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1. INTRODUCTION

1.1 Background

TSC is supporting the Federal Railroad Administration's
improved passenger service program by providing engineering
data to support the development of truck design specifica­
tions for use in high speed passenger service. A part of
this includes analysis of the sensitivity of vehicle per­
formance characteristics to vehicle and truck configurations.
Accordingly, TSC is collecting data and analytic tools to
conduct a review of the relationship between vehicle and
truck configurations, track geometry variations and perform­
ance characteristics such as ride vibration and ranges of
safe operation speeds.

The truck configuration and its associated compliance,
damping and sprung!unsprung(mass characteristics represent
a major influence of vehicle stability and are important to
the truck optimization proce~s. To date, however, there
has been no systematic effort to catalog this data in order
to characterize the diverse population of current and pro­
posed truck designs. The purpose of.this project has been
to assemble such data to -characterize passenger truck
configurations for use in parametric studies to assess the
influence of truck (and vehicle) parameters on performance
characteristics such as vehicle stable performance and ride
vibration.

The Budd Company, a major developer of rail vehicle!
truck systems, has collected a library of data on many truck
designs from: internal development projects; published
te~hnical literature; and personal contact with international
representatives. The object of this contract was to provide
the required catalog of passenger truck configuration data
for powered and non powered trucks by taking maximum advan­
tage of existing raw data gathered by The Budd Company. The
data presented in this report is limited in scope in that it
is information which was available and retrievable from The
Budd Company files only.

1.2 Objectives

The objectives of this contract are as follows:

A Compilation of truck design configurations in
current use or proposed for use in improved inter­
city rail passenger service.

A tabulation of the engineering parameters necessary
for modeling of the dynamic performance of a rail car
equipped with these trucks, obtainable from current
data.

- 1 -



A description of car body types in current use or
proposed for U.S. passenger service.

Tabulation of the mass and stiffness properties of
the above car bodies.

1.3 Plan

The plan was divided into the following parts:

(A) Literature search for passenger trucks

(B) Truck Description and Illustration

(C) Truck Data Tabulation

(D) Car Data Collection

1.3.1 Literature Search for Passenger Trucks

An extensive search was conducted in the data bank and
engineering files of the Budd Technical Center as well as
collaboration with other Budd staff members to develop as
complete a list of passenger trucks which are in use or pro­
posed for use in U.S. rail passenger service as possible.

When it became apparent that complete physical descrip­
tions could be provided for only a few of the passenger
trucks, the Technical Monitor designated certain high speed
trucks as priority trucks for which complete descriptions
would be provided. The list of passenger trucks was then
condensed to include only selected high speed trucks for
data collection purposes. A high speed truck is considered
to be designed for speeds of 125 mph (200 kmh) or greater.

1.3.2 Truck Data Description and Illustration

A description and a spring-mass-damper sketch of each
truck was made to aid in clarifying each high speed truck.
The description includes information on the primary and
secondary suspension systems and a brief history of the truck
whenever available.

1.3.3 Truck Data Tabulation

This section includes a major portion of the work per­
formed on this contract; i.e., analysis of the information
available to obtain detailed dynamic data. Several engineer~

ing articles for each high speed truck were studied before
attempting a data tabulation. Several iterations were made
to achieve an appropriate engineering format. Tables of truck
information were primarily based on the raw data and engineer-

- 2 -



ing estimates were made where data was incomplete or unavail­
able. These estimates are denoted by an asterisk in the table.

~ Estimates were made based on The Budd Company's experience in
the railcar industry and should be treated as engineering ap­
proximations.

1.3.4 Car Data Collection

For each high speed truck tabulated car data is provided
to include the significant parameters for dynamic modeling
purposes.

,
'~
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2. TRUCK LIST

2.1 Passenger Truck List

This list presents the passenger trucks which are
based on the Budd Companytsavailable data and literature.
Trucks from France, Germany, Japan~. Switzerland, Italy,
Sweden, England, Canada, Australia, U.S.S.R., and the
United States have been included.

The list indicates the truck or vehicle designation,
the truck builder, whether it is powered or unpowered,
if some data is available or not, the system the truck
is used on, and the application, transit, mainline, or
commuter. On the truck list under the category powered,
if both yes and no appears, this indicates that at least
one truck is powered on the vehicle, and that one is
unpowered.

4
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2.2 High Speed Trucks

The passenger truck list just provided in section 2.1
has been condensed to include selected high speed trucks
for which engineering data will be presented and they are
as follows:

French:
Y-28
Y-32
Y-224
Y-225
Y-226

Italian:
Fiat Eurofa
Z 1040

German:
ET-403
Minden Deutz

Japan:
DT 200

Canadian
LRC

British:
BT 10

Russian:
ER 200

U.S. :
P- III
Metroliner

The above high speed trucks have been included because
the most complete data tabulations could be provided. All
of the trucks or vehicles are designed for 125 mph (200 kmh)
or higher except for the U.S. P-III (Amcoaches) which are
locomotive hauled and designed for 120 mph (193 kmh).
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TRUCK SUMMARY

3.1 General Truck Characteristics

The basic design characteristics of the high speed trucks
listed in Section 2.2 are presented in Table 1. The design
parameters included are conventional yaw pivot, soft primary
suspension, rigid truck frame, powered, swing hanger design,
air spring secondary suspension, roll bar, active tilt control,
equalizer beam, articulated train, and electromagnetic brakes.

The conventional yaw pivot denotes a truck with a center
pin arrangement between the truck and the car body which allows
the car body to rotate with respect to the truck.

A soft primary suspension is a primary vertical suspension
having the vertical bounce resonance of the truck on its springs
of 8 Hs or less. The calculation of this resonant frequency
considers the two degree-of-freedom system of the car body on
its vertical springs coupled with the truck on its vertical
springs. Typical practice is a I Hs secondary.

A rigid truck frame is a truck frame which is considered
to have no flexibilities, and a powered truck is one which has
motors attached to the truck, either axle mounted or frame
mounted.

A swing hanger design is one which has swing links connect­
ing the truck frame with the bolster which allows the truck to
move laterally. This movement provides the secondary lateral
suspension of the vehicle.

Air spring secondary suspension pertains to a truck having
air springs in the secondary suspension.

A roll bar is a device by which additional secondary roll
stiffness can be provided for systems not having enough stiff­
ness from the secondary springs.

Active tilt control applies to those vehicles having a
system where a device such as an accelerometer is used to sense
acceleration levels and when these levels become too high the
tilting m~chanism is activated.

An articulated train applies to those trucks where the ends
of two car bodies rest on a single truck.

An equalizer beam truck is one where equalization of the
truck is provided by the equalizer ~eam and its springs. This
configuration allows the springs to be mounted longitudinally
inboard of the wheels. Electromagnetic brakes refer to trucks
which have brakes which react with the rail.

- 16 -
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3.2 Summary of Truck Designs

The basic design characteristics of the high speed
trucks tabulated in Section 3.2 are presented in the Truck
Summary Table on the following page. The first parameter
included is conventional yaw pivot which is composed of a
center pivot arrangement. Trucks such as the Y-28 and Y-32
which utilize resiliently mounted traction linkages are not
considered conventional yaw pivoi.

A soft primary suspension is considered to apply to
systems having a truck bounce frequency less than 8 Hs.
The P-III and the Metroliner are distinguished from the
other 13 trucks since they have truck bounce frequencies of
about 26 Hs and 10 Hs, respectively. Another category is a
rigid truck frame. All of the trucks shown have rigid frames
except for the P-III which is an articulated frame with inde­
pendent side frames.

other features included in the table are powered, swing
hanger design, air spring secondary, and roll bar. From the
trucks presented) there are five powered trucks and four swing
hanger designs. Half of the trucks utilize air springs for
the secondary suspension, and four have roll bars.

The one truck with active tilt control is the Canadian
LRC. This particular vehicle has an accelerometer to detect
lateral vibration levels. When these levels become too high~

the tilting mechanism is activated.

The Y-225 is the only truck used in an articulated train,
which is a vehicle having the ends of two passenger cars rest­
ing on a single truck.

The Metroliner is the only equalizer beam truck of the
fifteen high speed trucks.

There are nine trucks which have electromagnetic brakes.

- 17 -
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4. TRUCK AND CAR DATA COLLECTION

4.1 Truck Description and Illustration

A description and a spring-mass-damper sketch of each
high speed truck mentioned in Section 2.2 are presented in
the following pages. Wherever available, a brief history is
given indicating such things as maximum speed attained, the
train consist, and other significant features of the particu­
lar vehicle.

The following sumbols are used in the sketches:

primary suspension three directional
flexibility and inherent damping

elastic element and inherent damping

viscous damping element

carbody connection

Definitions of terms contained in the descriptions and
sketches are as follows:

Anchor rod

Bolster

Equalizer bar

Equalizer beam

Roll bar

- 19 -

a bar which takes longi­
tudinal loads and is
located either between
the bolster and carbody
or bolster and truck frame.
There are two of these per
truck.

a load bearing crossmember
which is not rigidly con­
nected to the truck frame.

a member located in the
center of a truck. which
the center pivot connects
to.

equalization of the truck
is provided by this struc­
tural piece and its springs.
There are two equalizer beams
per truck.

is a bar which is mounted in
a manner which provides addi­
tional roll stiffness to the
secondary suspension.



Slide pad

Swing link

Traction linkages

- 20 -

allows rotational motions
to occur between the slider
and the carbody.

a link which permits lateral
motions to occur and provides
the lateral secondary suspen­
sion stiffness.

linkages which take braking
loads.

,.,



Y - 28

The Y-28 truck is used on the Trans European Express
(TEE) coaches for 200 km/hr service. The primary suspension
is composed of four groups of· coiled springs and four groups
of silentbloc materials of considerable size. Each group is
located outboard of the wheels. The silentblo~ material
wh~ch connects the axle to the truck frame provides sufficient
stiffness in the lateral and longitudinal direction to keep
the axles relative to the truck frame, and in the vertical
direction adds to the stiffness of the coil springs.

The secondary vertical suspension is made up of two groups
of two coiled springs per truck, each group being represented
in the sketch by a single elastic element and two hydraulic
shock absorbers to control the vertical movements. There are
two swing links between the body and bolster which are articu­
lated at the lower end to two body brackets represented by a
ground 'connection. These swing links are located in line with
the lateral axis of the truck and provide the lateral suspen­
sion. There i p a lateral shock absorber to control the lat­
eral displacement between the body and the truck.

A roll bar helps to control the rolling motions between
the truck frame and bolster, and is supported under the truck
frame cross member and connected by links to the bolster.

The Y-28 truck has no conventional yaw pivot for steering.
It is driven by means of traction linkages arranged longitudi­
nally between the truck frame and two crutches forming part of
the body represented by ground connections. The connection is
more or less at axle level. These traction linkages have re­
silient attachments to relieve the linkages of shock loads.
The resilient attachment includes helical spring and Belle- 'c~

ville washers, resulting in progressively varying degree of
elasticity. Stops engage if force in wire rope reaches 12
metric tonnes which is rare. The ultimate tensile strength
is 24 tonnes.

The vertical and lateral car body loads are transmitted
through car body brackets to the swing links into the secondary
suspension. Then the load passes through the truck frame and
the primary suspension. The longitudinal load path proceeds
from the carbody crutches or brackets represented in the sketch
by ground connections through the traction linkages to the
truck frame and finally goes out through the primary suspen­
sion.

- 21 -



Y - 28

Coil spring for vertical
secondary suspension

Truck
cross

Axl(; £'
Wheel

/

Lateral secondary
damper

~
~ROll bar

Traction linkages for yaw and
longitudinal suspension

Primary suspension

Figure 1
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Figure 2

Courtesy of French Railway Techniques
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y - 32

The Y-32 truck is designed for the European standard truck
and for speeds in e~cess of 125 mph.

The primary suspension is composed of four steel coiled
springs for vertical stiffness. Flexible connections between
the axlebox and truck frame result in three-dimensional flexi­
bility which gives longitudinal and lateral stiffness, and in
the vertical direction adds to the stiffness of the coil springs
to provide the required vertical spring rate. There are four
hydraulic shock absorbers on the truck to restrict vertical
motions.

The secondary suspension consists of two long helical
springs for vertical stiffness. In addition, these helical
springs provide for lateral suspension of the body, and enable
the truck to rotate. There are hydraulic dampers controlling
the vertical and lateral movements of the coach in relation to
the truck.

The truck has a ~nique feature because there is no conven­
tional center pivot. The connection between truck and body is
made by traction linkages located at axle level and resiliently
attached to the carbody to permit vertical and lateral motions
of the truck across the secondary suspension.

The truck has a roll bar fitted between the truck frame and
the carbody to provide additional roll stiffness. A yaw ~amping

arrangement relying on the truck rotating in relation to the
body is also a feature of this truck, and only damps yaw rotational
motions.

The carbody vertical and lateral loads are transmitted
through the long helical springs into the truck frame and go out
the primary suspension.

