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INTRODUCTION

Background

T3C is supporting the Federal Raillrcad Administration's
improved passenger servilce program by providing engineering
data tc support the development of truck design specifica-
tions for use 1n high speed passenger service. A part of
this 1neludes analysls of the sensltivity of vehicle per-
formance characterlstics to vehlcle 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 compllance,
damping and sprung/unsprung mass characterlstics represent
a major influence of wvehicle stabllity and are important to
the truck cptilmlzation process. To date, however, there
has been no systematic effort to catalog this data 1n order
to characterize the diverse population of current and pro-
posed truck designs. The purpose of this project has been
to assemble such data tec characterize passenger truck
configurations for use 1n parametric studies to assess the
influence of truck (and vehlcle) parameters on performance
characteristics such as vehicle stable performance and rilde
vibration.

The Budd Company, a2 majcr developer of rzll vehiecle/
truck systems, has collected a llbrary of data on many truck
designs from: internal development projects; published
technlcal 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
dats presented in thils report is limited in scope 1n that it
is information which was avallable and retrievable from The
Budd Company flles only. :

Objectives
The obJectives of this contract are as follows:

-~ A Compllation of truck design configurations in
current use or proposed for use in improved inter-
city raill passenger service.

- A tabulation of the engineering parameters necessary
for medeling of the dynamic performance of a raill car
equlpped with these trucks, obtainable from current
data.
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- A descriptlon of car body types in current use or
proposed for U.S. passenger service.

- Tabulatlon of the mass and stiffness properties cof
the above car bodles,

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 .
Literature Search for Passenger Trucks

An extensive search was conducted 1in the data bank and
engilneering files of the Budd Technical Center as well as
collaboration with other Budd staff members to develop as
complete a 1ist of passenger trucks which are in use or pro-
posed for use in U.3. rail passenger service as possible.

Wnen it became apparent that complete physical descrip-
tions could be provided for only a few of the passenger
trucks, the Technical Monitor deslgnated 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.

.2 Truck Data Description and Illustratilcn

A description and a spring-mass—-damper sketch of each
truck was made to aid 1n clarifying each high speed truck.
The description includes Informatlion on the primary and
secondary suspension systems and a brief history of the truck
whenever avallable.

.3 Truck Data Tabulatlon

This sectlion includes a malor portlon of the work per-
Fformed on this contract; i.e., analysis of the information
avallable to obtaln detalled dynamic data. Several engineer-
ing articles for each high speed truck were studied before
attempting a data tabulation. Several lteratlons were made
to achieve an appropriate engineering format. Tables of truck

~iInformation were primarily based on the raw data and englneer-



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

R Estlimates were made based on The Budd Company's experlence in
the railcar industry and should be treated as .engineering ap-
proximaticons.

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.

I3
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2. TRUCK LIST
2,1 Passenger Truck List

This list presents the passenger trucks which are
based on the Budd Company's -available data and literature,
Trucks from France, Germany, Japan, Switzerland, Italy,
Sweden, England, Canada, Australia, U,S.5.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.
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Hlgh Speed Trucks

The passenger ftruck 1list just provided in sectlon 2.1
has been condensed to include selected high speed trucks
for which engineering data will be presented and they are

as follows:

French:

Italian:

German:

Japan:

Canadian

British:

Russian:

The above high speed trucks have been included because
the most complete data tabulations could be provided.
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 desligned for 120 mph (193 kmh).

Y-28
¥-32
Y-224
Y-225
V.-226

Fiat Eurofa
Z 1040

ET-4073
Minden Deutz

DT 200

LRC

BT 10

ER 200

P-I1I
Metroliner

- 15 -



TRUCKX SUMMARY
General Truck Characteristics

The baslc design characteristics of the high speed trucks
listed in Sectlion 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,
ailr spring secondary suspensilon, roll bar, active tilt control,
equalizer beam, articulated train, and electromagnetic brakes.

The conventional yaw plvot 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 i1s a primary vertical suspension
having the vertical bounce resonance of the truck on 1ts springs
of 8 He or less. The calculaticn of this resonant freguency
considers the two degree-of-freedom system of the car body on
its vertical springs coupled with the truck on its wvertical
springs. Typlcal practice 1s a 1 Ha secondary.

A rigid truck frame 1s a truck frame which is considered
to have no flexibilitiles, and a powered fruck is one which has
motors attached to the truck, eilther axle mounted or frame
mounted.

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

Alr spring secondary suspension pertains tc 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 te 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 mechanism 1s activated.

An articulated traln applies to those trucks where the ends
cf two car bodles rest on a slngle truck.

An equalizer beam truck 15 one where equallzation cf the
truck is provided by the equalizer beam and its springs. This
configuration allows the springs to be mounted longitudinally
inboard of the wheels. Electromagnetlic brakes refer to trucks
which have brakes whilch react with the rail.

