cars.

Mass of carbody
(without trucks) (ready to run) :

Radius of gyration about center of gravity 
RoU 
Pitch
Yaw :

Center of gravity of carbody 
(from top of rail) :

Carbody Natural Frequency 
(first vertical bending mode) :

48535-53298 kg (3323-3741 lb-sec2/ft)

2.00 m (6.7 ft) Est
7.57 m (24.8 ft) Est
7.57 m (24.8 ft) Est

2.20 m (7.5 ft) Est

8.0-8.5 Hz (Est)
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A1.4: BUCKEYE/GSI-G70 FOR AMTRAK SUPERLINER II BI-LEVEL CAR
(continued)

A1.4.3.3 Car Body to Truck Interface

The carbody rests on two steel coil springs at each truck which rest on the truck bolster. 
The longitudinal connection between the truck and the carbody is via two laterally spaced 
longitudinal anchor rods between the carbody and the truck bolster. Secondary vertical 
dampers are provided in parallel with the cant springs.

Specific dimensions are as follows:

Lateral spacing of coil spring : 2.18 m (7.17 ft)

Lateral spacing of anchor rods 2.72 m (8.92 ft)

Height of anchor rods
above top of rail 0.48 m (1.58 ft)



A1.5: WAGGON UNION MD-76 FOR AMTRAK SUPERLINER I BI-LEVEL 
CAR

A1.5.1 Engineering Data

A1.5.1.1 Narrative Description of Truck Design

Truck Classification : 41e

General Characteristics : This is an unpowered rigid frame, outside journal 
bearing design with an inside swing hanger 
secondary. Axle alignment is provided by rubber- 
metal leaf guiders connected between the axle 
bearings and the frame.

Frame The frame is a fabricated doubled cross beam 
design with limited torsional elasticity. The frame 
supports the spring plank through links.

Suspension System

-  Primary : The primary suspension uses coil springs located 
on top of the axle bearing housing with parallel 
hydraulic dampers on all four of these bearings. 
1116 axle is located in the longitudinal and lateral 
direction by horizontal leaf-spring guides.

-  Secondary : The secondary vertical suspension uses air springs 
with hydraulic dampers. Swing hangers and lateral 
hydraulic dampers provide the lateral suspension

Propulsion System : N/A

Braking System : Disc brakes, 2 per axle

Exploded engineering and schematic drawings of this truck are provided in 
Figures A l.5.1 and Al.5.2.
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A1.5: WAGGON UNION MD-76 FOR AMTRAK SUPERLINER I BI-LEVEL
CAR (continued)

Figure A1.5.1 Waggon Union MD76 for Amtrak Superliner 1 - exploded view
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A1.5: WAGGON UNION MD-76 FOR AMTRAK SUPERLINER I BI-LEVEL
CAR (continued)

Figure A1.5.2 Waggon Union MD76 for Amtrak Superliner I - schematic
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A1.5.1.2 Basic Truck Data

A1.5: WAGGON UNION MD-76 FOR AMTRAK SUPERLINER I BI-LEVEL
CAR (continued)

Track Gauge : 1435 mm (56.5 in)

Wheel Base : 2600 mm (102.4 in)

Wheel Diameter : 914 mm (36.0 in)

Bolster Bowl Diameter : 508 mm (20 in)

Truck Rotational
Break Out Torque : Not available

Design Load
(Top of bolster bowl) :

292 kN (66,000 lbf) minimum (est)

Total Truck Weight : 85.65 kN (19246 lbf)

Brake Type : Two disc brakes per axle

Motor : N/A

Gear Box : N/A
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Al-59

Al.5.1.3 Truck Center of Gravity, Mass and Moment of Inertia

Component
Description

Number
of

Components
Mass
kg

(lbj-secVin)
Center of Gravity Location

mm (in)

X Y Z

Moment of Inertia
kg mm2xl08(lbfin sec2xl03)

Lv
Wheel & Axle 
Set

1 1921.9 (10.97) 1300.0 (51.0) 0.0 457.2 (18.0) 5.9 (5226) 0.06 (49) 5.9 (5226)

Truck Frame 1 988.1 (5.64) 0.0 0.0 827.8 (32.59) 7.1 (6301) 5.3 (4711) 12.4 (10927)
Bolster 1 727.1 (4.15) 0.0 0.0 559.1 (22.01) 2.8 (2442) 0.28 (252) 2.9 (2541)
Equalizer Bar — — — — — — — —

Motor — . . . . . . . . . — — — —

Gear Box — — — . . . — — — —

Tread Brake 
Unit

. . . . . . . . . . . . . . . . . . . . . . . .

Disc Brakes 4 907.5 (5.18) *** *** *** *** *** **♦
Primary Spring 4 sets 362.7 (2.07) *** *** *** *** *** + + *
Secondary
Vertical
Damper

2 68.3 (0.39) *** *** *** ++* * + ♦ ***

Secondary 
Lateral Damper

2 *** **♦ *** * + * +** *** ***

Anchor Rod 2 *** *♦* *♦* *♦* + + ♦ *** ***
Air Spring 
Assembly

2 182.2 (1.04) *** *♦* *** *** **♦

—  N ot applicable to this truck, or value not relevant 

* * *  V a lu e  required, but not available or estimated

A1.5: 
W

AGGON UNION M
D-76 FOR AM
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Al.5.1.4 Truck Suspension Parameters 
Al.5.1.4.1 P rim ary Suspension:

Component Stiffness 
N/mm (lb/in)

Longi
tudinal L ateral Vertical

Damping Rates
N sec/mm(lbf sec/in)

Longi
tudinal L ateral Vertical

C learance and Travel 
Tolerances mm (in)

Longi
tudinal L ateral Vertical

Individual Springs

- Inside
- Outside

Double Coil Spring 
Set

*** 8.3X103 1.35xl03 
(44.7xl03) (7.27xl03)

(per wheel 
figures)

12.5 1.51 
(70) (84)

(per wheel 
figures)

*** *** ***

— Not applicable to this truck, or value not relevant 
*** Value required, but not available or estimated 
Note: Data taken from Reference 3
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Al.5.1.4.2 Secondary Suspension:
A1.5: 
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A1.5: W AGGON UNION MD-76 FOR AM TRAK SU PERL IN ER  I BI-LEVEL
CAR (continued)

A1.5.1.5 Narrative Description of Load Path

A1.5.1.5.1 Longitudinal

T he longitud in al force from  th e car bod y is  transm itted to  th e truck b o lster through a 
center p in . T he b o lster transm its th is force to the fram e through rods on  the ou tsid e o f  the 
fram e w hich  in  turn is  con n ected  b y  le a f gu iders to  each  a x le  bearing h ou sin g . A t h igh  
force lev e ls  force can  a lso  b e transm itted from  the b o lster d irectly  to  the fram e through  
travel stop s.

A1.5.1.5.2 Lateral

T he car body to truck b o lster lateral force is  through th e cen ter p in . T he force con tin u es 
through the secondary su sp en sion  to  the spring plank that m o v es on  its  pendulum  
supports and transm its fo rce  to  th e truck fram e and fin a lly  to  th e ax le  bearings. L ateral 
dam ping is  u sed  betw een  th e b o lster  and the fram e.

A1.5.1.5.3 Vertical

T he car body rests on  th e truck b o lster at the cen ter p in . L oad  is  distributed a lon g  th e  
bolster to  the secon d ary air sp rin gs and then to  th e spring p lan k  and its  support hangers 
that are suspend ed from  the fram e. T he fram e is  supported  b y  sp rin gs supported on  top  o f  
the a x le  bearing h ou sin g .
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A1.5.2. Operating Environment and Operating Experience Data 

A1.5.2.1 Background Information/Car Series

A1.5: W AGGON UNION MD-76 FOR AM TRAK SU PERLIN ER  I BI-LEVEL
CAR (continued)

Operator A M TR A K

T yp e o f  C ar : L ong D istan ce Intercity (transcontinental 
serv ices)

N am e o f  C ar S eries : Superliner I

N um ber in  S erv ice : 2 8 2

D ate(s) put in to  S ervice : 1 9 7 8 -1 9 8 1

M anufacturer o f  Car : Pullm an-Standard

T yp e o f  T ruck  
(V olp e/A D L  d esignation)

: 4 1 e

T ruck M anufacture and 
M odel

: W aggon  U n ion  (N ew  Y ork  A ir B rake as 
L icen see) M D -76

A1.5.2.2 Operating and Route Data

Superliner I cars fitted  w ith  the M D 76 truck are prim arily u sed  on  A m trak's lon g-d istan ce  
W estern  rou tes b etw een  the m id -w est and w est co a st d estin ation s. M ost op eration s are 
lim ited  to  7 9  m ph b y the lack  o f  autom atic train con tro l, but sp eed s o f  9 0 -1 0 0  m ph are 
attained in  so m e loca tion s w here train control is  availab le.
Train L engths O perated : U p to  2 0  cars, in clu d in g  Sup erlin er cars, and sin g le  

lev e l equipm ent

B raking Patterns 
(F riction /D yn am ic)

L on g-d istan ce serv ice  w ith  w id ely -sp a ced  stop s, 
typ ica lly  1-3 hours apart. M any routes h ave lo n g  
dow ngrades w h ere lo co m o tiv e  dynam ic brakes are 
used  w ith  train brakes to  h o ld  sa fe  sp eed .
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A1.5.2.3 Track System Data

F R A  Track C lass
- M ain : C lass 4  or 5  on  m o st routes

A1.5: W AGGON UNION MD-76 FOR AM TRAK SU PER L IN ER  I BI-LEVEL
CAR (continued)

- S id in gs and Y ard : C lass 1 or 2
A pproxim ate P ercentage o f  : 
W elded &  Jointed R ail

V ariable m ix  o f  w eld ed  and jo in ted  rail

R ail-T ie Fastener S ystem  : 
Curvature D ata

P rin cip ally  cu t sp ik es on  w ood  tie s

- A verage/T ypical : 
Curvature on  M ain Track

T yp ica lly  in  th e range 1-4°

- M axim um  Curvature on  : 
Track

10° on  m ain lin e

- A pproxim ate P ercentage : 
o f  C urved and T angent 
M ain Track

H igh ly  variab le b y  route, e sp ec ia lly  b etw een  
p la in s and m ountains

- T yp ica l Spiral L ength : 
R elative to  A R E A  
R ecom m endations

V ariable

- T yp ica l C urve R adius : 
in  Yard and S id in g  
Tracks

D ow n  to  76m  (2 5 0  ft)

- M inim um  C urve R adius : 
in  Y ards and S id in gs

76m  (2 5 0  ft)

- T yp ica l Turnout S ize  
(A R E A  N um ber)

M ain lin e : A R E A  N o s. 8 ,1 0  and a b ove
Yard : A R E A  N o . 6

A1.5.2.4 Maintenance and Service Experience

R egular S ervicin g  and In sp ection  : T hree years fo r  h eavy  overhaul.
S ch ed u les S erv icin g  on  rou tin e b asis.
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A1.5: W AGGON UNION MD-76 FOR AM TRAK SU PERL IN ER  I BI-LEVEL
CA R  (continued)

R ationale fo r  M aintenance S chedules : Provide an accep tab le fa ilu re rate.