The longitudinal loads proceed from the carbody brackets
through the traction linkages into the truck frame and out the
primary suspension.
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y - 32

Vertical and lateral suspension
stiffness by coil spring

\-----Roll Bar

""Secondary yaw damping
arrangement

,Secondary lateral damper

Longitudinal articulation

-.~.--..../ beaJIl

~
Traction linkages f~r ~a.\AT

and longitudinal suspension

Secondary vertical damper

~---Primary suspension stiffness

Truck frame
tubular
cross member

~

Figure 3
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Reproduced from
best available copy. Y-32

(~MtC'1 orr'Hlremtlll,
hlie lyJ.oe S

Courtesy of Rail Ehglryeering International

Figure 4·
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French Y-224

The Y-223 and Y-224 trucks are used on the R.T.G. French
turbotrain. The turbotrain is composed of two turbine power
cars at the ends of three intermediate trailer cars. Each
turbine power car rests on one powered Y-223 truck, and one
unpowered Y-224 truck. The trailer cars, rest on the Y-224
truck; however, both trucks are qUite similar. Data will be
supplied for the Y-224 trailer car truck. The R.T.G. train
sets went into regular service in May, 1973.

The Y-224 primary vertical suspension consists of four
sets of helical springs resting on axleboxes and in series with
a rUbber disc to absorb the track noise. The axleboxes are con­
nected to the truck frame by rubber bushed links which provide
the lateral and longitudinal stiffnesses. There are four verti­
cal hydraulic shock absorbers.

The secondary suspension uses two Saint-Urbain springs
(rubber inside steel coil), per truck, which act both as vertical
suspension and lateral control and permit the rotation of the
truck. Vertical and lateral damping are by hydraulic dampers.
There are two longitudinal dampers.

Two rubber-bushed rods, connected to the truck frame and
to an equalizer bar which is connected to the body pivot through
a rubber ring, transmit the tractive effort to the body.

The vertical and lateral loads are transmitted from the car
body to the heli~al springs with rubber inside through the truck
frame and is taken out by the primary suspension.

The longitudinal load is transmitted from the carbody through
the center pivot to the equalizer bar and the rubber bushed rods
into the truck frame and out the primary suspension.
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rimary vertical damper

Secondary vertical damper
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Y-224

- Power.bogla

Figure 6

Courtesy of French Railway Techniques
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Y-225

The Y-225 truck which is used on the French turbotrain
TGV-OOI (production versions will use a Y-229 B truck similar
to the Y-2~6 with a 3 meter wheelbase according to a current
report) is designed for speeds in excess of 125 mph. In a
test run in December of 1972, the TGV-OOI hit a speed of
318 km/hr or 199 mph. By December 1974, TGV-OOI had run
more than 16000 km at speeds greater than 260 km/hr and had
made over one hundred runs at more than 300 km/hr. The
TGV-OOI is composed of two power cars with three trailer
cars between them. The five cars are supported on six trucks,
all of which are powered. The TGV is an articulated train.

The primary suspension consists of eight sets of helical
springs per truck resting on the axlebox brackets and in series
with rubber bearers which insulate the body from sound vibra­
tions. This suspension system provides vertical, lateral, and
longitudinal stiffnesses. Four hydraulic anti-pitching dampers
complete the system.

The secondary suspension consists of two Sumiride air
springs per truck. One air spring is on each side of the truck
and rests on a bearer on the lateral suspension. Two lateral
links per bearer ensure that the air springs operate vertically
only. The vertical damping comes from the air springs. The
air systems for the two springs are connected by a differential
valve to ensure that in the event of failure of one of the springs,
the car body will drop vertically on two rubber stops which are
not shown in the sketch.

The secondary lateral suspension is made up of four Kleberman
.Colombes metal rubber sandwiches per truck installed in sets of
two giving a frequency of .8 Hz. These four sandwiches are
represented in the sketch by four elastic elements. The deforma­
tion of the sandwiches in shear permits the rotation of the truck
in relation to the body. Two stops, which are not represented in
the sketch, each exerting its effort gradually, limit the total
lateral displacement between car and body to + 80 mm or 3.17 inches.
A hydraulic shock absorber provides control of lateral movements.

There is a yaw damping arrangement in the secondary suspension
which is composed of a bar with hydraulic dampers connected to the
car body, and this is located on both sides of the truck as shown
in the sketch. This device also keeps the truck on the line bi­
secting the angle between two adjacent car bodies.

The vertical load is transmitted from the carbody through the
air springs into the rubber sandwiches to the truck frame, and then
is taken out through the primary suspension.
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The lateral load goes from the carbody through the
lateral links and the rubber sandwiches to the truck frame and
out the primary suspension.

The longitudinal load goes from the body through the
'T-shaped member in the center part of the truck into the truck
frame central, cross member and then out the primary suspension.
This T-shaped member is resiliently mounted within the truck
central cross member and is restrained laterally and longitudi­
nally, but allows vertical motions.
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Y - 225

central cross

stiffness

T-shaped member
for yaw pivoting

arrangement

Vertical stiffness and damping by air spring

Two lateral links
to ensure air
springs only work
vertically------__~~~'

Wheel

Rubber sandwich
for lateral
secondary
stiffness

Lateral secondary damper

Figure 7
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French Y-226

The Y-226 ~ruck is used on experimental motor coach
No. 27001. Since entering service in April of 1974, motor
coach 27001 had run 125000 kID by the end of January 1975 and
made over 100 runs at speeds between 250 and 306 km/hr.

The primary vertical suspension system consists of eight
helical springs, and four vertical hydraulic dampers. Two
vertical guides on the Y-226 fit into brackets in the axlebox
casting and the primary longitudinal and lateral suspension
consists of alternate steel and rubber rings around these guides.
This arrangemnt allows the stiffness to be varied in the longi­
tudinal and lateral directions.

The secondary suspension is composed of two large helical
springs enclosing a rubber cylinder located at the ends of the
truck frame central cross member. This system allows vertical,
lateral and rotational motions and four hydraulic dampers
restrict vertical motions. Rubber stops are arranged to provide
progressively increasing resistance so that the lateral truck
body movements are limited to 70 rom or 2.77 inches and these
stops are not shown in the sketch. There is one lateral and
two longitudinal dampers per truck. The truck rotation is
limited by four stops.

The vertical and lateral loads are transmitted from the car
through the long, helical springs with rubber inside into the
truck frame and out the primary suspension.

The longitudinal loads are taken through the center pivot
into the truck frame and out the primary suspension.
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Figure 9
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Y-226

",'--TIW;

10

,. Linear eddy current brake:
2. Dampers in the secondary suspension:
3. Secondary suspension: .
4. BraAI! equipment: 0
5 Beam supporting the linear brake:
6. Member transmittinQ forces between

vehicle body and b~gie:
7. Primary slispension:
8. Anti-hunting damper:
9. Transverse damper: .r

10. Driving gearing (rcdllerion ratio: 1.15);
II. Sliding tripod IJansmission:
12. Traction motor and reduction gearing

(mountcd. beneath the vehicle body.
reduction ratio: 1.39). -

Courtesy of French Railway

Figure 10
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FIAT Eurofa

This Fiat truck is similar to the Y-32 truck previously
described. Both the Y-32 and Fiat were designs for the
European standard, and are capable of speeds in excess of
125 mph.

The primary suspension of the Fiat is compos~d of four
helical coiled springs to provide vertical stiffness and flex­
ible connections between the axlebox and truck frame to provide
longitudinal and lateral stiffnesses represented in the sketch
by one symbol labeled primary suspension. There are four hy­
draulic shock absorbers for restricting vertical motions.

The secondary. suspension consists of two helical springs
capped by rubber and located over the truck side frames. These
helical springs provide both vertical and lateral suspension
stiffnesses. There are two hydraulic dampers controlling the
vertical movements .and two controlling the lateral movements.

The truck has a rollbar to provide additional roll stiff­
ness and a yaw damping arrangement to control yaw rotational
motions which are fitted between the truck and the carbody.

The vertical and lateral loads are transmitted from the
carbody through the helical springs into the truck frame and
out the primary suspension.

The longitudinal load path follows the center pin through
the equalizer bar and links into the truck frame and goes out
the primary suspension.
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FIAT EUROFA

Vertical, lateral, and longitudinal
secondary suspension by coil spring

frame cross member

Vertical--__~~~
secondary
damper

Truck
fi~ame'

"Yaw damping arrangement

~_~~__----Lateral secondary damper

bar

Primary vertical damper

~rimary suspension stiffness

Center pin

Figure 11
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Figure 12
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Italian Z 1040

The Z 1040 trucks are used on the Italian State Railway's
improved ALe60l electric motor coaches designed for 200 km/hr.
The truck is a swing hanger type design and is powered.

The primary suspension consists of eight helical springs
for vertical stiffness. Inside the helical springs are mounted
concentric vertical tubes containing rubber segments, internal
springs, and phenolic plastic bearings. This arrangement pro­
vides lateral and longitudinal stiffnesses and also damping of
the primary helical springs because of friction between the
phenolic plastic and the vertical tubes. The primary damping
is represented by the symbol for viscous damping in the sketch.

The secondary suspension is composed of four helical springs
for vertical stiffness, located between the bolster and spring
plank, and four swing links for lateral stiffness. The bolster
and spring plank is represented by an area in this particular
sketch. Damping of the secondary is obtained by two vertical
and four lateral hydraulic dampers, only two lateral dampers
are shown in the sketch.

The car body rests on the bolster with a center pin to
allow for rotational motions.

There are two truck frame cross members located close to
the center of the truck which are not shown in the sketch.

The vertical load is transmitted from the carbody through
the slide pads and center pivot through the bolster into the
secondary vertical suspension down to the spring plank through
the swing link to the truck frame, and finally out the primary
suspension.

The lateral load is transmitted from the carbody through
the center pin into the bolster and coil springs to the spring
plank. It then goes through the swing links to the truck frame,
and finally out the primary suspension.

The longitudinal load follows the center pin to the center
pivot through the bolster, and then through a rod connected
between the bolster and truck frame. The longitudinal load
then goes out the primary suspension.
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g 1040

Truck frame

Slide
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Wheel

Axle
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Figure 13
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Z 1040

Courtesy of Rail Engineering International

Figure 14
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German ET-403

The ET-403 is a 200 km/h four car electrically propelled
train with all trucks powered.

The primary suspension is composed of four helical springs
and four vertical hydraulic dampers. The longitudinal and
lateral stiffnesses are provided by leaf links arid elastic
boxes. The longitudinal and lateral stiffnesses can be altered
by changing the leaf links and the elastic boxes. Tests on the
ET-403 will indicate the proper selection of the longitudinal
and lateral stiffnesses for obtaining the most favorable condi­
tions for 200 km/h stability.

The secondary suspension is made up of two M.A.N. air
springs supported on laminated hollow rubber block springs
which provide vertical and lateral stiffnesses and also allow
rotation. After 15 rom air spring movement in negotiating
curves, the air spring suspension is supplemented by elastic
stops which are not shown. The secondary has two hydraulic
shock absorbers for damping vertical motions, and one hydraulic
shock for damping lateral and rotational motions by being located
a distance from the lateral truck centerline. This truck is de­
signed for body tilting of up to four degrees.

The vertical and lateral loads are transmitted from the
carbody to the truck frame by the air springs, and then go out
the primary suspension.

The longitudinal load goes through the center pin and the
center pivot into the equalizer bar through the rubber bushed
rods, and into the truck frame and out the primary suspension.
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Figure 16
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German Minden Deutz

This particular Minden Deutz truck is de-signed for
200 km/h or higher and was one of the four designs submitted
for use as the European standard truck. The truck is a
swing hanger type design.

The primary suspension is composed of eight helical coil
springs for vertical motions, and eight leaf links for lateral
and longitudinal motions. There are four hydraulic dampers
for restricting vertical motions.

The secondary suspension comprises four helical coil springs
mounted between the spring plank and the bolster only two are
shown in the sketch. There are two vertical hydraulic dampers.
The lateral stiffness comes from the swing links which is supple­
mented by rubber stops. These rubber stops are not shown in the
sketch. There is one lateral damper located between the bolster
and spring plank.

Rotational restraint consisting of link rods to guide the
bolster and prevent it from moving longitudinally is an added
feature of the truck. Also; the truck has a roll bar with
spherical joints to allow free lateral motion of the bolster.

The vertical and lateral load is transmitted from the
carbody through the center pin into the bolster down through
the coiled spring secondary to the spring plank into the swing
links. Then it goes through the truck frame and finally out
through the primary suspension.

The longitudinal. load is transmitted through the center
pin into the bolster through the long link rods into the truck
frame, and out the primary suspension.

- 46 -



\

Swing link for lateral
secondary suspension

stiffness

~

Wheel

MINDEN DEUTZ

Truck frame

Bolster

pin

pivot

bar

~---Longi tudinal
~III!:~~_... ""'"-~ link rod

Secondary vertical
damper

Secondary vertical
stiffness

plank

Secondary lateral damper

Figure 17

- 47 -



MINDEN DBUTZ

p.G

Bog,o Mindon rypo 50 (~ biollo
d'ssservissemenr). Vorture 08 A 1

0

11881 (ossai ORE B 6).