- 16 -
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Summary of Truck Designs

The basic design characteristlcs of the high speed
trucks tabulated in Sectlon 3.2 are presented 1n the Truck
Summary Table on the followlng page. The first parameter
included 1s conventional yaw pivot which 1s composed of a
center pivot arrangement. Trucks such as the Y-28 and Y-32
which utlliize resiliently mounted traction linkages are not
considered conventional yaw pivot

& soft primary suspension 1s ccnsidered to apply to
systems having a truck bounce frequency less than 8 Hsz.
The P-I1I and the Metrollner are distinguished from %he
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-ITI which 1s an articulated frame with inde-
pendent side frames.

Other features included in the table are powered, swing
hanger design, alr spring secondary, and rcll bar. From the
trucks presented, there are flve 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 actlvated.

The Y¥-225 is the only truck used in an articulated train,
which 1s a vehlcle having the ends of two passenger cars rest-
ing on a single truck.

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

There are nine trucks which have electromagnetic brakes.

- 17 -
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1

TRUCK AND CAR DATA COLLECTION
Truck Descriptlion and Illustration

A description and a spring-mass-damper sketch of each
high speed truck mentioned in Section 2.2 are presented in
the followilng pages. Wherever avallable, a brief history is
glven 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:

ﬁa - primary suspension three directional
flexibility and inherent damping

- elastic element and inherent damping
- viscous damping element

=3
E}_ - c¢arbody connection

Definitlons of terms contained in the descriptions and
sketches are as follbows: ,

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

Bolster - a load bearing crossmember
whilch is not rigidly con-
~nected to the truck frame.

Equalizer bar ‘ - a member located in the
center of a truck which
the center pivot connects
to. :

Equalizer beam - equalizatlon of the truck
is provided by this struc-
tural plece and its springs.
There are two equalizer beams
per truck.

Rocll bar - is & bar which 1s mounted in
a manner which provides addi-
tlcnal rell stiffness to the
secondary suspension.

- 19 -



Slide pad

Swing link

Traction linkages

- 20 -

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

2 link which permits lateral

motions to occur and provides
the lateral secondary suspen-
slon stiffness.

linkages which take braking
loads.,



Y - 28

The Y-28 truck 1s 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 conslderable size. Each group 1s
located ocutboard of the wheels. The sllentbloc material
which connects the axle to the truck frame provides sufficient
stiffness 1n the lateral and longltudinal direction toc keep
the axles relative to the truck frame, and in the vertical
direction adds to the stlffness of the colil springs.

The secondary vertical suspension is made up of two groups
of two coiled springs per truck, each group beling represented
in the sketch by a single elastic element and two hydraulic
shock absorbers to control the vertical movements. There are
ftwo swing links between the body and bolster which are articu-
lated at the lcwer 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 is a lateral shock absorber to control the lat-
eral displacement between the body and the truck.

A roll bar helps to control the relling motions between
the truck frame and bolster, and 1s 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 tracticn linkages arranged longitudi-
nally between the truck frame and two crutches forming part of
the bcdy 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 hellcal spring and Belle-
ville washers, resulting in progressively varying degree of
elasticity. Stops engage 1f force 1n wire rope reaches 12
metric tonnes which 1s rare, The ultimate fensile strength
is 24 tonnes.

The vertlical and lateral car body lcads 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 connectlions through the traction linkages to the
truck frame and finally goes cut through the primary suspen-
sion.

- 21 -~




Y - 28

Coll spring for vertilecal
secondary suspenslon

Bolster

-Swing link for lateral /secondary,
suspension ]

ILateral secondary

Truck frame - &
cross member | -- ‘ e / damper
Truck frame ‘ g .
\ v X
-

X

Roll bar

Traction linkages for yaw and
longlitudinal suspension

Axle /' ‘
Wheel Primary suspenslon

Flgure 1
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’ Y - 32

The Y-32 truck 1s designed for the European standard truck
and for speeds 1n excess of 125 mph.

The primary suspension l1s ccmposed of four steel coilled
springs for vertlcal stiffness. Flexible connections between
the axlebox and truck frame result in three-dlmensional flexi-
bility which gives lcngitudinal and lateral stiffness, and in
the vertical direction adds fo the stiffness of the coill 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 suspenslon of the bedy, and enable
the truck to rotate. There are hydraulic dampers controlling
the vertlical and lateral movements of the coach In relation to
the truck.

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

The fruck has a roll bar fitted between the truck frame and
the carbody to provide additional roll stiffness. A yaw damping
arrangement relylng on the truck rotating in relation to the
body is alsc a feature of this truck, and only damps yaw rotaticnal
motions.