A verage or T y p ica l Intervals : 
(tim e or m ile s) betw een  M aintenance 
A ction  or C om ponent R eplacem ent

5 0 0 ,0 0 0  m ile s  ty p ica l.

In form ation  on  an y U nusual : 
P roblem s w ith  T ruck

A  w id e range o f  prob lem s in itia lly  that 
w ere corrected  b y  the m anufacturer.

Inform ation on  the M aintainability : 
o f  the T ruck

L ea f gu id er requires adjustm ent. S everal 
w earing and p iv o tin g  su rfaces n eed  
attention.

In form ation  on  the O perator's : 
E xp erien ce w ith  the Truck

E xperience has b een  a shorter overhaul 
period than trucks b ased  on  p reviou s 
U .S . d e sig n s .
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A1.5: W AGGON UNION MD-76 FOR AMTRAK SU PERL IN ER  I BI-LEVEL
CAR (continued)

A1.5.3 Engineering Data on Railroad Passenger Cars and Car-Truck 
Interface

A1.5.3.1 General Description of Car

T h e M D 76 truck is  app lied  to  A m trak's Superliner I b ilev e l lon g -d ista n ce  cars. T he cars 
h ave a fu ll len gth  upper le v e l and a shorter low er le v e l b etw een  th e trucks. M iscellan eou s  
equipm ent such  as braking, H V A C  and to ile t system s are h ou sed  in  the sp ace ab ove the 
trucks and b elo w  the upper le v e l. T he cars w ere b u ilt over th e period  1 9 7 8 -1 9 8 2 , and are 
u sed  in  lo n g  d istan ce se rv ice s in  th e w estern  part o f  the U .S .
A1.5.3.2 Car and Carbody Data

O verall D im en sion s
C ar L ength (over cou p ler fa ces) 
W idth
H eigh t (from  top o f  rail)

2 5 .9 1  m  
3 .1 0  m  
4 .9 2  m

(8 5 .0  ft) 
(1 0 .2  ft) 
(1 6 .1  ft)

Truck C enter Spacing 1 8 .1 4  m (5 9 .5  ft)
T otal Car W eight 

R eady to  Rim  
W ith m axim um  load

6 7 0  k N  
7 3 0  k N

(1 5 1 ,0 0 0  lb f) 
(1 6 4 ,8 0 0  lb f)

M ass o f  carbody (w ith ou t trucks) 
(ready to  run) 5 0 8 3 8  k g (3 4 8 0  lb -sec2/ft)
R adius o f  gyration  

R oll 
Pitch  
Y aw

2 .0 0  m
7 .5 7  m
7 .5 7  m

(6 .7  ft) (E st) 
(2 4 .8  ft) (E st) 
(2 4 .8  ft) (E st)

C enter o f  gravity o f  carbody  
from  top o f  rail 2 .2 0  m (7 .5  ft) (E st)
C arbody natural frequency  
(first vertical bending m od e) 8 .5  H z (E st)

A1.5.3.3 Carbody and Truck Interface

T h e carbody rests on  a cen ter p iv o t and is  secured  to the truck b o lster b y  a large b o lt 
running through the truck and carbody com p on en ts o f  the cen ter p ivo t. E x cess lateral 
rock ing is  con trolled  b y  n on -con tactin g  sidebearers on  th e truck b o lster  at 1 .40  m  (4 -6  ft) 
lateral sp acin g . A nchor rods b etw een  truck and carbody are n o t required:
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A1.6: KAWASAKI TRUCK FOR MBTA BI-LEVEL COMMUTER CAR

A1.6.1. Engineering Data
A1.6.1.1 Narrative Description of Truck Design

T ruck C lassifica tion  

G eneral C haracteristics

Fram e

S u sp en sion  S ystem  
-  Prim ary

-  S econdary

P rop u lsion  &  B raking  
S ystem

4 2 e
T h is truck is  used  w ith  the K A W A S A K I b i-lev e l 
com m uter cars operated b y  M B T A  (B oston  
C om m uter S erv ice). It u ses a  fabricated  H  truck  
fram e and b o lster  w ith  ou tsid e jou rn al bearings.
T he fram e is  o f  w eld ed  stee l and co n sists  o f  tw o  
sid e  beam s o f  b o x  structure and tw o  cro ss b eam s o f  
p ip e structure. T w o sid e  bearings that u se  a sp ec ia l 
resin  are lo ca ted  on  the cross beam s.
T he truck b o lster is  a  w eld ed  b ox  structure that is  
a lso  u sed  as an au xiliary air su p p ly  for th e air 
springs. A  cen ter p iv o t w ith  a n y lo n  brushing  
provid es the in terface b etw een  the fram e and truck  
b olster.

T he prim ary su sp en sion  a lso  p rov id es w h ee l set 
guidan ce b y  u sin g  a radius arm b etw een  th e truck  
fram e and the jou rn al bearing. T he prim ary spring is  
an arrangem ent o f  m u ltip le stee l c o il springs 
supported on  the jou rn al bearing h ou sin g  through a 
rubber pad.
A n air spring secon d ary is  u sed  that con ta in s a 
back-up rubber spring w ith  a T eflo n  sh eet to  operate 
in  em ergen cy  co n d itio n s i f  air is  lo st. T h e air spring  
is  a lso  u sed  to  le v e l the car w ith  varyin g p assen ger  
load . Lateral m ovem en t is  lim ited  b y  rubber stop s  
on the truck b olster. V ertica l m ovem en t is  lim ited  by  
a stop  b etw een  th e b od y  and truck b o lsters. 
D am ping is  provided  for lateral and vertica l m otion  
b y tw o  rotary sh ock  absorbers con n ected  b etw een  
the truck b o lster and th e car b ody.
T h is truck is  u n p ow ered . T w o d isc  brakes are 
m ounted on  each  ax le  and on e tread brake un it is  
m ounted at each  w h eel.

E xp lod ed  en g in eerin g  and schem atic draw ings o f  th is truck are provided  in  
F ig u res A l.6 .1  and A l.6 .2 .
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A1.6: KAW ASAKI TRUCK FOR MBTA BI-LEVEL COM MUTER CAR
(continued)

Figure A1.6.1 Kawasaki Truck for Kawasaki Bi-Level for MBTA - exploded view
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A1.6: KAW ASAKI TRUCK FOR MBTA BI-LEVEL COMMUTER CAR
(continued)

Figure A1.6.2 Kawasaki Truck fo r Kawasaki Bi-Level for MBTA - schematic
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A1.6: KAW ASAKI TRUCK FOR MBTA BI-LEVEL COM M UTER CA R
(continued)

A1.6.1.2 Basic Truck Data

Track G auge :

W h eel B ase  

W h eel D iam eter

B olster B o w l D iam eter :
T ruck R otational 
B reak O ut T orque :

D esig n  Load
(T op o f  bolster b ow l) :

T otal Truck W eight :

B rake T yp e :

1435 m m  (5 6 .5  in )

2591  m m  (1 0 2  in )

9 1 5  m m  (3 6  in )

A pprox. 2 5 4  m m  (1 0  in ) 

N o t A vailab le

6 5 0  k N  (1 4 6 0 0 0  lb f) (E s t )

7 4 .0 9  k N  (1 6 6 5 0  lb f)

T w o d isc  brakes per a x le , o n e  tread brake u n it per 
w h ee l.

M otor 

G ear B o x

N o n e

N o n e

Al-70



Al-71

A l.6 .1 .3  T ru ck  C en ter  o f  G r a v ity , M a ss  a n d  M o m en t o f  In e r tia

C o m p o n e n t
D e s c r ip t i o n

N u m b e r
o f

C o m p o n e n t s

M a s s
k g

(lb f-sec 2/ in )

C e n t e r  o f  G r a v i t y  L o c a t i o n
m m  ( in )

M o m e n t  o f  I n e r t i a
k g  m m 2x l 0 8( l b f i n  se c 2x l 0 3)

X Y z iyy I *
W h e e l  &  A x le  
S e t

1 1 9 2 7 .2 ( 1 1 .0 0 ) 1 2 9 5 .4  (5 1 .0 0 ) 0.0 4 5 7 .2  (1 8 .0 ) 6 .4  (5 6 3 9 ) 0 .0 7  (5 8 ) 6 .4  (5 6 3 9 )

T r u c k  F ra m e 1 1 8 0 1 .0  (1 0 .2 8 ) 0.0 0.0 5 6 3 .4  (2 2 .1 8 ) 1 3 .9  ( 1 2 2 8 9 ) 9 .1  (8 0 1 2 ) 2 1 .9  (1 9 3 9 6 )

B o ls te r 1 6 8 1 .5  (3 .8 9 ) 0.0 0.0 7 2 3 .9  (2 8 .5 0 ) 2 .6  (2 3 3 1 ) 0 .1 4  (1 2 5 ) 2 .7  (2 4 1 7 )

E q u a l i z e r  B a r — — . . . . . . . . . . . . . . . —  .

M o to r — — — . . . . . . . . . . . .

G e a r  B o x — — — . . . . . . . . . . . . . . .

T r e a d  B r a k e  
U n i t  &  D is c

4 5 9 9 .2  (3 .4 2 ) * * * * * * * * * * * * * * * + **

P r im a ry  S p r in g 4 5 0 8 .1  (2 .9 ) * * * * * * * * * *+ * * * *

S e c o n d a ry
V e r t ic a l
D a m p e r

2 7 0 .1  (0 .4 0 ) * * * * * * +** * * *

1

* * * *♦ *

S e c o n d a ry  
L a te ra l  D a m p e r

2 7 0 .1  (0 .4 0 ) * * * *+* * * * * *  + * * * * * *

A n c h o r  R o d 2 8 7 .6  (0 .5 0 ) * * * * * * * * * * * * * * * * * *

A i r  S p r in g  
A s s e m b ly

2 1 7 1 .7  (0 .9 8 ) * * * **+ ♦  ** * * * *♦ * ***

— Not applicable to this truck, or value not relevant 
*** Value required, but not available or estimated
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Al.6.1.4 Truck Suspension Parameters 
Al.6.1.4.1 Primary Suspension:

Component

Longi
tudinal

Stillness 
N/mm (lb/in)

Lateral Vertical

Damping Rates
N sec/mm(lbf sec/in)

Longi
tudinal Lateral Vertical

Clearance and Travel Tolerances 
mm (in)

Longi
tudinal Lateral Vertical

Individual Springs

- Inside . . . . . . . . . . . . . . . . . . . . . . . . . . .

- Outside — . . . . . . . . . . . . . . . . . .  . ... . . .

Double Coil Spring . . . 686.8 (3920) . . . . . . 1.05 (6) . . . . . . ***
Set

Radius Arm *** . . . . . . . . . . . . *** *** . . .