-F--~1"'--

j! =--l~~~i_~....ojoo--

1- ----l. -t-llll---'---
L-·--=---4-.,.....J'--.-...J.----~r_L....,..!r_-L__r_-.,.____,._~h:_:_rir__--.J...J

229

Courtesy of Chemins De Fer

Figure 18

- ~8 -



JAPAN DT200

The DT200 is a truck which is used on the Japanese New
Tokaido Line and is designed for speeds of 200 km/h between
the cities of Tokyo and Osaka. The track is standard gauge
1435 mm or 56.5 inches.

The primary suspension is composed of eight helical coil
springs for vertical movements, and eight leaf links, similar
to the Minden Deutz truck, with rubber bushings at the end for
lateral and longitudinal motions.' This suspension system is
represented in the sketch by four springs. Four vertical
dampers restrict vertical motions.

The secondary suspension consists of two air springs which
provide vertical and lateral stiffnesses, and also restrict
vertical motions due to air damping. This vertical air damping
is supplemented by two hydraulic dampers. There are two lat­
eral hydraulic dampers in the secondary. The longitudinal
stiffness comes from two anchor rods which connect the bolster
to the carbody.

The vertical load is transmitted from the carbody through
the air springs, into the side bearers and out the primary
suspension.

The lateral load is transmitted through the air springs
into the center pivot, and out the primary suspension.

The longitudinal load is transmitted from the car through
the anchor rods into the center pivot, and out the primary
suspension.
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Canadian LRC

The LRC was tested at the U.S. Department of Trans­
portation High Speed Ground Test Center at Pueblo, Colorado
in the late autumn of 1914. Speeds of up to 210 km/h were
reached.

The primary suspension of the LRC passenger car vehicle
is composed of four Metalastik Chevron-springs which provide
vertical, lateral and longitudinal stiffnesses. There are
four Houdaille rotary hydraulic shock absorbers mounted at
the axle boxes to control truck frame vertical and pitching
motions.

The secondary suspension has two large diameter rolling­
diaphragm air springs for vertical and rotational motions.
The lateral suspension is made up of the combined shearing of
two traction and four bearing pads. The traction pads are
located between the top bolster and the tilting bolster, and
are contained between the top bolster and the center post.
The center post is situated between the tilt bolster and the
top bolster. The traction pads are represented in the sketch
by two lateral suspension elements. The four bearing pads are
located between the upper bolster and the tilt bolster and are
represented in the sketch by one suspension element. There are
two vertical and two lateral hydraulic dampers for restricting
their respective motions. '

The ~RC truck is an interesting one due to the addition
of an active tilt system. An accelerometer is mounted on
the tilt bolster to sense lateral accelerations. When these
accelerations become too high, the accelerometer signal causes
the activation of the tilting mechanism, and the bolster tilts
until the lateral acceleration falls below the detection thresh­
old of the accelerometer.

The vertical load is transmitted through the air springs
into the top bolster through the bearing pads to the tilt
bolster out to the truck frame, and down the primary suspension.

The lateral load is transmitted from the carbody to the
bolster through the lateral link into the traction and bearing
pads to the tilt bolster. The load goes out to the truck side
frames and through the primary suspension.

The longitudinal load is transmitted to the bolster through
longitudinal traction links to the center post down to the tilt
bolster out to the side frames and through the primary suspension.
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English BTIO

The BTIO truck is used on the British Rail's High Speed
Train passenger coaches. This high speed diesel train was
tested at a speed of 225 km/h in June of 1973 and is composed
of two power cars and several intermediate passenger coaches.

The primary suspension consists of four helical springs
for vertical stiffness. There are axle box radius arms which
are pinned through rubber bushings to the frame and they pro­
vide the lateral and longitudinal stiffnesses. Four hydraulic
dampers restrict the vertical motions between the frame and
the axle.

The secondary suspension is composed of two diaphragm air
springs for vertical motions. These are located between the
spring plank and bolster. Four swing links which connect the
truck frame to the spring plank provide the lateral stiffness.
The longitudinal secondary stiffness comes from two anchor rods
which are connected between the bolster and the truck frame.
It should be noted that both the spring plank and bolster are
represented in the sketch by an area. There are two truck
frame cross members not indicated in the sketch.

The vertical load path is transmitted from the body through
the slide pads into the bolster through the air springs up the
swing links to the truck frame and then out the primary suspen­
sion.

The lateral load path is carried from the body through
the center pin and the bolster. The load goes down the air
springs to the spring plank up the swing links and then out
the primary suspension.

The longitudinal load is transmitted through the center
pin out to the sides of the bolster through the anchor rods
to the truck frame and out the primary suspension.
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Courtesy of Rail-Engineering International.
Figure 24
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RUSSIAN ER200

The ER200, a l4-car train designed for 200 km/h service
between Moscow and Leningrad had already achieved 206 km/h
prior to June of 1975 on the Sherbinka test track near Moscow.
The 14-car train has the trucks of the two end cars unpowered
with all the remaining trucks powered. The same type truck is
used under all cars. The track gauge is 1524 mm or 60 inches
as opposed to the standard of 1435 rom and 56.5 inches.

The primary suspension of the ER200 has eight helical coil
springs to provide vertical stiffness. There are flexible
connections between the axle and the truck frame to provide
vertical, lateral and longitudinal motions. There are four
hydraulic shock absorbers for restricting vertical motions.

The secondary suspension consists of two self-levelling
air springs to provide vertical and lateral stiffnesses. There
are two vertical, and two lateral hydraulic dampers per truck.
The anchor rods located between the bolster and carbody give
the longitudinal secondary suspension stiffness.

The vertical load is transmitted from the carbody through
the air springs, down the side bearers into the truck frame
and out the primary suspension.

The lateral load goes from the carbody through the 'air
springs, down the center pin to the pivot into the truck frame
and out the primary suspension.

The longitudinal load goes from the carbody through anchor
rods down the center pin into the truck frame and out the pri­
mary suspension.
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Pioneer - III

This particular version of the Pioneer - III truck
was designed for use on the Amcoaches. The Amcoaches are
locomotive hauled and capable of speeds up to 160 mph.

The P - III primary suspension consists of four rubber
rings between the axle and the side frame and four side
bearers between the side frames and the bolster. There are
no hydraulic dampers in the primary. The primary suspension
is relatively stiff in comparison to the other high speed
trucks described.

The secondary vertical suspension consists of coil springs
in series with air springs. The lateral stiffness is obtained
by the shearing of the coil springs in series with lateral
stabilizing rods having rubber bushings at the ends. There
are two Houdaille rotary shock absorbers in both the vertical
and lateral directions for restricting these motions. Two
anchor rods connected between the bolster and carbody restrict
longitudinal motions.

The P - III is an articulated frame with independent side
frames.

The vertical load is transmitted from the carbody through
the air and coil springs to the side bearers and out the primary
suspension.

The lateral load goes from the carbody through the coil and
I

stabilizing rods through the center pivot to the truck frame and
out the primary suspension.

The longitudinal load goes from the carbody through the
anchor rods into the center pivot to the truck frame and out
the primary suspension.
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METROLINER

The Metroliner is a vehicle designed for speeds of
160 mph or 258 kmh. There are 61 of these vehicles in service
in the Northeast Corridor. Both aXlei of the Met~oliner t~uck
are powered.

The primary suspension consists of an equalizer beam with
Pirelli coil springs mounted on it, which provide vertical,
lateral and longitudinal suspension stiffness.

The secondary suspension is composed of coil springs in
parallel with air springs to give vertical and lateral suspen­
sion stiffnesses. The air springs are designed to provide
load leveling of the carbody under the passenger load and does
not add much stiffness to the coil spring. Anchor rods con­
nected between the bolster and carbody give the longitudinal
stiffness. Secondary damping is achieved by two vertical
rotary dampers and two lateral rotary dampers.

The Metroliner has a 12500 pound power transformer
suspended from the carbody which adds complexity to the dynamic
system.

The vertical and lateral loads are transmitted from the
carbody through the air and coil springs into the bolster to
the center pin down to the central cross member out to the
truck frame down the primary suspension and then out the equal­
izer beam.

The longitudinal load goes from the carbody through the
anchor rods to the bolster over to the center pin back out over
to the cross member to the truck side frame through the primary
suspension and out the equalizer beam.
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METROLINER

Figure 30

- 66 -



4.2 Truck Data

The data for each high speed truck mentioned in section
2.2 is included here in a table with a common engineering
format. Basic properties or characteristics of the trucks
are given at the top of each page such as the truck type,
total truck weight per vehicle, car body ready to run weight
and the design speed. .The units are specified in both the
English System and in parenthesis for the Metric System.

The data presented are limited in scope being based
upon data which were available and retrievable from The Budd
Company's files. Engineering estimations supplied in the
tables are based on The Budd Company's experience in the
railcar industry.

The table itself is broken down into. three main sections;
the truck unsprung mass, the truck sprung mass and the truck
suspension characteristics. All the basic parameters essen­
tial for dynamic modeling activities are provided in this
table. An NA in the table means the data is not applicable.

The engineering format developed is based on the truck
being symmetrical about its axis, so there are no offset dis­
tances to be considered. The truck frame and bolster center
of gravity are located at their geometric center.

4.2.1 Truck Unsprung Mass Discussion

In the Truck Unsprung Mass Section of the table the
following methods were employed where engineering estimations
were required:

1) Wheelset mass approximations were based on the wheel
diameter and on other truck wheelsets where masses were
known.

2) The total truck unsprung mass was estimated to be tw~ce

the wheelset mass, except for the LRC and the ER 200
where the estimations of truck unsprung mass were chosen
so that the ratio of truck sprung to unsprung ,mass was
in the same range as the ratios for the other unpowered
and powered trucks, respectively.

4.2.2 Truck Spr~ng Mass Discussion

The mass estimations in the truck sprung mass section of
the table were calculated based on the estimation for unsprung
mass and then doing the necessary subtractions since the total
truck mass was always known.

The roll pitch and yaw radii of gyration calculations for
all trucks were based on one-third of the sprung weight at each
side frame and one-third in the middle section.
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The column for traction motor mass includes one of the
following three items:

a) Unpowered, mass not applicable

b) Powered, but mass unknown

c) An actual mass number

In the tables where b) and c) are applicable either an
NI or I is used to explain whether the traction motOJ' mat> s has
been included in the truck sprung. An NI indicates the mass
has not been included, and an I indicates the mass has been
included.

The electromagnetic brake mass is not included in t~e

sprung mass of trucks Y-28, Y-32, Fiat Eurofa, Minden Deutz,
and ER200. This is represented in the table by an NI-adjacent
to tHe mass number of the E.M. brake. In these trucKs, the
brake is sprung from the truck frame at an estimateo frequency
of less than 5 Hs. This would effect the low frequency d~namics

for soft primary suspension trucks.

The electromagnetic brake mass is included in trucks Y-224,
Y-225, Y-226 and ET-403; and this is represented ~n the data
table by an I adjacent to the mass number for the brake. In
these trucks the E. M. brake is controlled by a pneumatic system
and unless the E. M. brakes are applied, the mass is considered
to be part of the sprung mass of the truck.

When estimations of the E.M. brake masses were needed,
they were made based on other truck E.M. brakes where masses
were known.

4.2.3 Truck Suspension Discussion

In the truck suspension section of the table, the stiffness
and damping numbers are on a per truck basis. The vertical
distance from the top of the running rail (TORR) to the springs
and dampers are ,distances to their effective points of action,
usually at the geometric center.

The following methods were used when engineering estima­
tions were needed:

1) The range of lateral and longitudinal primary suspension
stiffnesses were based on a single degree-of-freedom
approach for the truck rigid body mode where frequencies
varied from a lower limit of 4 Hs to an upper limit of
100 Hs.

2) The lateral and longitudinal primary damping assumed a
range of critical damping from 2% to 50% considering the
truck rigid body mode.
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3) The range of longitudinal secondary suspension stiffness
varied from 3 Hs to 50 H6 for the rigid car body modes.

4) The longitudinal secondary damping ranged from 2% to
50% of critical damp~ng for the rigid car body modes.

5) A range of vertical primary suspension damping was pro­
vided. The upper limit of the vertical uncoupled sprung
truck mass bounce mode was damped at 50% of critical
damping. The lower limit of the primary damping was
based on a total weigtt ( 1/2 car and sprung truck ) rest­
ing on the primary suspension of a truck, "that the vibration
would be damped at 2% of critical damping.

6) The vertical secondary damping was estimated based on
17% of critical damping of the carbody vertical bounce
mode and the effects due to the primary suspension.

7) The secondary lateral damping was estimated based on a
range between 10% and 30% of critical damping of the
carbody uncoupled lateral rigid body mode.

In instances where the primary and secondary suspension
stiffnesses were not available from the literature, the stiff­
nesses were calculated based on a 1.1 HB uncoupled carbody
bounce frequency and 5.5 Hs coupled vertical carbody and truck
bounce modes, except in cases of the Y-224 truck, and the
Minden Deutz truck.

The Y-224 stiffnesses were based on coupled carbody and
truck modes having a low frequency of 1.35 Hs and a high
frequency of 7.35 HB.

The Minden Deutz primary vertical suspension was based
on an article from the literature, but it was uncertain
whether the information was directly applicable to this truck.
The secondary vertical stiffness assumed a 1.1 HB uncoupled
car body bounce frequency.