Assembly

— Not applicable to this truck, or value not relevant 
*** Value required, but not available or estimated

A1.6: 
K

A
W

A
SA

K
I T

R
U

C
K

 F
O

R
 M

B
T

A
 B

I-LE
V

E
L C

O
M

M
U

T
E

R
 C

A
R

(continued)



A
l-73

Al.6.1.4.2 Secondary Suspension:

Component

Longitudinal

Stiffness N/mm(lbf/in.) 

Lateral Vertical

Damping Rates N sec/mm(lbf sec/in.) 

Longitudinal Lateral Vertical

Air Spring — *** 550 (3140) . . .

Lateral Bumper — *** — ***
(Bolster/car)

Vertical Shock — — — 45.55 (260)
Absorber

Lateral Shock ___ — — ***
Absorber

Center Pivot . . . . . . . . . . . .

Anchor Assembly *** . . . . . . . . .

Component

Longitudinal

Clearance & Travel Tolerances mm (in.) 

Lateral Vertical

Torque or Friction Force 

Longitudinal Lateral Vertical

Spring — — *** ***
Side Bearing 

Lateral Bumper 25.4 (1.00) 39.9 (1.57) 39.9 (1.57)
(Bolster/car) 

Vertical Shock ***
Absorber 

Lateral Shock ***
Absorber 

Center Pivot ***

Anchor Assembly *♦ *

(rotational friction about vertical axis)

—  Not applicable to tllis truck, or value not relevant
*** Value required, but not available or estimated
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A1.6: KAWASAKI TRUCK FOR MBTA BI-LEVEL COMMUTER CAR
(continued)

A1.6.1.5 Narrative Description of Load Path 

A1.6.1.5.1 Longitudinal

The load path in the longitudinal direction is from the car body to the two bolster anchor 
rods, to the truck bolster, to the center pin, to the truck frame, to the radius rods and then 
to the journal bearing housing.

A1.6.1.5.2 Lateral

The load path in the lateral direction is from the car body to air springs, to the truck 
bolster, to the center pin, to the truck frame, to the radius rods and then to the journal 
bearing housings.

A1.6.1.5.3 Vertical

The load path in the vertical direction is from the car body to the air springs, to the side 
bearings, to the truck frame, through the coil spring and rubber pad assembly located on 
top o f the journal bearing.

A1.6.1.6 Wheel Profile Drawing

Narrow flange tapered contour.
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A1.6: KAWASAKI TRUCK FOR MBTA BI-LEVEL COMMUTER CAR
(continued)

A1.6.2 Operating Environment and Operating Experience Data

A1.6.2.1 Background Information/Car Series

Operator : M B T A  (Boston) Commuter Service

Type of Car Commuter, bi-level, unpowered

Nam e o f Car Series Kawasaki Bi-level

Number in Service 75

Date(s) put into Service : 1992-1993

Manufacturer of Car Kawasaki Heavy Industries, Ltd.

Type o f Truck 
(Volpe/A DL designation)

42e

Truck Manufacturer and : 
Model

Kawasaki Radius Arm  Fabricated

A1.6.2.2 Operating and Route Data

R ou te (L e n g th )
M ile a ge

(S to p s )
S ta tio n s

Speed (M a x )

N O R T H Rockport 35 12 66
Haverhill 33 13 60
Lowell 26 7 60
Fitchburg 49 18 60

SO U T H Providence 43 12 80
Framingham 21 10 60
Needham 14 11 80
Franklin 31 16 60

Train Lengths Operated: 5-9 cars

Braking Patterns : Policy is to use dynamic brake. Eighteen o f 55 locomotives not
(Friction/Dynamic) equipped with dynamic brake. Policy is to run with E P  brake, to

cut out Bombardier 350 series which do not have E P  brake.
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A1.6.2.3 Track System Data

F R A  Track Class

A1.6: KAWASAKI TRUCK FOR MBTA BI-LEVEL COMMUTER CAR
(continued)

- M ain The M B T A  attempts to maintain its track at 
class 4-5 with 5%  above class 6 (shoreline).

- Sidings and Yard : 90%  exceeds class 3, and 10% borderline class 
1.

Approximate Percentage of 
Welded &  Jointed Rail

: Approximately 40%  welded rail.

Rail-T ie Fastener System  

Curvature Data

: Combination o f conventional cut-spike or 
Pandrol.

- Average/Typical Curvature 
on M ain  Track

: 3-4°

- Maxim um  Curvature on 
Track

: 13°30' max. curve on main line.

- Approximate Percentage 
of Curved /and Tangent 
M ain  Track

- Typical Spiral Length: 
Relative to A R E A  
Recommendations

: N o  definitive information.
Track dept, estimates 20%  curved track

- Typical Curvature 
in Yard and Siding 
Tracks

: 10-12°

- Maxim um  Curvature 
in Yards and Sidings

32° max. curve in Boston Engine Terminal 
yard.

- Typical Turnout Size 
(Area Number) 

M ain line : Generally minimum No. 10 with some 
exceptions at No. 8.

Yard : No. 8 with a couple exceptions at No. 6.
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A1.6: KAWASAKI TRUCK FOR MBTA BI-LEVEL COMMUTER CAR
(continued)

A1.6.2.4 Maintenance and Service Experience

Regular Servicing and Inspection 
Schedules

Rationale for Maintenance Schedules

Average or Typical Intervals :
(time or miles) between Maintenance 
Action or Component Replacement

Information on any Unusual :
Problems with Truck

Information on the Maintainability :
o f the Truck

Information on the Operator's Experience : 
with the Truck

New track: not yet determined

This truck has not operated for a 
sufficient duration or mileage to 
establish an optimum maintenance 
schedule

New track: not yet determined

Derailment problem on sharp curves in 
yards, currently under investigation

New  track: not yet determined 

New  track: not yet determined

A1.6.3 Engineering Data on Railroad Passenger Cars and Car-Truck 
Interface

A1.6.3.1 General Description of Car

The car is a bilevel commuter coach car manufactured by Kawasaki. Approximately 30%  
of the cars are equipped with a control cab for push-pull operation and die remainder are 
blind trailer cars. The carbody is of stainless steel welded construction. Two levels are 
provided between the trucks, accessed by up and down stairways from a vestibule area 
with a conventional floor height at the ends of the car.

A1.6.3.2 Car and Carbody Data

Overall Dimensions
Car Length : 
(over coupler faces)

26.00 m (85.3 ft)

W idth : 3.05 m (10.0 ft)

Height (from top of rail) : 4.72 m (15.5 ft)

Truck Center Spacing : 19.05 m (62.5 ft)
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A1.6: KAWASAKI TRUCK FOR MBTA BI-LEVEL COMMUTER CAR
(continued)

Car W eight 
Ready to run 
- Trailer car : 540 k N (121000 lbf)
- Cab car : 560 k N (126000 lbf)

W ith maximum load 
- Trailer car : 670 k N (149675 lbf)
- Cab car : 680 k N (153125 lbf)

M ass o f carbody (without trucks) 
(ready to run)

Trailer car 
Cab car

Radius o f gyration 
Ro ll 
Pitch 
Yaw

Center o f gravity of carbody 
(from top of rail)

Carbody natural frequency 
(first vertical bending mode)

A1.6.3.3 Carbody to Truck Interface

The carbody rests on two air springs at each truck situated at the outer ends o f the truck 
bolster. The longitudinal connection between the carbody and the truck bolsters is 
provided by two laterally spaced longitudinal anchor rods. Secondary vertical and lateral 
dampers (two of each) are also provided between the bolster and the carbody.

39959 kg (2724 lb-sec2/ft) 
41998 kg (2879 lb-sec2/ft)

1.83 m
7.47 m
7.47 m

(6.0 ft) (Est) 
(24.5 ft) (Est) 
(24.5 ft) (Est)

1.98 m (6.5 ft) (Est)

7.5-8.0 H z (Est)

ADDroximate dimensions are as follows:

Lateral spacing of air springs : 2.13 m (7.0 ft)

Lateral spacing o f second dampers : 2.74 m (9.0 ft)

Lateral spacing of anchor rods : 2.62 m (8.6 ft)

Height o f anchor rods above top o f rail : 0.48 m (1.58 ft)
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A1.7: NIPPON SHARYO TRUCK FOR MARC II COMMUTER CAR

A1.7.1 Engineering Data

A1.7.1.1 Narrative Description of Truck Design

Truck Classification: 42e

General Characteristics : This unpowered truck is a fabricated design that is Amtrak- 
approved to operate at 200 km/hr. It was produced by 
N IP P O N  S H A R Y O  with designation NT-319 and is used 
by the M arc I I  (Maryland) commuter cars and in a powered 
form (N T 312) on the Northern Indiana C T D  E M U  
commuter cars. It  is a rigid frame design with outboard 
journal bearings.

Frame : The welded H  frame and bolster use steel plate and 
forgings. The inside o f the bolster also is used as an 
auxiliary air reservoir for the secondary air springs.

Suspension System

-  Primary : The primary suspension uses cylindrical guide type E ligo  
(coil/rubber combination) springs that are supported on 
winged journal bearing housings. Tw o spring assemblies 
are used at each journal bearing.

-  Secondary: Diaphragm type air springs are installed between the car 
body and the truck bolster with hydraulic lateral and vertical 
shock absorbers also used at this same interface. The air 
springs have a back-up rubber spring. Floor height is also 
maintained by the air springs with changing passenger 
load. Truck rotation is provided by the truck bolster 
rotating on the truck frame on side bearing wear plates. The 
truck bolster uses a center pin connection to the truck frame 
and two anchor rods for connection to the car body.

Propulsion &  Braking : 
System

This truck as used with the M A R C  I I  commuter car is 
unpOwered. Friction braking is provided with two Cast iron 
disc brakes on each axle and a single shoe tread brake unit 
used for each wheel. The disc brake actuators are supported
by the truck frame.

Exploded engineering and schematic drawings of this truck are provided in 
Figures A l.7 .1  and A l.7.2.

Al-79



A1.7: NIPPON SHARYO TRUCK FOR MARC II COMMUTER CAR (continued)

Figure A1.7.1 Nippon Sharyo NT319 Truck for Marc Commuter - exploded view
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A1.7: NIPPON SHARYO TRUCK FOR MARC II COMMUTER CAR (continued)

Figure A1.7.2 Nippon Sharyo NT319 Truck for Marc Commuter - schematic
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A1.7: NIPPON SHARYO TRUCK FOR MARC II COMMUTER CAR (continued)

A1.7.1.2 Basic Truck Data

Track Gauge 

Wheel Base 

Wheel Diameter

Bolster Bow l Diameter

Truck Rotational 
Break Out Torque

Design Load 
(Top of bolster bowl)

Total Truck W eight

Brake Type

Motor 

Gear Box

1435 mm (56.5 in)

2500 mm (98.44 in)

915 mm (36 in)

Approx. 210 mm (8.25 in)

Not Available

310 k N  (68784 lbf)

684 k N  w/hand (15366 lbf)
brake

Tw o disc brakes per axle, single shoe tread brake 
unit per wheel.

None

None
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Al.7.1.3 Truck Center of Gravity, Mass and Moment of Inertia

Component
Description

Number
of

Components

Mass
kg

(lbfsec2/in)

Center of Gravity Location
mm (in)

X Y Z

Moment of Inertia
kg mm2xl08(lbf insec2xl03)

v̂v
Wheel & Axle 
Set

2 1282.4 (7.32) 1250.2 (49.22) 0.00 457.2 (18.0) 6.1 (5410) 0.01 (10) 6.1 (5410)

Truck Frame 1 1151.0(6.57) 0.0 0.0 651.5 (24.47) 13.6 (12009) 11.1 (9783) 24.0 (21268)

Bolster 1 450.2 (2.57) 0.0 0.0 727.9 (28.66) 4.32 (3823) 0.14 (122) 4.4 (3869)

Equalizer Bar — — — — ... ... ... ---

Motor — — — — — — — —

Gear Box — — — — --* — — —

Disc Brake 
Unit

4 *** *** ' *** *** *** * + * ***

Primary Spring 4 sets 481.8 (2.75) 1250.2 (49.22) 1003 (39.5) 457.2 (18.0) *** *** ***

Secondary
Vertical
Damper

2 68.3 (0.39) *** *** *+* *** *** ♦ + *

Secondary 
Lateral Damper

1 35.0 (0.2) **♦ *** *** *+* ***

Anchor Rod 2 175.2 (1.0) *** **♦ * + * ♦ ** *** *♦*

Air Spring 
Assembly

2 248.8 (1.42) **♦ *** *** *** ***

— Not applicable to this truck, or value not relevant 
*** Value required, but not available or estimated

3r*
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4

Al.7.1.4 Truck Suspension Parameters

Al.7.1.4.1 Primary Suspension:

Component Stiffness 
N/mm (lb/in)

Longi
tudinal Lateral Vertical

Damping Rates
N sec/mm(lbf sec/in)

Longi
tudinal Lateral Vertical

Clearance and Travel Tolerances 
nun (in)

Longi
tudinal Lateral Vertical

Individual Springs
- Inside
- Outside

Double Coil Spring 
Set

*** *** ★ ** ...  _ *** *** *** ***

— Not applicable to this truck, or value not relevant 
*** Value required, but not available or estimated
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Al.7.1.4.2 Secondary Suspension:

Component Stiffness N/mm(lb,/in.) Damping Rates N sec/mm(lbf sec/in.)
Longitudinal Lateral Vertical Longitudinal Lateral Vertical

Air Spring — *** *** —

Lateral Bumper 
(Bolster/car)

— *** . . . . . .

Vertical Shock 
Absorber

— --- . . . _ __ ***

Lateral Shock 
Absorber

— — . . . _ **★  _

Center Pivot — . . . . . . . . .

Anchor Assembly *** . . . . . .  . . . .  . . .

Component Clearance & Travel Tolerances mm (in.) 
Longitudinal Lateral Vertical

Torque or Friction Force 
Longitudinal Lateral Vertical

Spring 
Side Bearing
Lateral Bumper 
(Bolster/car)
Vertical Shock 
Absorber
Lateral Shock 
Absorber
Center Pivot
Anchor
Assembly

*** ***

***

***

*** (rotational about vertical axis)
***

— Not applicable to this truck or value not relevant 
*** Value required, but not available or estimated
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A1.7: NIPPON SHARYO TRUCK FOR MARC II COMMUTER CAR (continued)

A1.7.1.5 Narrative Description of Load Path 

A1.7.1.5.1 Longitudinal
The longitudinal forces from the car body to the wheels originates with the anchor rod car 
support, through the anchor rod to the truck bolster, through the center pin to the truck 
frame, and then through the journal bearing housing.

A1.7.1.5.2 Lateral
The lateral load path is from the car body to the air springs, then to the truck bolster, to the 
center pin, to the truck frame and then to the journal bearing housings.

A1.7.1.5.3 Vertical
The vertical load path beginning at the car body will go through the two air springs, then 
to the truck bolster, then to the two side bearings to the frame and finally to the two 
separate coil spring assemblies that rest in the wing type journal bearing housings.
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A1.7: NIPPON SHARYO TRUCK FOR MARC II COMMUTER CAR (continued)

A1.7.2 Operating Environment and Operating Experience Data 

A1.7.2.1 Background Information/Car Series

Operator : Maryland Dept, of Transportation (MTA)

Type of Car : Commuter, single level, unpowered

Name of Car Series : MARCH

Number in Service : 64

Date(s) put into Service : 1985 through 1993

Manufacturer of Car : NIPPON SHARYO

Type of Truck : 
(Volpe/ADL designation)

42e

Truck Manufacture and : 
Model

NIPPON SHARYO NT 319

A1.7.2.2 Operating and Route Data

The MARC cars are used on commuter services in the Baltimore and Washington DC 
areas, both over the main tine of the Northeast Corridor, and on the tracks of freight 
railroads. Services are operated with electric or diesel-electric locomotives in push-pull 
fashion with cab control cars. Maximum speeds are 160 km/h (100 mph) on the 
Northeast Corridor and 127 km/h (79 mph) on other lines.

Train Lengths Operated : Typically 4 to 8 cars

Braking Pattern : 
(Friction/Dynamic)

Typical of commuter service with stops 
every 3 to 10 miles, primarily using friction 
brakes
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A1.7: NIPPON SHARYO TRUCK FOR MARC II COMMUTER CAR (continued)

A1.7.2.3 Track System Data

FRA Track Class

- Main 4 (6 on Northeast Corridor)

- Sidings and Yard 1

Approximate Percentage 
of Welded & Jointed Rail

99% welded

Rail-Tie Fastener System 

Curvature Data

Standard Double/Shouldered 14" Tie Plates, 
3 spikes up to 2,4 spikes over 2. Pandrol 
clips on concrete ties on the Northeast 
Corridor

- Average/Typical 
Curvature on Main 
Track

2° 30’

- Maximum Curvature 
on Track

9>

- Approximate Percentage 
of Curved and Tangent 
Main Track

50% Curved and 50% Tangent

- Typical Spiral Length 
Relative to AREA 
Recommendations

40' per 1/2" Elevation

- Typical Curvature 
in Yard and Siding Tracks

4?

- Maximum Curvature 
in Yards and Sidings

- Typical Turnout Size 
(Area Number)

Mainline

12°

Yard
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A1.7: NIPPON SHARYO TRUCK FOR MARC II COMMUTER CAR (continued)

A1.7.2.4 Maintenance and Service Experience
Regular Servicing and Inspection :
Schedules

Rationale for Maintenance Schedules :

Average or Typical Intervals 
(time or miles) between Maintenance 
Action or Component Replacement

Information on any Unusual 
Problems with Truck

Information on the Maintainability 
of the Truck

Information on the Operator's 
Experience with the Truck
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A1.7: NIPPON SHARYO TRUCK FOR MARC II COMMUTER CAR (continued)

A1.7.3. Engineering Data on Railroad Passenger Cars and Car-Truck Interface 
A1.7.3.1 General Description of Car
The cars are single-level commuter coach cars designed by Tokyu Car for Maryland DOT 
and the Virginia Railway Express. Carbody material is welded stainless steel. Some cars 
are equipped with a control cab for push-pull operation. Miscellaneous car equipment 
(HVAC, brake controls, etc.) are mounted under the car floor between the trucks.

Overall Dimensions
Length (over coupler faces) 
Width
Height (form top of rail) 

Truck Center Spacing

Car Weight
Ready to Run 

Cab car 
Trailer car 

With maximum load 
Cab car 
Trailer car

Mass of Carbody 
(without trucks)

Ready to Run 
Cab car 
Trailer car

Radius of Gyration 
Roll 
Pitch 
Yaw

25.91m (85.0 ft)
: 3.20m (10.5 ft)
4.05m (13.3 ft)

18.13m (59.5 ft)

496 kN (11,000 Ibf) 
454 kN (102,000 lbf)

641 kN (144,000 lbf) 
600 kN (134,840 lbf)

36412 kg (2493 lbf-sec2/ft) 
32327 kg (2213 lbf-sec2/ft)

1.6m (5.25 ft) (est) 
7.57m (24.8 ft) (est) 
7.57m (24.8 ft) (est)

Center of Gravity of Carbody 1.55m (5.1 ft) (est)

Carbody Natural Frequency
(first vertical bending mode) : 6.5 - 7.0 Hz (est)
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A1.7: NIPPON SHARYO TRUCK FOR MARC II COMMUTER CAR (continued)

A1.7.3.3 Car Body to Truck Interface
The carbody rests on two air springs at each truck situated at the outer ends of the truck 
bolster. The longitudinal connection between the truck and the carbody is by two 
laterally-spaced longitudinal anchor rods between the carbody and truck bolster. 
Secondary vertical and lateral dampers (two of each) are also provided between the bolster 
and carbody.

Specific dimensions are as follows:

Lateral spacing of airsprings : 2.10m (6.9 ft) (est)

Lateral spacing of secondary
vertical dampers : 2.64m (8.7 ft) (est)

Lateral spacing of anchor rods : 2.66m (8.8 ft) (est)

Height of anchor rods above
top of rail ; 0.50m (1.65 ft) (est)
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A1.8: C O M E N G  T R U C K  FOR LIRR BI-LEVEL C O M M U T E R  C A R

A1.8.1 Engineering Data
A1.8.1.1 Narrative Description of Truck Design
Truck Classification 43e

General Characteristics Bolsterless design with steering rod assembly.

Frame Plate steel and casting in welded fabrication. 
Steering rod assembly used for car body connection 
is pivoted from underside of frame on both sides.

Suspension System

-Primary Swing arm type with soft coil springs. 
Four vertical dampers.

-Secondary Air springs

Propulsion & Braking 
System

No propulsion
Disc brake, WABCO 26C-C52 
Tread brake, WABCO GAB-D, COBRA 
shoe, one per wheel.