The lateral secondary suspension stiffness estimations
were based on an uncoupled lateral rigid carbody mode having
a frequency of .7 Hs. The.7 HB frequency number was used
due to the experience obtained from known trucks. The ET 403
is an exception to this: the estimation was based on an
article from the literature where the suspension was sa~d to
be slightly stiffer than another truck where the data was
known. The value of slightly stiffer was selected to be 10%
greater than the known truck.

The part of the truck suspension section of the table
having to do with roll stiffness and damping, and yaw stiff­
ness and damping has numbers supplied only when a truck has
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a particular device for adding to the stiffness or damping
in these degrees of freedom. For example, if a truck has a
roll bar, this would provide additional roll stiffness, than
that provided by other suspension elements.

The Y-28 and Y-32 roll bar stiffnesses
based on coupled roll lateral frequencies.
truck and the minden Deutz roll stiffnesses
based on their similarity to the Y-32.

were calculatprj
The Fiat Eurc.lf'a
were estimated

Yaw frictional restraint numbers were calculated for al~

trucks based on the following article by j. L. Koffman entitled
"Rotational Resistance of Bogie Wagons" from Rail Engineering
International, July, 1971, pages 106 to 112.

Yaw damping estimations were made only on those trucks
which had a device which included a shock absorber for re­
stricting only yaw motion. These trucks are the Y-32, Y-22S
and Fiat Eurofa. The estimations were based on converting
the range of yaw frictional restraint into viscous damping
numbers.

Truck data table abbreviations:

NA

NI

I

*

data is not applicable

mass is not included in truck sprung mass

mass is included in truck sprung mass

engineering estimation
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T.,u..::{ ~1.i~'C"""

Cal' il\',.'\.Jy
Truck ~~lGht (~ 1~uchs)

Car I\,'dy RTR \iet~~lt

Vchlde RTR Weight
~slgn Speed

I"'""ch Y-28

~;6·~~(,J'af~:. 1!l.~'.)
~J190 lb •. (3"")

1102~0 lb •. (JIS. ~t)
125 mph (200 k~h)

Y - 28

Table 2

,
. ~la~s Dla.:.cter ILb-Sec"/In !n Conicity Wheelbase Track Cause
(KI':-Sec2/C~) (,,:m ) N.D. In ("..",) In (",.".,)

~~heelset 7. 3' 36.2 100.6 56·5
l.'uO'· .3'

(1. 31' ) (920) (2560) (Ill 3")

,otal Truck 111.6
'nsprung

(2.62 )

TRUCK SPRUNC ~ASS

"Ias~ Radii of Gy:-atlon In. (r..m)
Lb-Sec lIn TORR to Trud

(K,;-Sec 2/C::1) Roll I Pi tch Yali c. S.
Per 'fruci<: Ir: (",r. )

Truck Sprung
13.6 311.6 1 29.1 1 45.1" 25.6

(2.46) (879)' (739) " (1l1l6)' (650)

~olster
2.ll 22.5' 7' 23.5" 311.6

( .1l2) (572)' (178)' (597)" (880)

fruck and 16.2 33.1" 27 .1" 42.5' 26.6Bolster
Spr:.lng (2.88) (6112)" (689)' (l060) , (660)

fraction
iotor Unpowered

E .r·1. orake I 3.4

( .61)
NI

TRUCK SUSPENSION

Da"'~ir.g Spring Spacings In (r.,,,) Dar.per ~paclng5 In (m'TI)
Stiffness Lb-SeclIn

Lo/}n (Kg/em (kE-S~c/Cm) Vertical Vertical
Per Truck Per 'ITuck From TOR2 Lateral 1.0"". Frci"i TORR Lateral Lon".

P 13150 52'-125" 77.6 100.6 77.6 100.6
Vertical

r. (2 3~ 7) (11'-27") NA (1970) (2560) 11A (1970 ) (2560)

I
112000-I68000 l8 C-lt5D" 18.1 6ll.2 16.l 611.2

Jol Lateral
(2000-3000) (3'-295' (460 ) NA (1630 ) (~60) NA (1630 )

~

R ·560000 12')*-3012' 16.1 77.6 16.1 77.6

y Long.
(100000) . (?11-~3el) (460) (1970) ~!A (ll60) (1970 ) n~

" 5166 112(,11- 74.0 19·1 54.11 54.~

E
Vertical

{9~6 ; (r:ll" ) NA (1680) (1l65) N~ (1360 ) (1300 )

C
,130 ~j~fi .• ~eci' 25.5 O. 25.' O.

0 Lateral
(3g0) (?J*-6?') (650) J.II! (650) NA

1/

D ~~~·J(,-10.?r.lOr:' i;2'-";;i OOO • 25.6 0 f''"j. f, 0
Lon<;. «(~'j'J.J .'!x:oc,) NA 1"

A (i',' .C,iBo' ) ((,SO) (0) (C50) (0)

X ~l'rn~30 .-!J;! ~;, p 1 r17 --rrrcrT0 :-. 01 ~. ~\"'tr';~'llt
I,,-I.o/Ra~ L!J -~eo- In In - Lb

Y .jX[;_-_Cln/;lD...'!J_j__(I:cc,-:·~:2~_ ___ .~Y.l~ ~~~:..L____

Roll II." x ~ oC l !i/·, ,
/'

Nt.
..~2·~~~'-'-.:_)_______.._ .. --- --- ---------- .. -----

Yo-. 1,li ! Ii~ ) x lQ~. tel ~ y lO~'

'1.-' .!_~r(j_~_-!::) C_Y. ]!{~_IJ

~'
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Tru.:-k '!'Yrl~

CR~ !Jody
Truck W" I"ht (~, '1"'''01",)

CRr 1\0Jy R'rn _eli,1I1
Veilicle WfR W~j~ht

'pesign Speed

F~t'llch y-y
" (' '.' 'L'~\t\ 1e 1 'I

"'OQQlbo: (lJ.6t)
70340 lb,. (31. 0 t)

lJ031iO lb •. 14~.. ~c)
1 ~IS m.l'~l· C.'50 ~mh)

TRUCK UNSPRrNG ~~SS

y - 32

Table 3

~Ia~. bla:'letcr
, Lb-Sec /In I" ConIcity ¥!hf"e lbnse 'i";'ock G3uge
(K:'-Se c 2/C r:,) (!1\,T,) N.D. ' In (1''''0) ~n ( .....'71)

'.
.,theelset 8.0 35.0 100.8 'J~·S

1/40 0 -.3"
0.41) (890) (25( 0) ( ! 43S)

'1'otal Truck 16.0

unsprung (2.85)

TRUCK SPRUNG 'ASS
I~as~ Radii of Gyration In. (mmJ

Lb-Se c lIn TOflR to Truck
(Kg-Sec 2/Cm) Roll Pitch Ya.. c. g.
'Per Truck In (mn)

ruck Sprung 19.4' 35.0' 29.0' 45.3' 19.7

0.46)" (889)~ (737) • (1151)' (500)

Bolster N,A NA NA NA "A

r'J.ck and
ilolster NA NA NA NA NA
~prung

~raction UnpoweredMotor

r l
'"

Brake
3.6

I( . 64)
NI

TRUCK SUSPENSION

Damping Sprinil SpacIngs In. (IL':1) D,,'Cper Spac,-np In (m)
StIffness Lb-'Sec/In

Lb/In O:E;!ClIl (1(~-'~°¥r.~bk Vertica Vertical
Per 'l'ruck From TCRF Lateral Lo~a. Fro~ TORR Lateral Lon".

P 14000

I
50'-266' 78.7 100.8 78.7 120.6

'!
VertIcal

(2500) (9'-47*) NA (2000) (2560) NA (2000) (064)

I
26600 29!-718' 18.1 66.9 17 .5 66.9

11 Lateral
(n50) (5"-128 1 ) (460) Nt. (17(;0 ) (444 ) NA (1700)

A

H 324800 100"-2510' 18.1 78.7 18.1 , 78.7

Y
Long.

(58000) (18 1 -448") (460) (2000) NI, (460) (2000) N".

-
IS 4590 335 1 78.7 c. 106.3 23·0

VertIcal
(820) (EO' ) NA (2000) /lA (;'700) (58:, )

C
1867 to 1930 ~1\11-2?C~ 28. ~ C. 32.? 0

0 Lateral--f m '" ~"'
r 18 ~_lj1j' ) ('(2)) NA (81e) rIA (0)

II

0 nOO-gxI0~' ~'Sl~-2860')it 1'/ i

I
0 1? l, 0, .,.,

Lone'_~onn_J .6XI0")' (l?* --:'1 08" )
NI, t,A

A (~44 ) (0) ( 'I" 4 ) (u:

R ua;-:pin~-- -------'-- J
Stiffness

~ '0-""" "-",-;, t"ri':.' ~lonal ::r'!:ll'alr t
y

(Vv-cm~"a'!.L _(Y,c;~ec-Cm) ~_:.--1.L.0~i:_~.~__-
IJ.~X~O ( I NA

I,

~_l_~ j~;;~~_____1_"'___._ -------
Yd'J I tit ] ~ -' .1 XU/'t'

,.
I ()~.1 ,,~OJ' c., 'J x

( 1 ,1.1- :1. j x] o()" (.!.... ,~ ~-l!2~· r. , 1_~lr_~_...
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T:'utk Tne
Cal' Hc.ly

Truck "'el~ht (2 1'ru~:~~)

Cur Body RiR Wol~~t

Vehicle RTR Wtl~h.

Design Speed

f'rc."nch y~~:,~

SPC 'j'.'1t'le :: 7
.'8800 1:5. l13.06t)
6~490 Ib,. l2~.7t)

94290 1t>s. (42.7t)
125 - 15) mph (200 - 2"0 kr:lh)

Y - 224

Table 4
TR"CK UrSPRUNG rASS

~.
,.

.' ~:o.~s LJ1'&:",et er
Lb-Sec'/In In Coniclty Wheelbase ':'rack Gauge
(K~-Sec 'Ie",) (nun) N.D. In (m",) In (m:o)

heelset 8.0" 33 .9 106.3 56.5

0.5" ) (860)
1/40"-.3"

(2700) (1435)
I--

~otal ?ruck 16.0"
nsprung (2.86 1 )

TRUC- SPRUNG ~\SS"
, ,

flas~ Radii of Gyrat1o~ In. (nun)
Lb-Sec lIn TORR to True,

(Kg-Sec 2ICm) Roll Pitch Yaw e.g.
Per Truck In ( I:'r.,)

Irruck Sprung 21.2" 36.7" 30.6 1 ~7.61 18.1

(3.79)1 (932)1 (777)" (1209)" (460)

!Bolster NA. NA NA NA NA

ruck and
~olster NA. NA. NA NA. NA.
~prung

raction Unpo'Wered
~otor

E.M. Brake I 3. ~ I
I I

(.b1" )

TRUCK SUSPENSION

Damping Spring Spacings In (nun) Damper Spacings In (nun)

Stiffness Lb-'Sec/In
Lb/In (Kb/C:n (K~-Sec/Cm) Vertical Vertical

Per Truck Per Truck From TORr Lateral Lon~.. From TO,," Lateral Long.

p

I
373001 85"-619" 82.1 106.3 82.1 106.3

Vertical NA. NA
R (6660)" . 19'-13 4) (2085) (2700) (2085) ( 2700)

I
13390-8 xlrP i 21"-13000. 16.5 106.3 17 106.3

M L~. teral (2391-1.4xlc{)" (4"-2300')
NA NA

A
(420) (2700) (~30) ( 2700)

R 133~0-8xI061 21"-13000 1 16.5 82.1 17 82.1
Lon!':.

2l91-1.4XI'of)
NA. NA

Y \~'-23001) (~20) (2085) :430) (2085)

-
S 7500 1 356 1 82.1 O. 82.1 2~ . 8

Vertical NA NA
E' (1339)" (64)" (2085) (2085) (630)

C
1650' 150' 40,2 O. 40.2 18.7

0 Lateral NA riA
(295) , (27)" (1020) (1020 ) (~75 )

N

D j0100-3. 4xl r/: 64"-2C700' 110.2 O. 110.2 10(;.3

Lone:.
5370-;'.7 xl0 G).