Exploded engineering and schematic drawings of this truck are provided in 
Figures Al.8.1 and Al.8.2.
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A1.8: COMENG TRUCK FOR LIRR BI-LEVEL COMMUTER CAR (continued)

Figure A1.8.1 Comeng Truck for Long Island RR 
Tokyu Car Bi-Level 
Commuter Car - exploded view
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A1.8: COMENG TRUCK FOR LIRR Bt-LEVEL COMMUTER CAR (continued)

Figure A1.8.2 Comeng Truck for Long Island RR
Tokya Car Bi-Level Commuter Car - schematic
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A1.8: COMENG TRUCK FOR LIRR BI-LEVEL COMMUTER CAR (continued)

A1.8.1.2 Basic Truck Data

Track Gauge 

Wheel Base 

Wheel Diameter

Bolster Bow l Diameter

Truck Rotational 
Break Out Torque

Design Load 
(On A ir Springs)

Total Truck W eight

Brake Type

Motor 

Gear Box

1435 mm (56.5 in)

2438 mm (96 in)

914 mm (36 in)

None

Not Applicable

734 k N  (165,000 lbf) (est)

45.4 k N  (10,200 lbf)

W A B C O D isc  
W A B C O  Tread

None

None
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A1-96

Al.8.1.3 Truck Center of Gravity, Mass and Moment of Inertia

C o m p o n e n t
D e s c r ip t i o n

N u m b e r
o f

C o m p o n e n t s

M a s s
k g

(lb f-sec 2/ in )

C e n t e r  o f  G r a v i t y  L o c a t i o n
m m  ( in )

M o m e n t  o f  I n e r t i a
k g  m m 2x l 0 8( lb f-in  se c 2x l 0 3)

X Y z lyy Izz
W h e e l &  A x le  
S e t

1 1 1 1 2 .5  (6 .3 5 ) 1 2 1 9 .2  (4 8 .0 0 ) 0.00 4 5 7 .2  (1 8 .0 ) 5 .4  (4 7 7 8 ) 0 .0 5  (4 7 ) 5 .4  (4 7 7 8 )

T r u c k  F ra m e 1 1 1 3 5 .0 ( 6 .5 7 ) 0.0 0.0 7 2 6 .9  (2 8 .6 2 ) 1 7 .8  ( 1 5 7 3 3 ) 9 .8  (8 5 7 7 ) 2 7 .0  (2 3 8 7 4 )

B o ls te r — . . . . . . — — — — —

E q u a l iz e r  B a r — . . . . . . . . . — — — —

M o to r . . . . . . . . . — — — — —

G e a r  B o x . . . . . . . . . — — — — —

T r e a d  B ra k e  
U n it

; 4 2 4 8 .8  (1 .4 2 ) *++ * * * * * * ♦  ** * * * * * *

D is c  B ra k e 4 3 5 0 .4 .( 2 .0 0 ) * * * * * * * * * * + * * * * * * *

P r im a ry  S p r in g 4 1 8 2 .2  (1 .0 4 ) * * * * * * * * * # * *

P r im a ry
D a m p e r

4 1 7 5 .2  (1 .0 0 ) * * * + ** * * * * * * * * * * + *

S e c o n d a ry
V e r t ic a l
D a m p e r

— — — — — — . . . . . .

S e c o n d a ry  
L a te ra l  D a m p e r

1 3 5 .0  (0 .2 0 ) *♦ * * * * * * * * * * * * * **  +

A n c h o r  R o d 1 1 7 5 .2  (1 .0 0 ) + ** * * * * * * * * * *♦ * ***

A ir  S p r in g  
A s s e m b ly

2 1 7 1 .7  (0 .9 8 ) *+ * **+ * * * * * * **♦ * * *

—  N o t applicable to this truck, or value not relevant 

* * *  V a lue  required, but not available as estimated

A
1.8: 

C
O

M
E

N
G

 TR
U

C
K

 FO
R

 LIR
R

 B
I-LE

V
E

L C
O

M
M

U
TE

R
 C

A
R

 (continued)



A1-97

Al.8.1.4 Truck Suspension Parameters 
Al.8.1.4.1 Primary Suspension:

Component

Longi
tudinal

Stiffness
N/mm (lb/in)

Lateral Vertical

Damping Rates
N sec/mm(lbf sec/in)

Longi
tudinal Lateral Vertical

Clearance and Travel Tolerances 
mm (in)

Longi
tudinal Lateral Vertical

Individual Spring
damper unit

- Inside ... ... ... ... ... ... ... ... ...
- Outside *** *** *** ... ... *** ... ... ***

Double Coil Spring ... _ ... ... — — — — —
Set -

Radium Arm *** *** ... ... ... *** *** ...

—  Not applicable to this truck, or value not relevant 
*** Value required, but not available or estimated
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Al.8.1.4.2 Secondary Suspension:

Component

Longitudinal

Stiffness N/mmflbj/in.) 

Lateral Vertical

Damping Rates N sec/mm(lbf sec/in.) 

Longitudinal Lateral Vertical

Air Spring *** *** *** _ _ ***

Lateral Bumper ___ *** . . . . . .  . . .  —
(Bolster/car)

Vertical Shock — — — —
Absorber

Lateral Shock — — — _ *** _

Absorber

Center Pivot — . . . — . . .

Anchor Assembly . . . . . . . . . . . .

Component Clearance & Travel Tolerances mm (in.) Torque or Friction Force
Longitudinal Lateral Vertical Longitudinal Lateral Vertical

Spring *** *** *** ...

Lateral Bumper 
(Bolster/car)

— 50.8 (2) ... ... ... --

Vertical Shock 
Absorber

— — *** -- --

Lateral Shock 
Absorber

— *** — ...

Center Pivot ... ... ... —

Anchor Assembly ... ... ... ...

— Not applicable to this truck, or value not relevant 
*** Value required, but not available or estimated
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A1.8: COMENG TRUCK FOR LIRR BI-LEVEL COMMUTER CAR (continued)

A1.8.1.5 Narrative Description of Load Path 

A1.8.1.5.1 Longitudinal

Longitudinal load path from car body to steering rod assembly, to truck frame, to sw ing 
arm assembly, to journal bearing housing.

A1.8.1.5.2 Lateral

Lateral load path is through the air springs, to the truck frame to the sw ing arm assembly, 
to the journal bearing housings.

A1.8.1.5.3 Vertical

The vertical load path is from the car body to the air springs, to the truck frame, to the 
primary springs, to the journal bearing housing.

A1.8.1.6 Wheel Profile Drawing

A A R  standard, narrow flange, B-36.
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A1.8: COMENG TRUCK FOR LIRR BI-LEVEL COMMUTER CAR (continued)

A1.8.2 Operating Environment and Operating Experience Data 

A1.8.2.1 Background Information/Car Series

Operator : Long Island R R

Type of Car : Commuter, bi-level, unpoweied

Name of Car Series : C - l Push Pull

Number in Service : 10

Date(s) put into Service : 1990

Manufacturer of Car : Tokyu Car

Type o f Truck : 
(Volpe/ADL designation)

43e

Truck Manufacture and : Comeng (Australia)
Model TS-1008

A1.8.2.2 Operating and Route Data

The car is operated on the longer distance diesel-electric locomotive powered services of 
the Long Island Railroad. Journey lengths can be up to approximately 100 m iles with 
maximum operating speeds norm ally up to 79 mph.

Train Lengths Operated : U p to 12 cars

Braking Patterns : 
(Friction/Dynamic)

Typical o f longer distance commuter operation, 
with stops at 5-10 mile intervals, depending on 
specific service. Prim arily friction braking with 
some dynamic braking assistance from diesel- 
electric locomotive
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A1.8: COMENG TRUCK FOR LIRR BI-LEVEL COMMUTER CAR (continued)

A1.8.2.3 Track System Data

F R A  Track C lass

- M ain  : L IR R  Non Electrified System

- Sidings and Yard :

Approximate Percentage of : 
Welded &  Jointed Rail

Rail-T ie Fastener System

Curvature Data

- Average/Typical : 
Curvature on M ain
Track

- Maxim um  Curvature on : 
Track

- Approximate Percentage : 
of Curved and Tangent 
M ain  Track

- Typical Spiral Length : 
Relative to A R E A  
Recommendations

- Typical Curve Radius 
in Yard and Siding 
Tracks

- M inim um  Curve Radius 
in Yards and Sidings

- Typical Turnout Size 
(Area Number)

M ain line
Yard
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A1.8: COMENG TRUCK FOR LIRR BI-LEVEL COMMUTER CAR (continued)

A1.8.2.4 Maintenance and Service Experience

Regular Servicing and Inspection :
Schedules

Rationale for Maintenance Schedules :

Average or Typical Intervals 
(time or miles) between Maintenance 
Action or Component Replacement

Information on any Unusual 
Problems with Truck

Information on the Maintainability 
of the Truck

Information on the Operator's 
Experience with the Truck
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A1.8: COMENG TRUCK FOR LIRR BI-LEVEL COMMUTER CAR (continued)

A1.8.3 Engineering Data on Railroad Passenger Cars and Car-Truck Interface 

A1.8.3.1 General Description of Car

The car is a bilevel commuter coach car designed by Tokyu Car. The carbody material is 
stainless steel. Two seating levels are provided between the trucks, with a single level 
area with a conventional floor height over the trucks. The car ends contain an entry 
vestibule and additional seating. Car equipment (H V A C  units, water tanks, etc.) are 
contained in the rear space at the ends o f the car.

A1.8.3.2 Car and Carbody Data

Overall Dimensions
Length (over coupler faces) 
W idth
Height (form top of rail)

25.04m (82.2 ft) 
3.05m (10.0 ft) 
4.42m (14.5 ft)

Truck Center Spacing 18.13m (59.5 ft)

Car W eight
-Ready to Run 

‘ -W ith maximum load
589 k N  (132,500 lbf) 
721 k N  (161,822 lbf)

M ass o f carbody 
(without trucks) 
(ready to run) 50848 kg (3481 lbf-sec2/ft)

Radius o f gyration 
Ro ll 
Pitch 
Yaw

1.62m (5.4 ft) (est) 
7.50m (24.6ft) (est) 
7.50m (24.6 ft) (est)

Center o f Gravity 
of Carbody 
(from top of rail)

1.8m (5.9 ft)

Carbody Natural 
Frequency (first vertical 
bending mode) 7.0 -7.5 H z
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A1.8: COMENG TRUCK FOR LIRR BI-LEVEL COMMUTER CAR (continued)

A1.8.3.3 Carbody to Truck Interface

The carbody rests on two combination air springs which in turn rest directly on the truck 
side frame. N o bolster is used. Longitudinal connection is via two laterally spaced anchor 
rods attached to bell cranks mounted beneath the truck side frames with a lateral tie bar 
between the bell cranks. This mechanism permits truck sw ivelling but provides a 
longitudinal connection. Other truck frame to carbody connections are from an anti-roll 
torsion bar and two lateral dampers. -

Approximate dimensions are:

1.80m (5.9ft)
2.60m (8.5 ft)

0.46m (1.5 ft)

Lateral spacing of air springs 
Lateral spacing of anchor rods 
Height of anchor rods above top 
of rail
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APPENDIX 2
PASSENGER CAR POPULATION DATA

A2.1 Introduction
The two tables in this appendix list all railroad passenger cars in operation in the United States. 
The effective date of the data in the table is approximately the beginning of 1994, and reflects 
information available in early 1994. The data also includes some cars on order but not delivered 
in early 1994. There is typically a time lapse of one to two years between an order being placed 
for a series of railroad passenger cars, and the delivery of the first car from the manufacturer.

It should be noted that the fleets of passenger rail service operators are constantly changing, with 
older cars being retired or sold and new or second-hand cars being purchased. Any list such as 
those in Tables A2-1 and A2-2 will gradually become out of date.

The U.S. population of railroad passenger cars is presented in two ways. Table A2-1 lists all 
individual car series by operator, in the rough order of age, starting with the oldest cars within 
each operator's fleet Table A2-2 lists the individual car series by truck classification, also in 
rough order of age, starting with the oldest cars within each truck classification. The truck 
classification table distinguishes between powered and unpowered trucks.

Generally, a car series is a group of cars to single design, built at the same time under one order 
from the manufacturer. In the case of older cars, several series of similar design have been 
grouped under one entry in the table, for example Amtrak's heritage single level passenger cars 
which were supplied to the predecessor railroads over a period of time. Also, a car series can 
include cars with detail differences in the car body and interior appointments. Many commuter 
car series include both cab cars and trailer cars. Intercity car series can include diners, sleepers, 
and coaches. The practical difference from the point of view of car dynamics is that there can be 
weight variations up to about 10 percent between the lightest and heaviest car in a series.

The specific information provided in the tables is as follows:

• Car series designation, generally the initials or an abbreviation of the car owner or operator, 
followed by a number.

• The formal owner of the car series, which is sometimes a different entity from the operator.

• The contract operator of the service, if different from the owner. Amtrak operates several
commuter services for local government agencies, and in Chicago some freight railroads, 
notably Chicago and North Western and Burlington Northern, operate commuter services 
under contract.

• The name of the car series, if used.

• The car manufacturer.

• The number of cars in service.
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• The dates between which the cars were originally built. Rebuilding dates, if applicable, are 
not given.

• Whether the car is unpowered, or a powered car used in electric or gas turbine self-propelled 
trainsets.

• The body style of the car, specifically whether single or bi-level.

• Typical maximum speed of operation in km/h and mph.

• Approximate total car weight in kg and lb. The weights are for a fully equipped but empty 
car. Typically there will be weight variations within a series of the order of ±5% due to 
different passenger accommodation arrangements or the provisions of a control cab.

• Truck manufacturer and model. *

• Truck classification, as given in section 3.2 in Chapter 3 of this report.

A comments column is also provided under both car and truck descriptions for further relevant
information. ^



Table A2-1 Passenger Car Population Data by Operator
[Effective Date Approximately 1/1/94]

Car Contract Tv b « 8 * r l. s Number Dates Car Description Truck Description

Series Owner Operator of Name Manufacturer In Put Into Powered or Body Typical M a i Approximate Comments Manufacturer Model Claselficatlon Comment©

Dosla nation (If Different) Operation Service Service Unpowered Typo Speed Total Weight (Empty)

km/h (mph) kg <b)

National Passenger Railroad Corporation ’

AMTK 1 Amtrak Intercity Heritage'- Mostly Budd 299 1948-56 Unpowered Single Level Coach 177 (110) 63500 (140000) Coaches. Diners and Sleepers GS Traditional 31e
AMTK2 Amtrak Intercity Santa Fe Hi-Level Budd 95 1954-63 Unpowered Full Bi-Level 177 (110) 72500 (160000) Coaches. Diners and Sleepers GS Traditional 31©
AMTK 3 Amtrak Intercity Caprtoliner Budd 62 1967-69 Unpowered Single Level Coach 177 (110) 59000 (130000) Coaches Budd Pioneer III 2 1  i
AMTK 4 Amtrak intercity Amfleet 1 Budd 474 1975-77 Unoowered Single Level Coach 201 (125) 50000 (110000) Coaches arid Food Service Cars Budd Pioneer III 2 1  i
AMTK 5 Amtrak Intercity Superliner Bi-Level Pullman-Standard 282 1979-81 Unpowered Full Bi-Level 177 (110) 70000 (155000) Coaches. Diners and Sleepers Waggon Union MD 76 4 le Wt 8250 kg (181671b) .
AMTK 6 Amtrak intercity Amfleet II Budd 148 1979-80. Unpowered Single Level Coach 201 (125) 50000 (110000) Coaches and Food Service Cars Budd 1Pioneer III 2 1  i
AMTK 7 Amtrak Intercity Turbo Power Car Rohr/ANF. 18 1975-77 Powered Single Level Coach 177 (110) Gas Turbine and Electric 3rd Rail ANF 43e-P2
AMTK B Amtrak Intercity Turbo CoachfSnack Rohr/ANF 27 1975-77 Unpowored Single Level Coach 177 (110) Coaches and Food Service Cars ANF 43©
AMTK 9 Amtrak Intercity Horizon ; . Bombardier 103 1989-90 Unoowered Single Level Coach 201 (125) 53000 (116000) Coaches and Food Service Cars GS General 70 32© Outside Frame
AMTK 10 Amtrak - Intercity Superliner II Bi-Level Bombardier . 128 1993-94 Unpowered Full Bi-Level 177 (110) 70000 (155000) Coaches. Diners and Sleepers GS General 70 32© Outside Frame
AMTK 11 Amtrak Intercity Viewliner Morrison-Knudsen 50 1993-94 Unpowered Single Level Coach 177 (110) Coaches. Diners and Sleepers G S General 70 32e Outside Frame

, Total 1686
i

California Department of Transportation
J

CDOT1 Calfornia DOT ? ? ? Interchv California car Morrison Knudsen 40 1994 Unpowered Full Bi-level 201 (125) 63500 (140000) Includes Cab Cars GS General 70 32e Outside Frame
Total 40

'

Maryland De l>8 rtment of Transportation. Mass Transit Administration
'

MDOT1 Maryland DOT Amtrak Commuter Budd 44 1955 Unoowered Sinote Level Coach 127 (79) 54500 (120000) Coaches Only GS Traditional 31©
MDOT2 Maryland DOT Amtrak Commuter , Nippon Sharo 64 1985-91 Unpowered • Single Level Coach 177 (110) 50000 (111000) Includes Cab Cars Nippon Sharyo NT 319 42e Wt 6970 kg (15366 lb)
MDOT3 Maryland DOT Amtrak Commuter Sumhomo 1 1 1992-93 Unpowered Single Level Coach 177 (110) 50000 (111000) Includes Cab Cars Nippon Sharyo NT 319 42e Wt 6970 kg (15366 lb)

Total 119

Massachusetts Bay Transportation Authority !

MBTA1 MBTA Amtrak Commuter Pullman Standard 57 1979 Unoowered Single Level Coach 129 (80) 43000 (95000) Includes Cab Cars GS General 70 32i Inside Frame
MBTA2 MBTA Amtrak Commuter MBS 67 1967-68 Unpowered Single Level Coach 129 (80) 43000 (95000) Includes Cab Cars GS General 70 32 i Inside Frame
MBTA3 MBTA Amtrak Commuter Bombardier 147 1987-90 Unpowered Single Level Coach 129 (80) 43000 (95000) Includes Cab Cars GS General 70 32i Inside Frame
MBTA4 MBTA Amtrak Commuter Kawasaki 75 1993-94 Unpowered Single Level Coach 129 (80) 56000 (123500) Includes Cab Cars Kawasaki 42© Outside Frame

Total 346
■ 1

Chicago Commuter Rail Service Board j

:

METRA1 Chicago METRA BN.CNV Commuter Various ■ 464 1950-70 Unoowered Gallery Bi-Level Coach 121 (75) 59000 (130000) Includes Cab Cars GSI Traditional 32© Outside Frame
METRA2 Chicago METRA BN.CNV Commuter •j , St Louis Car 129 1971-72 Powered Gallery Bi-Level MU Coach 121 (75) 63500 (140000) Overhead Catenary GS General 70 32e-P2 Outside Frame, Powered
METRA3 Chicago METRA BN.CNV Commuter Budd 6 6 1973-74 Unpowered Gallery Bl-Level Coach 121 (75) 59000 (130000) Includes Cab Cars GS General 70 32© Outside Frame
METRA4 Chicago METRA BN.CNV Commuter Budd 104 1978-79 Unoowered Gallery Bi-Level Coach 121 (75) 59000 (130000) Includes Cab Cars GS General 70 32e Outside Frame
METRA5 Chicago METRA BN.CNV Commuter >1 Budd 50 19B0 Unpowered Gallery Bi-Level Coach 121 (75) 59000 (130000) Includes Cab Cars GS General 70 32© Outside Frame
METRA6 Chicago METRA BN.CNV Commuter t. Bombardier 36 1978-79 Powered Gallery Bi-Level MU Coach 121 (75) 63500 (140000) Overhead Catenary GS General 70 32e-P2 Outside Frame, Powered
METRA7 Chicago METRA BN.CNV Commuter - Morrison Knudsen 173 1993-94 Unpowered Gallery Bi-Level Coach 1 2 1  (75) 59000 (130000) Includes Cab Cars Atcheson i 42i Dofasco Design

Total 1 0 2 2 ..

Northern Indiana Commuter Transportation District
- t

NICTD1 NCTD Commuter t1 Sumitomo 41 1982-63 Powered Single level MU Coach 121 (75) 48500 (107000) Overhead Catenary Nippon Sharyo ND 312 42e-P2
NICTD2 NCTD Commuter Sumitomo 17 1992 Powered Single level MU Coach 121 (75) 48500 (107000) Overhead Catenary Nippon Sharyo NO 312 42e-P2

Total 58

l ‘
Southern California Reoional Rail Authoi -i-

SCRRA1 SCRRA Amtrak Commuter Series V  ■ UTDC Canada 63 1992 Unpowered Lozenoe Stvle Bi-Level 135 (84) 51000 (113000) Includes Cab Cars Dofasco ' 42i
SCRRA2 SCRRA Amtrak Commuter Series V Bombardier 43 1994 Unoowered Lozenge Stvle Bi-Level 135 (84) 51000 (113000) Includes Cab Cars Dofasco 42i

Total 106
Note: The SCRRA  total includes 8 identical cars owned by North San Dieoo County Transit District.

and 4 identical cars owned by Oranae County Transportation Authority. >'

i i "  i i
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Table A2-1 Passenger Car Population Data by Operator (continued)
[Effective Date Approximately 1/1/94]

Car Contract Typ# Series Number Dates Car Description Truck Description

Series Owner Operator of Name Manufacturer in Put Into Powsred or Body Typical Max Approximate Commenta Manufacturer ■ .Model Classification Comments

D esignato r (If Different Operation Service Servlcs Unpowered T vb« Speed Total Weight (Empty)
km/h (mph) ko <b>

Tri-County Commuter Rail Authority

TR11 TCCRA Commuter Series III UTDC Canada 16 1992 Unpowered Lozenge Style Bi-Level 135 (64) 51000 (113000) Includes Cab Cars' Dofasco 42i

TR I2 TCCRA Commuter Series V LTTDC Canada 3 1994 Unpowered Lozenge Style Bi-Level 135 (84) 51000 (113000) Includes Cab Cars Dofasco ■ 42i

Total 2 1

Long Island Railroad

URR1 NYMTA LRR Commuter Pullman Standard 189 1955-63 Unpowered Sinole Level Coach 54500 (120000) Coaches Only GS Traditional 31e
LIRR2 NYMTA LRR Commuter M1 MU Coach Budd 510 1968-71 Powered Single Level MU Coach 50000 (110000) 3rd Rail 750V DC Electrification Budd Piona^r III 21I-P2 Powered Inside Frame
URR3 NYMTA LRR Commuter Ml MU Coach Genera' Electric 148 1972 Powered Single Level MU Coach 50000 (110000) 3rd Rail 750V DC Electrification Budd Pioneer III 21I-P2 Powered Inside Frame
URR4 NYMTA LRR Commuter M3 MU Coach Budd 174 1985 Powered Single Level MU Coach 50000 (110000) 3rd Rail 750V DC Electrification GS General 70 32i-P2 Powered inside Frame
URR5 NYMTA LRR Commuter C1 MU Coach Tokyu Car 1 0 1990 Powered Bi-Level MU Coach 56000 (124000) 3rd Rail 750V DC Electrification Comeng (Design) j. 43e Fabricated. Bolsterless