Ni. NA
A ( 11" .. 11'80~)· (lu20) (1020) (2700)

R ~tlfj'no"G Da",pint: 'c'''' ",,,T' '''" ",,'"' jIn-Lb/Ha'l Lb-~ec-In III - Lt
Y +-G~-crn(Il~2l.. ~c;:~_~..e-Crrll ' - e:uJ____

-----
Roll t;!·. HA NA

~----- --\--------' - ---------
1 0:' ~ 10~jol

I_1 X to ,
<J

I Y:1>1 ~ ; i, IiA.
lL:..?2_..l0_~~!_~~_£~.!..._1.i!.~~!. ------- .-_...._ .. -------"---------
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Truck 'l'.l'P~

Cnr Hody
Truck 'ie1.~ht (ArticulAt"" Train)

Car Body Rl'R \"t'tght
Vehicle R'I'R Wdght

Design Speed

l"rf"lh'h ~-:'~5

'sPt' :':1 t, ~" 17
2;> 491 j l'". (1 0 . 2 t )
41~q· lb. (19t)
643~o 10". (?9. 2t)

. 15~-:Go mph (250-300 kmh)

y 225

Table 5

TRUCK UNSPRUN' MASS"
Lb-S:~~~; In

Dlan:etel'
In Conicity Y:heelb~1.se Track GAube

(K·-Sec 2/Cr.l) (rr.,,) N.D. In (~."') In (rr,c:)

~ee1set
8.6 1 35.4 102.4 56.5

1/40"-.3'

(1.53)" (900) (2600) (g3~)

trotsl Truck
16.2

~nsprung (J .26)

TRUCK SPRUNG ~ASS.. --
Has~ Radii of Gyration In. (mm)

Lb-Sec ~ /In TORR to 7ruc

(K,;-Sec 2/Cm) Roll Pitch Yaw e.g.
Per '!'ruck In (r:-:,)

39.9 34.2 1 34.9" 48.7' 20.3
ruck Sprung

(7.14 ) (869)" (886)" (1237) 1 (515)

Solster NA NA NA NA NA

iruck and
Bolster NA NA NA NA NA
;3prung

~ract1on
16.7

I
~otor (2.99)

E.M. Brake 3.4 1
I I

( .51)'

TRUCK SUSPENSION

129.9

(3300)

76.8
NA

Da~per Spacings In (m",)

(2600)

76.8 102.4

(1950)
NA

Spring Spacings In. (mm)

85"-519'

(15'-121) •(5713.6)*

Damping
Stiffness Lb~Sec/ln

Lb/ln (Kg/Cm O:g-Sec/Cm! Vertic"l Vertical
_ i__Po.:e~r,--T,-r~u=.;c,"k::...-+_-,P"e"r,-,T",r-,,";;c,,,k,---+,,,,F,,,,,-,o,,,m,-,T-,O,,,Rc.F,!-,,L=.".::.t=.e:...r=.a=.lt----=L",-o",n.c..:.l':.+,-Fr,-o",r.l""_T=.:O",R"P,+-,",-,":.t,.-,=e:..:r--,a,-:'.+-,L~o,-,n.!&1':.'-1

? l3aJOO'
Verticall

R

I
2.5xlO~*-1.5 40*-25000' 15.8M Lateral xl OJ

(4.5x10 6-2.9 (7. 1"-450C)' (401)
A xlG )"

R 2. 5xl0
7
-1. 6 40"-25000* 15.8x10 I

Y
Long.

(4 ~5zl03_2.9 (7.1"-45001*
c (401)

.z: 0-'\'

O.

NA

102. q

(2600)
Nt

76.8

76.8

(19';0 )

(19JO)
NA

17. 7

(450 )

15.8

(401 )

27 .0 0,
NA

(686)
-,

27.0 n.,~

-'
tlA

«(p,6 ) '1 \

102.4
NA

(2600)

76.8
NA

(1950)

76.8 o.

(1950)

27. (,
NA

(700)

310'
NA

(5 ~) *

93t1-;'7~t! 27.0

(17·-50) • (e86 )(35'(j ~

5000'

(892.7)"

Lateral

Vertical

C

o

E

S

11
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'~'l'U~ k 'l'y ~~ I"

Cap ~cdy

Truck Wel~ht (2 Truok.)
C~r [';:>dy R'I'R "'c If,ill
Vehicle HTH ~.ISill

Design Sp,c,~

Fl','nch Y-.'c'~

Seo TIl!>le 17
3~60L\ l~". (l6.6t)
9.2~5 It •. (~5t)

13'325 los. (61.6t)
155-lSb "'.'1\ (250 - 300 kmh)

Y - 226

Table 6

-RUCK U~SPRONG MASS,
• Lb-S:~~;In

LJla-::e t er
In Conicity Whee~~llse Track Gauge

(K,,-Sec 2ICOI) (r-"l) N.D. In r.un) In (IT.'!', )

.fheelset 8.6 1 35.8 1/40"-.3" 114.1 56.5

(1. 53) 1 (910) (2900) (1435 )

"'otal Truck Vert. 22 (39 )

lInsprung
Lat. 45 (8.1)

TRUCK SPRUNG MASS
l'las~ Radii of Gy rat ion In. \r.un)

Lb-Sec -lIn TORR to Trud
(Kg-Sec 2/Cm) Roll Pitch Yaw c.g.
Per Truck In (rom)

ruck Sprung !ert.25.~(~.5) 36.4 1 33.2" 50.01 16.9

La t . ( 2 . 3) ( . 40 ) (l92~)1 (843)" (1270)" (430 )

~olstcr
NA NA NA NA NA

.I.ru~k and
~olster NA liA NA N.~ NA

Sprung

Traction
Suspended

lotor NI
From Body

3.1~

E.~L Brake I
(.56) I

TRUCK SUS,ENSIO~!

Dampi"g Spring Spacings In (rom) DaTTlper Spacings In (r.un)

Stiffness Lb-'See/Tn
Lb/In (Kg/C,,) (,,,-Sec/Cm) Vertical Vertical

Per Truck Per Truck From TORR Lateral Lon~ . From TO?" Lateral Lon".

P 25000 I 84"-475" 90.6 114.2 96.5 11~ .2

Vertical NA NA
P. (~463·7)" 15'-85 )1 (2300) (2900) (2450 ) (2900)

I 1453-9.jxlO J

3"-1450" 18 113.6 18 113.6
M Lateral (259-1. 6XIC 5 ) NA NA

(1'-259)' ( 457) (3520) (~57) (3520)
A

I'. 1453-9.hlO 51 3"-1 4 50' 18 90.6 18 90.6
Long.

259-1.6,10")'1.(,1'-2 59 )"
NA NA

Y ( ~57) (2300) ( 457) (2300)

S
412 1 '18.0 o. 78.0 27.66000'

E
Vertical NA ~A

(l017) " (74 ). (1980) (198u) (700)

C
2 II Bu' 53'-159' 30.7 O. 30.7 o.

0 Lateral IIA NA
(~4 3 )' (9"-2B)' (780 ) (7BO)

II

lJ 4'1600-12.7 97" - 4C' 00" 30.7 78.0 30.7 9B.4
Long. Xl0 6 , tlA liA

A (17':7200 j" (7Bo) (19 Bu) (780) (2)00)
(81 11'')-? '31.2. j G •

I'. ...r':.Tffness LJamplne; Friction"l Kr.::;Lr'ninL
In-LbIRo.o Lb-Sec-In In - Lb

1 (Kr-CrrJf'.,o~L_ ...J.Y.£.-Sec~ (r. - r,2.1L.----.

Hall IIA IJA NA

!
--------- -r--

lO~*
III ! IIA 1.5 r. 10,..J1 tr) 7- :-l y

'{iL'('{ : (L,~::~_lil_ ~'_I f,; j~....l.Q~ )._--- ...._. -._-,--_.- .._----_.-

----------,
1""='__.....,=-:~==__--:l!!IlII1Ill1

Reproduced from ~l
best available copy. ~JI-----
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'rrllck Type
Car I10Jy

Tru~k Weight (2 '~ucks)

Car Body RTH W.!~ht

Vehicle RTH Weight
·Design S;>eed

I'nll~n ~lnt Eur0fa
S.·,· l'a!>] p- 17
'100,1 !l,". (14t)
66150 lbs. (JOt)
97150 lb •. (44t)
125 to 155 .mph (200 to <'50 kr.th)

F:iat Eurofa

Table 7

TRUCK UNSPRUNG ~ASS
~!a "-3 Ulall'eter

Lb-S.c~/In In Conicity Wheelba~C' Trnck Gnuge
.( K,-Sec 2/Cm ) (,,1\ ) N.D. In (",_",) 1:1 ,,,"-,,,)

·{hee1set 8.6 36.2 1/40"-.3" 102.4 56.')

(1. 53) . (920) (2600) (1435 )

otal ']'l'uck 17.2

Unspr"ng (3.06 )

TRuCK SPRUNG ~ASS

fjas~ Hadll of Gyratlcn In. <:;un)

Lb-Se c - / In TORR to 'Tr,,",
(Kg-Sec 2/Cm) Roll Pitch Yaw e.g.
Per Truck In (:c.-,)

Irruck Sprung 19.7" 36.9" 29.3" 47.3" 15·1

.' (3.52)" (9311" (744)" (3048)· (400)

aolster NA NA NA NA NA

lruck and
!Bolster NA NA NA NA NA
~prung

frraction Unpowered
~o"or

E.M. Brake I 3.40

I I NI

i (.61)

TRUCK SUSPENSION

Damper Spacings In (~)S;>ring Spacings I~ (m.,,)Damping
Stiffness Lb--Ser' ITT'

Lb/In (Kg/C", 'Y.;;-Sec/Cm) Vertical Vertica
.-----r +-----'P..::e..:.r-'.T.e-ro:.ue"'~"_{-+_-"P..::e..:.r-'.J'.e-ro:.uc"'kO---+-"F-"r..::o"'m'---'-T-"C'-'R,F'!-'L::.:a:..:t"'e"'r..::a..::l+----"L=on~ Fro m TORF La t er a J Lon", .

(2010) (2600)

P

R

I

VertJcRl
14000

(2500)

53"-266"

(9".-47") NA

79.1 102.4

NA

19.1

(2010)

122.0

(3100)

M

A

Lateral
26000

(4650)

29"-716'

(5"-128")

17·7

(45G) NA

70.1

(1780)

18.1

(460) NA

70.1

(1780)

R

Y
Long.

170260

(30400 ) (13"-3;'7*)

17.7 7S.7

(2000) NA

18.1 78.7

(?QOOl
NA

S

E
Vertical

4667 to 4870

(833 to S·rO) (61 ). NA

79.1

(2010)

O. 10:'. :

(2C7C)

O.

C

o

Nil
d" .j

\ ?( 7 r: .

NA(673 ;

26.5

------t-- --r-----j

NA

O.

(20IrJ)

NA

26.5

(673)(333 to 345) (17' to Sj)"
Lateral

}-.---+---------,..-+-------f-----j----t--­
30~OO.. 8.llxJ"("

Long. (SQ30 0 -1.5yU/

o

D

A

N

R

Y
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'l'l'll ..'k 'l'YI'C
Car !lody

Truck lIe1r,t.( (~ Trucko)
Car ~Qdy RTH Weicht
Vehicle RTR Wei~ht

Des1i;n Speed

Itolia" ZlO~O
:;.,' 'I'nble 11

bOl';O 1~3. (3Q,'J~)

7~7u~ Ibe, (33,Dt)
138~15 Ibe, (53,Ut)
1~9 mph (2~Q kmh)

g 1040

Table 8

mRUCK U~SPW'NG NASS.. u

N3~S DIR:n~ter

,Lb-Sec ;lIn In Conicity Whcelb'lse Track GFluge
(K~-~ec-/C,,) ("'-":1) N,D. In ('"'" ) In 1m",)

{heeleet le.S· ~0.9 llS,l 56,~

1/40'-.3'
(2.3' ) (10~0) 0000) (1;' 35)

otal Truck 25· 7"
~nsprung

(~ .59)'

TRUCK SPRUNG ~IASS

:~as~ Rad11 of Gyratio:1 In. (r.m)
Lb-Sec lIn TORR to .rucl

(Kg-Sec 2/Cm) Roll Pitch Yaw c·S,
Per ?ru=:i< In (1C_":1)

irruck Sprung 28.5" 34.9" 40.9" 53.5" 31. 5

,-( 5.10)' (885)' (1039)' (1359)" (800)

/Bolster ~.O" 26.9" 13.3' 30.0' 11.0

(1.71)' (683)" (338)' (762)" (280)

ITruck and
32·5" 34.7" 39.2' 5'1.2" 29./Bolster

~prung (5.81)" (881)' (995)" (1301)' (737)

raction 27.4

~otor
NI

4.89

E.l'l. Brake riA
J

TRUCK SUSPENSION

! Spring Spacings In (mm) Damper Spacings In (mm)Damping
Stiffness Lb~Sec/In

Lb/In (Kg/Cm (K~·Sec/~m) Vertical
r--r -+--'-P..=e.:..r_T.:..r:..:u"'c"'k"'--+----'-!'-=e.:.."-=-.T'---ru"'c"'k"'---+..:.F..:.r..=o"'m-=-.T""OR! Lateral Lon".

Vertical
Fro~ TCh7 LGteral Lon".

NA

118.1

118.1

(3000 )

(3000)

78.7

IlA

78.7

(2000)

("000)

NA

20.5

2'0.5

(520 )

(521)NA

118,1

I(3000)NA

78.7 118.1

(2000) Dooo)

78.7

(2000)

NA

20·5

(520)

20.5

(520)

58"-327'

(10' -58 1 )

103-20" QO'

(lE" 3600')

103"-20400"

(H'-3600")

P 11668
Vertical

R (2083)

I f_-...,.--t---...,.---f-------f-----f----t-----f------f------+---...,
20.5XI0~'1.28

M Lateral xIO~·
(3.7 x10 6,2.3

A x10 *)

q
R 0.5x]07,1.28

Long. 'x10/1Y 3.7x~'j6,2.3

XlO .)