Total 1031

Metro North Commuter Railroad

MNCR1 NYMTA M C A Commuter .*• Pullman Standard 61 1962 Powered Single Level MU Coach 145 (90) 54000 (120000) 11.5 kv AC Overhead + DC 3rd Rail G9 Traditional 31e-P2
MNCR2 NYMTA M m Commuter M1AMU Coach Budd 178 1971 Powered Sinole Level MU Coach 145 (90) 50000 (110000) 750v 3rd Rail DC Electric GSt Pioneer III 21i-P2 Powered Inside Frame
MNCR3 NYMTA MsCR Commuter M2 MU Coach General Electric 242 1973 Powered Single Level MU Coach 145 (90) 50000 (110000) 11.5 kv AC Overhead + DC 3rd Rail G S General 70 32i-P2 Powered Inside Frame
MNCR4 NYMTA M C R Commuter M3A MU Coach Budd 142 1984 Powered Single Level MU Coach 145 (90) 50000 (110000) 750v 3rd Rail DC Electric GS General 70 32i-P2 Powered inside Frame
MNCR5 NYMTA MsCR Commuter Bombardier 60 1986 Unpowered Single Level Coach 145 (90) 40000 (88000) Includes Cab Cars G3 General 70 32i Inside Frame
MNCR6 NYMTA NN3R Commuter M4 MU Coach Tokyu Car 54 1988 Powered Single Level MU Coach 145 (90) 50000 (110000) 11.5 kv AC Overhead + DC 3rd Rail Tokvu Car 42i-P2 Fabricated, Inside Frame
MNCR7 NYMTA M m Commuter :C Bombardier 16 1991 Unpowered Sinole Level Ccach 145 (90) 40000 (88000) Includes Cab Cars G S General 70 32i Inside Frame
MNCR8 NYMTA MCR Commuter M6 MU Coach Morrison Knudsen 48 1993-94 Powered Single Level MU Coach 145 (90) 50000 (110000) 11 .5 kv AC Overhead + DC 3rd Rail g a General 70 32i-P2 Powered Inside Frame

Total 603

New Jersey Transit

NJT 1 NJT Commuter Comet IB v St Louis Car 30 1968 Unpowered Single Level Coach 129 (80) 41000 (90000) Includes Cab Cars GSt General 70 32i Inside Frame
NJT 2 NJT Commuter Comet I Pullman Standard 147 1971 Unpowered Single Level Coach 129 (80) 41000 (90000) Includes Cab Cars GS General 70 32i Inside Frame
NJT 3 NJT Commuter Arrow II MU Coach General Electric 70 1974-75 Powered Single Level MU Coach 160 (1 0 0 ) 50000 (110000) 11.5 kv Overhead Electric G S General 70 32i-P2 Powered Inside Frame
NJT 4 NJT Commuter Arrow III MU Coach General Electric 230 1977-78 Powered Single Level MU Coach 160 (1 0 0 ) 50000 ( 110000) 11.5 kv Overhead Electric G S General 70 32i-P2 Powered Inside Frame
NJT 5 . NJT Commuter Comet II and llA Coach Bombardier 132 1982-83 Unpowered Single Level Coach 129 (80) 41000 (90000) Includes Cab Cars GS General 70 32! Inside Frame
NJT 6 NJT Commuter Comet IIB Coach Bombardier 52 1987-68 Unpowered Single Level Coach 129 (80) 41000 (90000) Includes Cab Cars GS General 70 32i Inside Frame
NJT 7 NJT Commuter Comet ill Coach Bombardier 5 1990-91 Unpowered Single Level Coach 129 (80) 41000 (90000) Includes Cab Cars GS General 70 32 i Inside Frame

Total 6 6 6

Southeastern Pennsylvania Transportation Authority

SEPTA 1 ■ SEPTA Commuter Silverliner II MU Coach Budd 53 1963-64 • Powered Single Level MU Coach 50000( 110000) 1 1 . 5  kv Overhead Electric GS General 70 32i-P2 Powered inside Frame
SEPTA2 SEPTA Commuter Silverliner III MU Coach St Louis Car 2 0 1967 Powered Single Level MU Coach- 50000( 110000) 11.5 kv Overhead Electric G S General 70 32i-P2 Powered Inside Frame
SEPTA 3 SEPTA Commuter Silverliner IV MU Coach General Electric 231 1973-77 Powered Single Level MU Coach 50000( 110000) 11.5 kv Overhead Electric G S General 70 32i-P2 Powered Inside Frame
SEPTA4 SEPTA Commuter r Bombardier 35 1987 Unpowered Single Level Coach 129 (80) 42000 (92000) Includes Cab Cars G S General 70 32i Inside Frame

Total 339

Peninsular Corridor Joint Powers Board San Francisc »

SANF1 PCJPB Amtrak Commuter Sumhomo/Nippon Sharyo 73 1985-1987 Unpowered Bi-level Coach 121 (75) 59000 (130000) Includes Cab Cars G S Traditional 316 Recycled Trad., Anti Roll Ba
SANF 2 PCJPB Amtrak Commuter California Coach Morrison Knudsen - 23 1993 Unpowered Bi-level Coach 121 (75) 63500 (140000) Includes Cab Cars G S General 70 32e Outside Frame

Total 96

Virginia Railway Express '
.

V R E 1 VRE Amtrak Commuter Budd 2 1 1955 Jnoowered Single Level Coach 48000 (106000) Ex Boston RDC's G S Traditional 31o
VRE 2 VRE Amtrak Commuter Morrison Knudsen 38- 1992 Unpowered Single Level Coach 48000 (106000) ncludes Cab Cars Tokvu Car NT319 42e fabricated. Outside Frame

Total 59

.r
Grand Total 6392
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Table A2-2 Passenger Car Population Data by Truck Classification
[Effective Date Approximately 1/1/94]

Car Contract Type Series *'■ • Number Dates Car Description Truck Description

Series Owner Operator of Name Manufacturer In Put Into Powered or Body Typical Max Approximate Commenta Manufacturer Model Classification Comments

Designation (If Different) Operation Service Service Unpowered __________ IZ E ? _________ Speed Total Weight (Empty)

km/h (mph) kfl (b)

Type 21 i: Articulated Frame with Center Pivot, Unpowered 1
AMTK3 Amtrak Intsrcitv Caoitoliner Budd 62 1967-69 Unpowered Sinole Level Coach 177 (110) 59000 (130000) Coaches Budd Pioneer III 2 1  i

AMTK4 Amtrak Intercity Amfleet I Budd 474 1975-77 Unpowered Single Level Coach 201 (125) 50000 (110000) Coaches and Food Service Cars Budd Pioneer III 2 1  i

AM TK 6 Amtrak intercity Amfleet II Budd 146 1979-80 Unpowered Sinole Level Coach 201 (125) 50000 (110000) Coaches and Food Service Cars Budd Pioneer III > 2 1  i

Total 684
i

Type 21i-P2: Articulated Frame with Center Pivot,Powered

URR2 NYMTA LRR Commuter M1 MU Coach Budd 510 1968-71 Powered Single Level MU Coach 50000 (110000) 3rd Rail 750V DC Electrification Budd Pioneer III 21i-P2 Powered Inside Frame

URR3 NYMTA LFR Commuter Ml MU Coach General Electric 148 1972 Powered Single Level MU Coach 50000 (110000) 3rd Rail 750V DC Electrification Budd Pioneer III 21 i-P2 Powered inside Frame

MNCR2 NYMTA W CR Commuter M1A MU Coach Budd 178 1971 Powered Single Level MU Coach 50000 (110000) 750v 3rd Rail DC Electric GS Pioneer III 21i-P2 Powered inside Frame

Total 836

Type 3le: Traditional G SI with Equalizer Beam Primary. Bearings Outside Wheels, and Swinghanger Secondary, Unp< wered •/

AMTK1 Amtrak Intercity Heritage Mostly Budd 299 1948-58 Unpowered Single Level Coach 177 (110) 63500 (140000) Coaches. Diners and Sleepers GSI Traditional 31e

AMTK2 . Amtrak Intercity Santa Fe Hi-Level Budd 95 1954-63 Unpowered Full Bi-Level 177 (110) 72500 (160000) Coaches. Diners and Sleepers GSI Traditional l 31e

METRA1 Chicaao METRA BN.CNV Commuter Various 464 1950-70 Unpowered Gallerv Bi-Level Coach - 59000 (130000) Includes Cab Cars GSI Traditional i 31 e Outside Frame

MDOT1 Maryland DOT Amtrak Commuter Budd 44 1955 Unpowered Single Level Coach 127 (79) 54500 (120000) Coaches Only GSI Traditional 31 e

URR1 NYMTA LRR Commuter Pullman Standard 189 1955-63 Unpowered Single Level Coach. 54500 (120000) Coaches Only GSI Traditional 31 e

SANF1 PCJFB Amtrak Commuter Sumhomo/Nippon Sharyo 73 1985-1987 Unpowered Bi-level Coach 59000 (130000) Includes Cab Cars GSI Traditional 31e Recycled Trad.. Anti Roll Ba

VRE 1 VRE Amtrak Commuter Budd 2 1 1955 Unpowered Single Level Coach 48000 (106000) Ex Boston RDC's GSI Traditional 31 e

Total 1185

Type 3le-P2: Traditional GSI with Equalizer Beam Primary. Bearings Outside Wheels, and Swinghanger Secondary. Powered :i

MNCR1 NYMTA UNCR Commuter Pullman Standard 61 1962 Powered Single Level MU Coach 54000 (120000) 11.5 kv AC Overhead + DC 3rd Rail GSI Traditional 31e-P2
Total 61

Type 32i: Ec ualizer Beam Primary. Bearings Inside Wheels, and Yaw Pivot Below Secondary Suspension. Unpowered

M BTA 1 MBTA Amtrak Commuter Pullman Standard 57 1979 Unpowered Single Level Coach 43000 (95000) Includes Cab Cars . GSI General 70 32 i Inside Frame

M BTA 2 MBTA Amtrak Commuter MOB 67 1987-68 Unpowered Single Level Coach 43000 (95000) Includes Cab Cars GSI General 70 32i Inside Frame

MBTA3 MBTA Amtrak Commuter Bombardier 147 1987-90 Unpowered Single Level Coach 43000 (95000) Includes Cab Cars GSI General 70 32i Inside Frame

MNCR5 NYMTA M C R Commuter Bombardier 60 1986 Unpowered Single Level Coach 40000 (88000) Includes Cab Cars GSI General 70 32i Inside Frame

MNCR7 NYMTA M C R Commuter Bombardier 18 1991 Unpowered Single Level Coach 40000 (88000) Includes Cab Cars GS General 70 32i Inside Frame