S

E

C

o

II

Vertical

Lateral

5136

(926)

1750·

413'

81' lo 242'

(17· to 52<)

NA

21. 7

(550)

81.1

(2060)

)lA

16.9

(430)

39·4

(1000)

NA

18,9

(2380)

NA

0,

18.9

(480 )

I
I

• ,J

IlA
21.781.1

(2060 )

21. 7

(5S0)

Roll

Y

A

R

D

~ -----+-,..~-~ i f fn c:" 3 llamp in;>: Fr ic t 1 0,,70,a':T'1=R<0.";;37"I.-:::r--C:'Jl"n;;';1-,_--+ .l- -'-__

In-Lb/r.8.cl Lb-Sf.!c-In In - Lb

(~p- ~:~--'~~~CL~:~-,--,0co,,,,-..::C,,,mCl-)+- ~~-M.---.._

,,-- Ya" --r---I-:r\--- --·ti~-·-·-------cf--l-.5-,-j-O"""-.-,,-0-7--.'')-'1 ._~:-.-

---.---------~.--------_. _.~ _. -J-U-.~J.~~~~.I: ~ ~!~~
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'l'rurk 11'ype
Cal' [\o,ly

~'ruck Wcl~ilt (! TI'l\c~")
Car Body Ri'H I'dbht
Vehicle RPH W.lsht

Desl.:n Speed

a""1T1'''' ~IAN 1·~'r-~03
:~l't" 'l'~lll1 L' 17

<;J I,J II,". (23.h)
','0 L\!;O lb5. 1 (]2t l )

1:1~~J lh •. (55.~t)
125 mph (cOQ kmh)

ET 403

Table 9

T~UCK U~SPRUNn ~ASS

j,a-o:' "~ t. e l'

"

"
fl,,;;,"

,Lb-Sec ;/In In ConlcHy Wheelbase Track Gaube
(K~-Sec·/Cm) (m",) N.D. In (''''',) In (17","'.1

!Jt,eelset
11. ~ 41. 3 102.4 ')6.5

1/~0'-,3'
(2. O~) , (10"0) (2600) ( 1435 ;

trotal Truck 2';.3 "

junsprung (4.69)

TRUCK SPRUNa ~A·S, ~

}iass. Radii of ayratio~. In. Im."')
TORR to Truc~Lb-Sec 2/In

(Kg-Sec'/Cm) Roll Pitch Yaw c.g.
Per ':'ruck In (mm)

39.9 34.7" 4~.0" 52.3' 21. 3
ruck Sprung

(7.1~) (881)' (1118)" (1318)' (540)

~olster NA NA NA NA NA

rrruck and'
1s01ster NA NA NA NA NA
~pru!"lg

frractlon Powered I
Motor

3~'
E.M, Brake I

( ~61')

TRUOK SUSPENSION

Damping Spring Spacings In (m"fl) Damper Spac:ngs In (m.",)
Stiffness Lb~Sec/In

Lb/Ir. (Kg/Oro ( Kg-Sec/C~,) Vertica Vertical
Per Truck Pe!' Truck From TORr Lateral LO:1,,". From TORF L2.te::"'~l !..,onll.

?
~2560 103"-1119" 78.7 102.~ 78.7 88.6

p, Vertical NA NA
(7600) (18'-200*) (2000) (2600) (2000) (2250)

I

11 2eOOQ- 302000 ~2"-3'170" 21. 3 102.~ 21. 3 102.4Lateral NA NA
A {5000 - 5~000 (7"-6?* ) (5~0) (2600) (540) (2600)

R 26900- 240000 "1'-3090* 21. 3 78.7 21. 3 78.7
y LO!"lg.

(71-553')
NA NA

,( 4800 -53000) (5~0) (2000) (540) (2000)

S
4400" 250* 78.7 100.0 29·5

E
Vertical NA 0, NA

(786)' (45') (2000) (25'10 ) (750)
a

0 3600' , 15' to 34 11' 34.1 O. 3~.1Lateral NA 111\ O.
N (6~3)' (25' to 7'1' ) (865) (865 )

D '2~0(j<-9. G 6?'-;8'IC~' 31j .1 78.7 ,Ij .1 1nr ,

Leng, xl0
A (5780-),6 f (12 11 _ c)J.?O*) (ee5) (~OOO) NA , 1(.5) (?51I'I) NA

xlO •
R S,1ffMS" uil:np1nv,-- -~!'I'J-::tfo!"J;jl kest.:'1::Illlt

In-Lh/nad Lh-'sec-In Irl - Lb
Y (y.i·-Om/r,ad) (K5:',~"c -CElL~___ ~--=.-C.!!lL--_

Roll 111\ NA lil\
I

:---,.._- f-----.---r---'----~·---------.-----
y_ l'lI 11/1 1.;'> J. 1(l:J1 1,(' G X lOSH

,I'd I l'
._____"__________.__.___.______~ 1.4 x ) (:.:~~__2:.'~ __!_2"__ I ~I~L_._
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"j,'.I':.H.; k ;'y r·c :
":~r l\o...l.:,':

Truck ).'t:·tChL (2 l'ru-=k::;):
Cllr 1\,"1y H't'R Weigh,
Vehicle RTR \1dght

Deslgn Speed

Gt"j'l""'lr. Mlndl'n Deut ~

:','" :'ab 1e 1"
,0,.,,) lb •. (ll.Sl)
",'1r1 lb•. (2S.2t)
92blO lb •. (q.'.Ot)
l2~ ,.ph (200 kmh\

Minden Deutz

Table 10

56,5

( 1': ,e, 1

TRUCK UN~ PR~U:~N"J:C-l:~~A",S",S:"---.- -r -,
Dlaneter

In Coniclty Wheelbase Tr.ck Gau~e

(",.r;-) N,...:D:";''-_~f--....:.:I''l.1_(,-,rnJ"""",'):"-_I-~:i.",,,......>..:("'-"''''--,)c---i

37.6 1/qC·-.3·

(950)

9,,7 '

(1.73)·

Na~s

, Lb,-Sc c ;/!n ~
,,--Sec-/Crn)

~h('c151!t

.o'al Truek
~nsp:"ur.g

1 0 . ~, I
(~,4~L- -'-_~

TRUCK SPRUNG M~SS --Mas:; Radii of Gyration In. ll:".m)
Lb-Sec"/In TORll to True

(Kr;-Sec 2/Cm) Roll Pitch Yaw o. g.
Per TrL:.:k In (,,~,t_

13· 35.1' 38.2' 51. 9' ,0.9ruck Sprung

(2.3<)* (892) I (970)· (1318)' (7b5:

JJo1ster 3.~ " 2~.9' 9.q· 26.9* 12.2

( .61)" (632)' (239 )" (683)* (310)
ruck and

16.4< 33.9' 35.1* ~7.8* 27.0Bolster
;Sprung

(2.93)< (861) , (891)" (1215)" (686)

Tracticn
Unpowered~otor

E.11, Brake I
3.~*

( .61)* NI
I

TRUCK SUSPENSION

Daillper Spacings In (~~)

Vertical
Fro:-:1 TOWJ L?teral Lon~,

93.9 98.4
NA

(2370 ) (2500)

18.7 98.~
NA

(475) U500 )

18.7 79.2
NA

(475) (2000)

94.; O.
NA

(2 1100 )

2).6
riA n,

(6<;0)

--
3D," 9'1.1

::"_J(767) ( !~r,7;

NA

LonC'".

98.4

98.4

(2500)

79.2

NA

(2000) (2500)

79.2

(2000)

NA

18.7

(~7")

79.2 15·
NA

(?OOO) (J80)

25.~ O.
NA

(650,

18.7

(~75)

Spring Spacings In (rTl!o)

Vertica
From TOR Lateral

52*-270'

~9"-118*)

l7*-~0300'

(3· .. 18~0*)

17'-10300*

(3'-]840,' )

?iO'

-rO' to 2le'

Damping
Lb~Sec/I"

(Y.r-~f'~/Cr~

Per Truck

(j2.S"to 37,5*

3800 II

l~OO·

1~000'

P68)"

(078)*

(2500)'

Stiffness
Lb/ln (i<c;lCm

Per Truck

Long.

Lateral

Le.tera1

Vertical

Vertical

1-----+-----+------+----+----+---+-­
.O~ xI0 4'_6.5:

XI0~ I
0..9 x10 6'-1.2,

x10 , )

C

E

?

R

I

11

A

R

Y

N

o

1. Oil x10~'- 6.
xl 0 ~•.

(l·9;~~Gj-1. I
~e---=::':=:_=--==i=======::;:::==-:===--4====t====!====1====f===1====j;:;
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T"u,'k 'I'YI'"
C3!' 1J,)cly

~ruck Weight (:' T:'u~!\~)

ClIr Body K':'j\ Io!d,~:lt

Vehicle RTn Io!el~ht

Design Sveed

Jnl'!\I\~"<' [,TeOO
Se,' ,\,,,\,1,, 1'I
'~jOO l[)g. ("Ot)
7'070 1[);. (34t)

11~070 Ibs. (54t)
12~ mph (~OO kmh)

LJT 200

Table 11

TRUCK VNSFRUNG MASS
~~D." s Di a',et e1'

I' 'Lb-Sl'o~/In In Conicity Wheelbase Track Gauc;e
(K~-Seo2/Cm) (ro.", ) N.D. Tn (,..,.,,) In ("'.",)

"'heelse'~ 9.0' 3).S

I
1/40 98.4 56,5

(1.61') . (010) (2500) (1435)

'T'otal ':,:"uck 2~·. 8
Unsprur-<; (4.07)

..

TRUCK ~PRUNO ~ASS,. .. .
Mass Radii of Gyration In. (r.-,m)

TORR to Truc1Lb-Sec 2/In
(Kg-Sec 2/Cm) Roll Pitch Yaw c.g.
Per Truck In (r.-:c,)

!'Pruck S;trung 29'
39.1' 34.2' 51. S' 21. 7

(5.18)' (993) • (869)" (316)' (550)

~olster 5.2" 35.4" 5.Q' 35.1' 39.7
(,93") (899", (150)" (892)" (lOilAi

ruck and 34.2 39.1" 32.2" 49.6' 2~ ."~olster

ISprung (6.11) (993) (81S)" (1260)" ( .96',

~racticn Powered .. From available sources unclear!Motor l.f
if mass included in truck sprung

E.M. E::-ake

I
IlA

!

TRUCK SUSPF.NSION

j

Damping Spring Spacings In. (0U1l) Da."TJper ~pac1ngs In (mm)
Stiffness Lb-'Sec/ln

Lb/ln (Kg/Cm ~,p;-Sec/Cml Vertical Vertical
Per Truck ?er Truck From TeRF Lateral Lon~ . Froel TORF La:eral Lon~.

P 28000 ~48 82.7 98.~ 100.4 98.4

R
Vertical NA NA

(5000) (80) (2100) (2500) (2550) (2500)

I

M
168)00-224000 96"-2768" 17.7 98.4 17.7 98.4

Lateral NA NA

A
(30000-~0000) (17"-~9~") (450) (2500) (~50) (2500)

": 336000-4~8000 136"-,914" 17.7 98.4 17·7 98.4
Long. NA NA

Y (60000-80000) ("2 4"- 699'! (459) (2500) (450) (2',00 i

S-r--'
4480 227 98.4 O. 98.4 O.

E
Vertical NA IIA

(800) (49.5) (2500) (2500)
C -

0 4032 560 41. 3 O. '11 . 3 23.6
"a teral NA IIA

II (720 ) (laO) (l050) (l050) (600)

(
D 3'150(;--9 .l)xlO' I3 1t -3(;rJ on* 22.0 ll~. 2 22.0 11" .2

Long. (6:GO"-j.7 (, \ (13"·5'1(.1'" )
liP. I~A

A 1.1') .-. (560) (?900) (')00) (2')[ 0)

~. Stifl'"rc,.-:;-
o-R ---rJam;:;J 'n e FrlcLlon"-lJ RC~j t ra1 nC

In' r,b/It·od r..b-S~c-Ir. In - Lb
Y

f-'---l~i!::-:;I".1.!!'~_(Kv-·Sc~~mJ .( Y.p, - em) --

nO] 1 IIA IIA 1'1,____J_.____
f----.

J'-J)I!---~)~5"I""-

Yo'" I. JIA
1 " x

~ :f

-----_.- - ..__________J~x_~1~~_~!~.:.2..2....~~1t ,I
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~--

Truck "~I ,',111
Cal~ ~I.ld\· 1\:';\ \~l\ll""hl:

Vehlcl:' 1\:'1\ '~l'l,,~~\t:
['\'s I ~n ~~ll.>t, ...t:

CanaJlsll i.Rl' D0r.,s~~

See L\t-lt>' 17
~tJ.'00 ~~1:5. ~1.~.2 t)
b,',.Ou,l~". (_'r.~ t)
8 0 00u lb•. (~0.6 t)
I:~ mph (:00 kmh)

LRC

Table 12

"R"CK U~" PRUN' "A~S.- .~ " ..
fl~~o DruO:~1 "r

Lb-Sec'-Jln In Conicity Wheel~Rse Trs...:k Ga"ge
(!\ ·-Se..: 2/ Cr:-.) (rL'11 ) N.D. In "r,m) In (",,,,)

I'heel.~t 5.6 30. 1/~0 - 1/5 97 50.5
( I. 18) (762) (2"O~) ( '435)

Irotal Truck '3·2
~nsprung (2,35)

TRUCK SPRUNG MASS

Lb-i:~~/In
Radll of Gyration In. (r:''''')

TCRR to Truc~
(Kg-Sec 2/Cm) Roll Pitch Yaw

Inci~~)Per Truck

Truck Sprung Ig.O 21.6 31 35.25 17.9

(3.39) (5~9) (787) (921 ) (455)

~olster 5.74, . 35 14.5 37.2 28.9
( 1.02) (88g) (]68) (9115) (734)

ruck and
211.711 25.8 28.11 36.5 20.5Bolster

~prung (11.41) (655) (721) (927) (52' I

I I

~~action l10tor Unpo"ered

E.M. I Nl> I
c __

0

TRUCK SUSPSNSION

NA

LonilC.

39

97
,2464)

97
(2464)

NA

(991)

50
( 1270)

NA

NA

33
(838)

92

(2337

44

(1118dI==='
88

(2235i

NA

16

NA

'6
(406)

(406)

28
(711 )

Da~per Spacings In (mm)

Vertical
From ?ORR ~ateral

I
12.4

(314 )
riA

0-355
(0-,02)

Spring Spacings In (mm)

Vertica
From ':'ORR Lateral Lor'" .

NA 1I11~0 97
1118 (21164)

16 NA 97
(406) (246~ )

16 411.0 /IA

(406) 1118

NA 88 o.
(2235)

26-31 NA
(660-787)

26-31 0-64

(660-787) (0-1626

200

(]6)

250
(45)

200
(]6)

1125

(201 )

191-382

(311-68 )

73-146
(13-26)

Da;nping

1kg~~~~~"Cr!l)
Per Truck

r
I

1500

(26e)

2068
(36g)

30000

(5356)

17000
(3035)

230000

(111066)

34000
(6071 )

Long.

Lateral

Vertical

Vertical

R

c

St iffness
Lb/ln (Kg/r;"

Per Truck

p

A

R

Y

R

I

o rLateral
N

o
A L,ong.j

I

S

E

::::itllfrle~):::; i u;'".l.f'lpln.'-: F'r'ictlonal R~:Jtraint
In-U-,/Rrld L~-":;(>c-':n In-Lb

I Y (Kv_-Cro;'l!.-a_'!l. -,(.~V~I':.:-,,,-.r~.'Cc,.:_-:.c(:2';rn-'-')~t- --,I,-,Vu:,e,,,-,,,,C,,":n..L)__._----

llj
l Roll T!lt, IIA NA

r:;on ",ro L --+-------+---~--------_f
1 1,8000

___ Ya" __'-- II_~ J__~- (_I~_'J_O_O_O_) _
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1'1'0.11..'''' '1,,'.vPt~

C~l' llo~y

Truck "'~~i(~ht (~ TI'ucks)
Cal' !'ody /i','R Weichl
Vehicle NTA WaighL

.['e51sn Speed

~Il,',\t'h wno
~"". 'I'"ble 17
,,,.,··(ti lb •. \ J l.l'L)
q118~ lb •. (:l.~\)

7270lj Ibs. (:;,~)

L'5 "rh (.'Ollkmh I

BT 10

'I'ab1e 13

. ,Ihee lset

~'i3~S

Lb-Sec'2/In
O~ ,-Sec 2/C:n)

6.8"

(1.22)'

,'qUCK UNSPRUNG ~\ASS

Dlnml2'cel'
In Conicity "heelbase Track Gauge

(","",) N.D. In (nc,) In (r.,o,)

36.0 lO~.4 ~t.~

1/ /1 0"-.3'
(914 ) (2600) ( J 4 3~' )

.Lotal 'Truck
nsprung

13.7"

(2.4") ,

.RUCK SPRUNG MASS-
~~a. ~ Radii C'f GY:'ation Ln. (IT.,,)

Lb-Sec'/In TORR to Trl.:.c
(Kg-Sec 2/Cm) Roll Pitch Yaw e.g.
P~r Truck In (r.''TI)

fcruck Sprur.>: 13.7" 35.9" 37.6' 52.0" 10.7

(2.~5)" (912)' (955)" (1321)* (I SO)

~olster 5.7" 30.7" 11.1' 32.7" 13.

(1.02)" (780)' (282)' (831 )" <330 )
rruck and 19.4' 35.4' 33.2" 31.1" 25.50301st~r

~prung <3.47)' (899)" (8~3)* (1l97l*

~I'action
Unpowered'!Olor

E.H. Brake I NA

TRUCK SUSPENSION

lIA

9?6 n.4

(2530) (570)

?7
HA

(685)

7P
HI,

\ ~ "82)
._--

80

(2032)

18

18

(458)

24.8

(£30)

VE'rtical!
Lo~~.Lon". From TORFI L~teral

102.4 80 102.4
NA

(2600) (?032 " (?60o:

102.4 18 102.4
NA

(2600) (~58) (2600)

80
NA

(2032)

78.0 O.

(1982)

O.
riA

78
fJf\

:1982)

NA

80

(2032 )

llA

18

18

NA

24.8

(630)

18

(457l

( 457\

Vertical
F"om TDm Lateral

l"i) •3000'

r------.,.------,--------------,--------------,
Spring Spacings I" (nun) Da"per Spacings In (IT,")

Ii

E

c

o

Damping
St if fne S5 Lb-Sec/In

Lb/In (Kg/em (r:;:-Sec /CtrJ
Pe:- T!":JCK Per Truck

p
23000" 56'-1167'

VerticaJ.
R (4107)* (10*-83' )

r
2250-7.7Xl 06. 19'-12200'

11 Lateral
218·(-1.4xI0 6, (3'·?180')

A

R 12250-7.7xl0 6 19*-12200"

Y
L,,~g.

2187-1.4xl0 6, (,*.2180")
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'l'r'ucl{ 'l'ypl'
Car ~oJy

'l'rucK "~lt',,:ht (2 ':lr\l ..... "'S)
Cnl' ~~dy RTH WCl~tlt

Vehicle RTR Weight
Deslgn Speed

Russ I ,n l-:R _'00
See' 'Llbl,' 17
~711~ I~•. (20.)
70:1 Ii.'. 131.8t)

J n ~ 'I C 1\,. (57.8 t )
1 ~5 nlrtl \ :00 kmh)

ER 200

Tat1e 14

TR"CK lIN~PRlIN(J MASS-
Ma~s Dle:!le:er

·Lb-Sec ITn In Conicity Wheelbase Track Gauge
0';,,-Sec2!C~) (mm) N.D. In (m.,,) In (.-.m )

9.7' 37.11 98.11 60,0
,o/heelset

J/~0'-.3'

(1.73)' (950 ) (2500) (1524)

,otal Truck 22.8'
Unsprur.g (4.08)'

"

TRUCK SPRUNG MASS
Mas~ Radll of Gyration In. \=)

Lb-Sec lIn TORR to Truc;
(Kg-Sec 2/C'm) Roll Pitch Yaw c. g.
Per Truck In ('-"1'.)

ruck Sprung ~2.6'
38.4 1 36.9' 52.9" 19,7

(7.43)1 (975)' (937)' (1344)" (500)

~olster 5.2' 28.5" ~.9" 28.7' 36.3
( .93) I (724 )1 (12~)' (729)' (922)

/Truck and
37.8 1 35.81 50.8' 21. 5!Bolster ~7.81

~prung (8.53) , (960)' '894)' (1290)' (546)

~ract1on Powered I
~otor

I
3.61

E.M. Brake i !II I

TRUCK SUSPENSION

• I Damping Sprlng Spaclngs In (rnn ) Da,per Spaclngs In ("",,)
Stlffness Lb-'Sec/Tn

Lb/In (Kg/Cm tKb-Sec IC,) Vertlca Vertlcal
Per Truck Per Truck From TORF !...ateral Lon",. Fro", TORF Latcral Lon".

P 31000 109"-9~4' 82.7 98.~ 95·3 98.~

Po
Vert1ca:!.

(19'-169")
NA NA

(5535) (2100) (2500 ) (2~20) (2500)

I
3. 2xIO~-2xI07. 51'-320CO' 18.7 98.4 ;.3.7 98.~

l~ Lateral
5.7 XIOg-3.6 NA NA( 9--5700") (~75) (2500) (475 ) (2500)A xl0 I)

R 3.2xI0~-2x107 51"-32000' 18.7 82.7 18.7 82.7
y Long.

(5.7>lng-~·_6
NA r;A

(9'-570v") (~75 ) (2100) (475) (2l 00 I
xlO ')

S
Vertical S850 432 1

NA 82.7 o. riA 117. 3 o.E'
(lv45) (77" ) (2100) (298e)

C
32C!O' ] 45"-430 1

37.~1 O. 30.2" 19.7
0 Lateral NA(571") (;>6'-72' ) (950)' (9?Oj' NA

(·~oo )
II

D C,BGcO-]6. :1'- 10 1 124 '-~18G[11 24.6 lOil.] ,,1.,6 10e.l
•. Lonf':. ('0500 - , • NA

I~.' -<-; I (t2.l-9nO') (625) (2'( 46) i ( f,) (27~r, )

R
~__ rlQ..~ , , ___ t-->ITT,"". j ,.,,", rrlctjonal H'~':J tra.1l1l ~

y In-LlJ/Rod LD-Sec-IJi In - I.lJ\==:__._ .J!"C"/D" '- ..10.'c' -_CoL (rv - Cm)

nu 11 :iA NA II~

-------- - - -- j T""X""1O~(, ( .--;10)"---
VO'd I 1,/\ ll~

1 ()'.JI? , 1 , tu 10. II " 10';" )
~~---- --- ~'-'---'----' . - - - -----_.- _.. -- - ... -------
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"'!,1'UCK Type
Cat' t10dy

Truck WeiGht (~ Trucks)
Car B-:>dy H""f{ Wl'lrht
Vehic Ie l\'j'R WdGht

Design Speed

P-ll1
S.'" Tahl,' 17

.";:" 0 1bs, (L' ,Ill )
"l")" ,1 (14. Qt )

104 y;,' 1us, (~7,)l)

l~lv m.,h ~19J kmh,}

P - III

Table IS

TR'I'K UNSPRl'NG M'~S,c , ,..
r!..:l~s lJ,aT.elcr

Conicity "''heel base Track .1 3 I.O.geLb-Sec"!In In
~K-:-S~c~!C"') (Jr•.,.,) N,D, In (I:',m) In (rr~)

8.9 36. 102. ~f 5
,'heelset 1120

(1.6) (91~) (259l) (14 35)

~otal Truck 17.8
pnsp::-uc.g (3.2)

~RUCK SPRUNG MASS• (r.c,,)N3.sc:: Radii of Gyrat.ion In.
TORR to TruckLb-Sec ~lIn

(Kg-Sec 2/Cm) Roll Pitch Yaw e.g.
Per 'I'ruck In (rr.-.J

9.B 31. 5 19.1 33,1 IB.6
I;>::-uck Sprl.:ng

(1. 7) (BOO) (485 ) (968) (~7 2)

7·9 37,2 8.7 37.4 26.3
~olster

(1. ~) (9 45) (221) (950) (668)

lruck and i 17.7 34.4 15.8 S7.8 22.2
~olster
~prung 0.2) (B73) (402) (960) (564)

lract10n Unpowered
J-totor

E.M, Brake
I

NA I_____--L.-- ,

TRUCK SUSPE~SION

•
102

102

(2591)

(2591)

46

(1168)
NA

18

Damper Spacings In (~~)

Lun'-.

10~.

102.

(2591)

(2591)
NA

46.

(1168)
NA

18

( 457)

Spring Spacings In (mm)

Vertlca'
From TOR' Lateral

Damping
Lb-Sec/In
(l'f-"eC! Crr,)

Per Truck

34 0*-8 5CO'

35'(" to 1000"

(77" to 216')

(61*-1520')

Stiffness
Lb/In (Kg/Cm

Per ':'ruck

6~5000

(115164)

f !100000.
Lateral

(732051l

Vertical

A

p

M

R

I

R

y
'! 11~0000.

Long'l
. (210/)88)

18,

(4571

46.

(1168)
NA

18

(457\
NA

S

E' Vertical

C

o

N

Lateral

3700

(G61)

~000 200

(36)

NA

~O.

(10lG)

90.

(2286)

NA

O.

O. 29.

( 737)

87.

(22] 0)

lIA
O.

R --------S-t,lrf-:-;--::55~-· D[lmp~ -- - FrlctlOr\Erl Rcctraint
y In-L~/;Jad Lb-.scc-~n In - Lbr Roll I (y,r~~%d_'- J.!.'·-I~~'o-r;T1L ....J.rLI~:--C.nJl-_--

',"- --t----+---------t--------·y.!~.: I·! 1\ tlJ'" .9 ,. JO~
____._~ . .. . . ~~._.!:_}i!~ _

fJ

A
Long.

2)QQQ

(l~ )

20.

(508)

IG8,

( 27113)
IIA

20,

I (~C8)

108.

(?7~ 3)
NA

- 84



'l'I'u,:k 'l'y,'\~

Car l'oJy
Truck 'elf-ht (2 Truck.)