NJT1 NJT Commuter Comet IB St Louis Car 30 1968 Unpowered Sinole Level Coach 41000 (90000) includes Cab Cars GS General 70 32i Inside Frame

NJT 2 NJT Commuter Comet I Pullman Standard 147 1971 Unpowered Single Level Coach 41000 (90000) Includes Cab Cats GS General 70 ! 32i Inside Frame

NJT 5 NJT Commuter Comet II and IIA Coach Bombardier 132 1982-83 Unpowered Single Level Coach 41000 (90000) Includes Cab Cars GS General 70 32i Inside Frame

NJT 6 NJT Commuter Comet IIB Coach Bombardier 52 1987-88 Unpowered. Single Level Coach 41000 (90000) Includes Cab Cats GS General 70 32i Inside Frame

NJT 7 NJT Commuter Comet III Coach Bombardier 5 1990-91 Unpowered Single Level Coach 41000 (90000) Includes Cab Cars GS General 70 !32i Inside Frame

SEPTA 4 SEPTA Commuter Bombardier 35 1987 Unpowered Single Level Coach 42000 (92000) Includes Cab Cars GS General 70 32i inside Frame
Total 750

Type 32I-P2: Equalizer Beam Primary. Bearinas Inside Wheels, and Yaw Pivot Below Secondary Suspension. Powered

URR4 NYMTA LRR Commuter M3 MU Coach . Budd 174 1985 Powered Single Level MU Coach 50000 (110000) 3rd Rail 750V DC Electrification GS General 70 32i-P2 Powered Inside Frame

MNCR3 NYMTA hM3R Commuter M2 MU Coach General Electric 242 1973 Powered Single Level MU Coach 50000 (110000) 11.5 kv AC Overhead + DC 3rd Rail GS General 70 32i-P2 Powered Inside Frame

MNCR4 NYMTA Commuter M3A MU Coach Budd 142 1984 Powered Single Level MU Coach 50000 (110000) 750v 3rd Rail DC Electric GS General 70 32i-P2 Powered Inside Frame

MNCR8 NYMTA Commuter M6 MU Coach Morrison Knudsen 48 1993-94 Powered Single Level MU Coach 50000 (110000) 11.5 kv AC Overhead + DC 3rd Rail GS General 70 32i-P2 Powered Inside Frame

NJT 3 NJT Commuter Arrow II MU Coach General Electric 70 1974-75 Powered Single Level MU Coach 50000 (110000) 11.5 kv Overhead Electric GS General 70 32i-P2 Powered Inside Frame

NJT 4 NJT Commuter Arrow HI MU Coach General Electric 230 1977-78 Powered Single Level MU Coach 50000( 110000) 11.5 kv Overhead Electric GS General 70 32i-P2 Powered Inside Frame
SEPTA 1 SEPTA Commuter Silvertiner II MU Coach Budd 53 1963-64 Powered Single Level MU Coach 50000( 110000) 11.5 kv Overhead Electric GS General 70 32i-P2 Powered Inside Frame
SEPTA 2 SEPTA Commuter Silvertiner Ml MU Coach St Louis Car 2 0 1967 Powered Single Level MU Coach I 50000( 110000) 11.5 kv Overhead Electric GS General 70 32i-P2 Powered Inside Frame

SEPTA 3 SEPTA Commuter Silveriiner IV MU Coach General Electric 231 1973-77 Powered Single Level MU Coach 50000( 110000) 11 .5 kv Overhead Electric GS General 70 32i-P2 Powered inside Frame
Total 1 2 1 0
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Table A2-2 Passenger Car Population Data by Truck Classification (continued)
[Effective Date Approximately 1/1/94]

Car Contract Ty p . Series Number Dates Car Description Truck Description
Series Owner Operator of Name v Manufacturer in Put Into Powered or Body Typical Max Approximate Comments Manufacturer Mfidel Claasificatlon Comments

Designation (If Different] Operation Service Service Unpowered Typ. Spead Total Weight (Empty)
km/h (mph) ko (b)

Type 32e: Equalizer Beam Primary. Bearinas Outside Wheels, and Yaw Pivot Below Secondary Suspension. Unpowerc d

AM TK9 Amtrak Intercity Horizon Bombardier 103 1969-90 Unpowered Single Level Coach 201 (125] 53000 (116000) Coaches and Food Service Cars GS GeneraP70 32e Outside Frame
AMTK 10 - Amtrak Intercity SuperBner II Bi-Level Bombardier 128 1993-94 Unpowered Full Bi-Level 177 (110) 70000 (155000) Coaches. Diners and Sleepers GSI General 70 32e Outside Frame
AMTK 11 Amtrak Intercity Viewliner Morrfeon-Knudsen 50 1993-94 Unpowered Sinale Level Coach 177 (110) Coaches. Diners and Sleepers GS General 70 32® Outside Frame
COOT 1 CaKomia DOT Intercity California car „. Morrison Knudsen 40 1994 Unpowered Full Bi-level 201 (125) 63500 (140000) Includes Cab Cars GS General 70 32e Outside Frame
METRA3 Chicago METRA BN.CNV Commuter -• Budd 6 6 1973-74 Unpowered Gallery Bi-Level Coach 59000 (130000) Includes Cab Cars GS General 70 32e Outside Frame
METRA4 Chicago METRA BN.CNV Commuter Budd 104 1978-79 Unpowered Gallery Bi-Level Coach 59000 (130000) Includes Cab Cars G9 General 70 32e Outside Frame
METRA5 Chicago METRA BN.CNV Commuter Budd 50 1980 Unpowered Gallery Bi-Level Coach 59000 (130000) Includes Cab Cars GS General 70 32e Outside Frame
SAN F2 PCJPB Amtrak Commuter California Coach, Morrison Knudsen 23 1993 Unpowered Bi-level Coach 63500 (140000) Includes Cab Cars GS General 70 32e Outside Frame

Total 564

Type 32e-P2: Equalizer Beam Primary. Bearings Outside Wheels. and'Yaw Pivot Below Secondary Suspension. Power d -

METRA 2 Chicago METRA BN.CNV Commuter St Louis Car 129 1971-72 Powered Gallery Bi-Level MU Coach 63500 (140000) Overhead Catenary GS General 70 32e-P2 Outside Frame. Powered
METRA6 Chicago METRA BN.CNV Commuter Bombardier 36 1978-79 Powered Gallery Bi-Level MU Coach 63500 (140000) Overhead Catenary GS General 70 32e-P2 Outside Frame. Powered

Total 165
-

Type 41 e: Journal Spring Primary. Bearings Outside wheels, and Swing Hanger Secondary. Unpowered
„ -

AMTK 5 Amtrak Intercity Superfiner Bi-Level Pullman-Standard 262 1979-61 Unpowered Full Bi-Level 177 (110) 70000 (155000) Coaches. Diners and Sleepers Waggon Union MD 76V 416 Wt 8250 ka (181871b)
Total 282

— ..
Type 42i: Journal Spring Primary. Bearings Inside Wheels, and Yaw Pivot Below Secondary Suspension, Unpowered

.
METRA7 Chicago METRA BN.CNV Commuter Morrison Knudsen 173 1993-94 Unpowered Gallery Bi-Level Coach 59000 (130000) Includes Cab Cars Atcheson 42i Dofasco Design
SCRRA1 SCRRA Amtrak Commuter Series V UTDC Canada 63 1992 Unpowered Lozenge Style Bi-Level 51000 (113000) Includes Cab Cars Dofasco 42 i
SCRRA2 SCRRA Amtrak Commuter Series V Bombardier 43 1994 Unpowered Lozenge Style Bi-Level 51000 (113000) Includes Cab Cars Dofasco 42i

TR11 TCCRA Commuter Series III UTDC Canada 18 1992 Unpowered Lozenge Style Bi-Level 51000 (113000) Includes Cab Cars Dofasco 42i
T R I2 TCCRA Commuter Series V UTDC Canada 3 1994 Unoowered Lozenge Style Bi-Level 51000 (113000) Includes Cab Cars Dofasco 42i

-  • Total 300
'  —  -

Type 42i-P2: Journal Spring Primary. Bearings Inside Wheels, and Yaw Pivot Below~Secondarv Suspension. Powered
-

MNCR6 NYMTA M nCR Commuter M4 MU Coach Tokyu Car 54 1966 Powered Single Level MU Coach 5 0 0 0 0  m oooo) 11.5 kv AC Overhead ♦  DC 3rd Rail Tokyu Car 42J-P2 Fabricated. Inside Frame
• • Total 54

Type 42e: Journal Spring primary. Bearings Outside wheels, and Yaw Pivot Below Secondary Suspension. Unpowere J a
-

MDOT2 Maryland DOT Amtrak Commuter NiDOon Sharo 64 1985-91 Unpowered Sinale Level Coach 177 (1101 50000 (111000) Includes Cab Cars Nippon Sharyo NT 319 42e Wt 6970 kg (15366 lb)
MDOT3 Maryland DOT Amtrak Commuter *■ Sumitomo 1 1 1992-93 Unpowered Single Level Coach 177 (110) 50000 (111000) Includes Cab Cars Nippon Sharyo NT 319 42e Wt 6970 kg (15366 lb)
MBTA 4 MBTA Amtrak Commuter Kawasaki 75 1993-94 Unpowered Single Level Coach 56000 (123500) Includes Cab Cars Kawasaki 42e Outside Frame
VRE 2 VRE Amtrak Commuter Morrison Knudsen 36 1992 Unpowered Single Level Coach 48000 (106000) Includes Cab Cars Tokyu Car NT319- 42e Fabricated. Outside Frame

Total 186
...............

Type 42e-P2: Journal Spring primary. -Bearings Outside Wheels, end Yaw Pivot Below Secondary Suspension, Power* d

NICTD1 NCTD Commuter Sumitomo 41 1962-83 Powered Single level MU Coach 46500 (107000) Overhead Catenary . Nippon Sharyo ND312! 42e-P2
NCTD 2 NCTD Commuter **■ Sumitomo 17 1992 Powered Single level MU Coach 48500 (107000) Overhead Catenary Nippon Sharyo ND 312 42e-P2

. — Total 56
__

Type 43e: Journal Spring Primary. Bearings Outside Wheels, and Bolsterless Secondary. Unpowered
•----

AMTK 8 Amtrak Intercity Turbo CoacfYSnadk Rohr/ANF 27 1975-77 Unoowered Single Level Coach ' 177 (110) Coaches and Food Service Cars ANF 43o
U RR5 NYMTA LRR Commuter C 1  MU Coach Tokyu Car 1 0 1990 Powered 3i-Level MU Coach 56000 (124000) 3rd Rail 750V DC Electrification Comeng (Design) 43o Fabricated. Bolsterless

Total 37 _ j
j.

Type 43e-P2: Journal Spring Primary. Frame Outside Bearings, and Bolsterless Secondary, Powered Vi-
■

AMTK 7 Amtrak Intercity Turbo Power Car Rohr/ANF 16 1975-77 Powered Single Level Coach 177 (110) Gas Turbine and Electric 3rd Rail ANF Ji 430-P2
Total 16

Grand Total 6392 -
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