Cal' 1,...·,Jy ETR '.>.'el~tlt

Vehicle RTR Weight
Design Speed

U~i I Ml.-\t t'll 1111('\'

"",- 'l',,1'1. 11
II '/ ""ll Ill:). (.'1".4 t )
J:"':J~ no (q.·'t)
1',.'~~,1 !l's (~".l()

1 t- 0 ,-,ph (2~e kMh)

Metro1iner

Table 16

"RliCK 1'1'Si'RliN,' flASS,
~:a~s Ula::cter

Lb-Scc</In 1" Conicity Whcetb~)e Track Gauge
O"-Sec 2/C,,,) (",.,,) N.D. In 1i'JT1 In ("m)

f.'necl.et 12.5 36. 1/20 102 56.~

(2.23) (91~) UScl) (1435)

otal Truck 29.1
~nsp,'ung (5.20)

TRUCK SPRUNG MASS
~.:as~ Radii of Gyration In. (n.,,)

Lb-Sec lIn TORR to Truc~

(Kg-Sec 2/ Cr.1) Roll Pitch Yaw c,g.
Per Tr1.:.ck In (",:n)

ruck Sprung 25·2 24.6 31. 2 37·5 20·3
(~ .50) (625 ) (792 ) (953) (516)

polster 6.9 31.2 8.1 37.4 27 .6
(1. 23) (945) (221) (950) <701 )

i'ruck and 32.1 28.6 28.1 37·5 21.9
~olster

(5.73) (126) (714 )~prung (953) (556)

r3.ction 10.8
<totor (1. 93)

I

I

I
E.M. Brake I NA

--- -._---,------"

TRUCK SUSPENSION

•
Damping Spring Spacings In (mm) Darr.per Spacings In (mm)

Stiffness Lb-'Sec/ln
Lb/ln (Kg/Cm (Kg-Sec /~m) Vertlca~ Vertic"-l

Per Truck Per '!~uck From TORi' Lateral Lon". Froel TORF Lateral Lon".

P 109000 260 79 57.5 79 102
Vertical NA NA

R (19 'j62) (46.4 ) ~ 2001) (l~61) (2007) (2591 )

I
55800 260 18 57·5 18 102

~l Lateral NA NP.
(9963) (46.4) (457 J (1461) (457) (2091)

A

II :.,?8oo 260 18 79 18 79
y Long. t1A NA

(9963) (~6 .4) (~57J (2007J (457) ( 2ro?)

S 77/i0 115 92 99
Vertical NA 0 NA 0

E (382) (20.5) (2337 ) (2515)

C
33P,G 17:J 39 37

0 Later'l NA 0 rIA 0
(GoS) (30.9l (991J ( 9iiO)

N

D 9~/-:60 78 ?l 108 ;-} 108
Lcmg. riA m.

A (l~259) (13.9) (513) (27~ 3) (53)) (2-1 ~ 3)

~tJ !'fness lar,1pTr~-
~R _0

------vr:Tr'c.1omll [{('r;tr;drIL .

~""I'" "-0"-,,, lr.-Lb I
Y _ (y',·-~,,~/R_~c-J!J:-:~'.~c_-C~) tJ:'L::c,&-- . --._-----/
f-":::, --~,~- --ri?-- !i!

1-_-----.--------_. --I

I

] .7x]()).~,~xln-' I I
'P-' . .. . --- ----. . .- .. - .- r J_..:...:~('1j,.w..~~J_~__ , _J

- 85 1--_·-
I Reproduced from
I[ best available copy.



4.3 Car Data

Car body data for each high speed truck in Section
3.2 are provided in this section. The data are org~nized

in a common engineering format and include such parameters
as body mass, radii of gyration, geometry, and the first
flexible car body frequency. These data are presented
in one line of the table to enable comparisons to be
made by looking at the the table. .

The car center of gravity unless definitely specified
was assumed to be at the geometric center in both the
lateral and longitudinal directions and one-third the
height from the floor to roof in the vertical direction.

The radii of gyration calculations were based on a
car body weight distribution of half in the car floor,
one-sixth in the roof, and one-sixth at each side.
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5. INFLUENCE OF TRUCK SUSPENSION PARAMETER
VARIATIONS ON RAILCAR DYNAMIC RESPONSE

The influence of truck suspension on vehicle dynamic
response is characterized by the changes in natural fre­
quencies and associated modal dampings of the vehicle
dynamic system associated with changes in the truck sus­
pension parameterso The railcars using the 15 trucks
described previously have many features in common which
allow a common approach to characterizing their dynamic
response, namely:

(1) Individual cars are approximately symmetrical about
a vertical-transverse plane through the car body
center of gravity. This allows the vertical input
to the trucks· due to rail irregularities to be parti­
tioned into the average of the two truck motions
which drives purely symmetrical vertical vibrations,
and the out-or-phase motions which drive purely anti­
symmetric (pitch) vertical vibrations.

(2) Inaividual cars are approximately symmetrical about
a vertical-longitudinal plane through the car body
center of gravity." This completely uncouples the
roll and lateral dynamics from the vertical and pitch
dynamics. This and the preceding symmetry completely
uncouple the anti-symmetric (yaw) dynamics from the
other dynamic responses.

(3) The symmetric vertical responses of all 15 cars have a
lowest resonant frequency which is well approximated
as a rigid car bouncing on the primary and secondary
vertical suspensions in series (the car bounce fre­
quency).

(4) All 15 cars have the two lowest resonant frequencie~

in response to roll and/or lateral wheelset inputs
well approximated by the response of the twc degree
of freedom system consisting of the rigid car on its
lateral and vertical truck suspension, where the pri­
mary and secondary springs are in series and the truck
sprung mass is neglected (referred to as the lower and
upper car roll-lateral resonant frequencies).

For the 15 high speed trains described in this report,
the car bounce, lower and upper roll-lateral, and rigid-body
car pitch and yaw resonant frequencies are all between 0.5
Hz and 2 Hz. These frequencies are controlled to a large
extent by the secondary vertical and~lateral spring stiffnesses.
A 10% change in secondary spring stiffness will cause between
7% and 10% change in overall vertical stiffness (between 3.5%

- 89 -



change in car bounce resonant frequency). However, a 10%
change in primary spring stiffness will cause only between
0% and 2.5% change in overall vertical stiffness. The
overall lateral rate is even more closely controlled by
the secondary lateral stiffness than is the vertical rate
by the secondary vertical stiffness.

The resonant frequencies between 0.5 and 2 Hz should be
as low as possible so that good riding qualities will ensue,
by virtue of the isolation of the car body from track ir­
regularities at frequencies above these resonances. Sufficient
damping must be provided in these modes to control the re­
sonant car body accelerations, yet the damping should be
moderate since it provides a path for transmission of vibra­
tions at higher frequencies.

All 15 truck suspensions have some vertical damping in
both the primary and secondary suspensions. For trucks where
data is available, the modal damping at the car bounce fre­
quency is between 13% and 20% of critical damping. The car
bounce modal damping is largely controlled by the damping
in the secondary vertical suspension, and this damping is
higher than it would have to be if it were connected from
car body to unsprung mass.

A formula for estimating modal damping of the car body
bounce resonant mode is

% of Critical 2 C
s ( kp

2
Cp ( ks

kS)
+

kS)Damping kp + kF +
2m Wm ,,,

Where Cp = Vertical damping in primary suspension,
Ib sec

in

C Vertical damping in secondary suspension,s =
Ib sec

in

k
Vertical stiffness in suspension,p = primary
Ib
in

k s Vertical stiffness in secondary suspension,
Ib
in
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m

W
m =

Mass of 1/2 the Car Body, lb sec 2
in

Resonant Car Bounce Frequency, rad./sec

The range of fractions of critical damping found in the
15 trucks tabulated controls resonant acceleration and also
should serve to maintain the car body within its clearance
envelope as defined by the bumpers, for all but relatively
large track irregularity inputs which occur relatively in­
frequently. In other words, the low frequency modal damping
serves to prevent frequent vertical bumper contact. A lower
bound on the car bounce resonant frequency is set by the cri­
terion for infrequent bumper contact as well as acceptably
low car floor vertical acceleration levels.

The damping in the lateral truck suspensions is not well
specified in the literature. It is also hard to estimate since
the 15 railcars studied have ratios of lateral secondary to
net vertical spring rate which ranges from 0.27 to 1.1 Also,
some of the trucks studied have roll bars. The roll-lateral
low frequency dynamics is more complex than the vertical due
to there being two coupled modes. The variability between
cars and the relatively complex dynamics make it impractical
to generalize about the influence of lateral damping on dy~amic

response.

Several important low resonant responses above 2 Hz are
associated with the truck mass between primary and secondary
spr~ngs and the car body as a flexible structure. There are
two degrees of freedom which cause two resonant responses in
the range between 3 Hz and 12 Hz for all but one of the lS
cars covered herein. These resonant responses can be better
understood by identifying two single-degree-of-freedom dynamic
sUbsystems whose resonant frequencies are closely equal to the
total system resonances provided. The subsystems are nearly
uncoupled. The truck mass between primary and secondary springs,
if treated as rigid (the truck sprung mass), has a vertical
degree of freedom which yields the truck bounce resonant fre­
quency. The car floor is assumed fixed for this subsystem.
This frequency varies between 3.5 Hz and 7.5 Hz for 13 of the
15 trucks described in this report. It is relatively uncoupled
from the car bounce mode, by virtue of occurring at more than
3 times the car bounce frequency. Therefore, the subsystem
resonance is close to the corresponding total system resonance
provided flexible car behavi0~ ~s !lot signifi~2~t at the truck
bounce resonance.

In 10 of the 15 cars, the car lowest resonant frequency as
a free beam in space is between 1.2 and 2.0 times higher than
the the truck bounce frequency. Thus, in these cases it is
counled to the truck hounce frequency. The Italian Zl040 has
a ratio greater than 2.0. For two vehicles the car frequency
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was unknown. The AMCOACH and Metroliner have truck bounce
frequencies of about 26 Hs, and car body free beam rescnances
of about 7 Hs and 10 Hs, respectively, which is i~ the range
of the other 13 car bodies. The relatively high truck bounce
frequencies distinguish these vehicles from the other 13.

The Metroliner has a power transformer equal to atnut 10%
of the car body weight sprung under the center of tLe car at
about 4.5 Hs, which influences its low frequency dynamic be­
havior.

The primary vertical springing provides between 70% and
92% of the total stiffness for the truck bounce mode. Thus,
a given fractional variation in the primary springing has more
effect on the truck bounce resonance than the same variation
in secondary springing. The primary and secondary vertical
dampers work in parallel to control the truck bounce ;;;ode.
For most of the trucks described, the primary vertical damping
is not specified. It should be selected to supplement tne
secondary in sufficiently damping the truck bounce mode whlle
not being so high as to transmit excessive high frequency vi­
brations.

The low frequency dynamics of some of the railcars reported
is modified by the addition of a linkage which provides tor­
sional restraint between each truck and the car body. The pur­
pose of this spring (referred to as a roll bar) is to prevent
excessive lean or. lateral motion of the car in response to
static or quasistatic side loads, such as occur when operating
at overspeed or underspeed on curves. The excessive lean is
accentuated by cars with center of gravity relatively high a­
bove the suspension, or relatively soft suspensions, since the
roll moment augment due to center of gravity lateral shift be­
comes of major importance in adding to the lean and lateral
shift on these cases. Several of the trucks have active tilt
control to help prevent lean. It is not known whether or not
this control influences dynamic behavior.

All the cars described have some provision for allowing
truck yaw ~ith respect to the car, as necessitated for travers­
ing curves. In ,most cases frictional or hydraulical damping
is included with a geometry which allows yaw without static
restraining forces. In some cases the yaw occurs through springs
which do offer static restoring forces. The yaw damping is neces­
sary to control the combined yaw and lateral motion of the truck
as it steers by virtue of its coned wheels. The damping should
be maintained at a level sufficient to maintain stability while
being low enough not to cause flanging on curves.
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It is recommended that tests be performed on any or all
of the high speed trucks included in this report or that
communications be extended to the countries involved. Either
method will enable the data extracted from the references to
be verified, the engineering estimations where asterisks ap­
peared in the table to be substantiated and the areas where
reasonable engineering approximations could not be performed
to be completed.
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APPENDIX A

Report of Inventions

The main purpose of this project was to tabulate trucK
and car body data for rail vehicles traveling at speeds of
125 mph or higher. 'No inventions were achieved durin6 the
performance of work under the contract. However, the tabulated
pngineering parameters in this report can be used for modeling
of rail vehicle dynamic performance which may lead to improve­
ment of ride quality and operational safety.
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APPENDIX B

Photographs of High Speed Trucks

This appendix contains photographs of the fifteen selecte1
12~ mph high speed trucks, courtesy of these publications:
Chemins de Fer, French Railway Techniques, Rail Engineering
International, and Railway Gazette International.

Pictures of the zl040 and B?IO truck are represent~tive

of them, but it is unclear from the literature if they are
the actual trucks. All the other pictures contained in this
appendix are the actual trucks.

- 108 -

u:

.'\!
1

}
~,