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

The longitudinal loads proceed from the carbvody brackets
through the tractlon linkages into the truck frame and out the
primary suspension,



Y - 32

Vertical and lateral suspension
stiffness by coll spring

Secondary vertical damper

.Secondary lateral damper

./ '

&

Longitudinal articulation
, beam

Truck frame ] pr
tubular
Cross member

Truck ] ’
frame (»"4
- Primary
Jv ' verttcal
damper
d (N
. Roll Bar

AN

Secondary yaw damping
arrangement

Wheel 1'
\J
Axle ' 22N Traction linkages fer yaw

\ and longitudinal suspension
Primary suspenslon stiffness

Figure 3
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French ¥-224

The Y-223 and Y-224 trucks are used on the R.T.CG. French
turbotraln. The turbotrain is composed of two turbine power
cars at the ends cof 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 gquite simllar. 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 1links which provide
the lateral and longitudinal stiffnesses. There are four verti-
cal hydraullc shock absorbers,

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

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

The vertical and lateral loads are transmitted from the car
body to the hellcal springs wlith rubber inside through the truck
frame and 1s taken out by the primary suspension.

The longitudinal lcad is fransmitted from the carbedy through

the center pivot to the equallzer bar and the rubber bushed rods
into the truck frame and out the prlmary suspension.

- 27 -



Y ~ 224

Vertlical, lateral and longltudinal
Secondary vertical damper suspenslon by coll springs with
rubber inside

Secondary lateral

damper rimary vertical damper

Center Pivot

Equalizer bar

Truck frame

Rubber bpushed rods

Truck frame cross member

Figupe 5
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Y-225

The Y-225 truck which is used on the French turbotrain
TGV-001 (producticn versicons will use a Y-229 B truck similar
to the Y-226 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-001 hit a speed of
318 km/hr or 199 mph. By December 1974, TGV-001 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-001 is composed cf two power cars with three trailler
cars between them. The flve cars are supported on six frucks,
all of which are powered. The TGV 1is 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-
ticns. This suspenslion system provides vertical, lateral, and
longitudlinal stiffnesses. Four hydraulic anti-pitching dampers
complete the system.

The secondary suspension consists of two Sumiride air
springs per fruck. 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 alr springs operate vertically
only. The vertical damping comes from the ailr 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 skeftch by four elastic elements. The deforma-
tion of the sandwiches in shear permilts the rotation of the truck
in relation to the beody. Twoc stops, which are not represented in
the sketch, each dxerting its effort gradually, 1limit the total
lateral displacement beftween car and body to + 80 mm or 3.17 1nches.
A hydraulic shock absorber provides control of lateral movements.

There 1s a yaw damping arrangement 1in the secondary suspensicn
which 1s composed of a bar wilth hydraulic dampers connected to the
car body, and this 1s located on both sldes of the truck as shown
in the sketch. Thils device also keeps the truck on the line bi-
secting the angle between two adjacent car bodies.

The vertical lcad 1s transmitted from the carboedy through the

alr springs into the rubber sandwiches %o the truck frame, and then
1s taken out through the primary suspension.

- 30 -



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 longitudlnal lcoad 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 ocut the primary suspension.
This T-shaped member 1s resiliently mounted within the truck
central cross member and 1s restralined laterally and longitudi-
nally, but allows vertical motions.

- 31 -



Y - 225

Vertical stiffness and damplng by alr spring

Yaw damper arrangement

T-shaped member

for yaw pivoting
Two lateral links

to ensure zir L
springs only work &
vertically

Rubber sandwich
for lateral
secondary
stiffness

Wheel

Axle Truck frame

“’\\\\Primary damper

\\\\Primary suspension stiffness

Lateral seccndary damper

Figure 7
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French Y-226

The Y-226 truck is used on experimental motor coach
No. Z7001. Since entering service in April of 1974, motor
coach 27001 had run 125000 km 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 longltudinal and lateral suspension
consists of alternate steel and rubber rings around these guides.
This arrangemnt allows the stiffness toc be varied in the longi-
tudinal and lateral directions.

The secondary suspension 1s 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 inecreasing resistance so that the lateral truck
body movements are limlited to 70 mm or 2.77 inches and these
stops are not shown in the skefch. There is one lateral and
twe longitudinal dampers per truck. The truck rofation is
limited by four stops.

The vertical and lateral lcads are transmitted from the car
fhrough 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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¥ - 226

Vertical, lateral, and longitudinal
suspension stiffness by coll spring
wlth rubber inside

Vertlcal secondary damper

Longitudinal
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Wheel

Primary vertical damper
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\\\?rimary suspension stiffness

Figure 9
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FIAT Eurofa

This Fiat truck 1s similar to the Y-32 truck previously
described. Both the Y-32 and Fiat were deslgns for the
European standard, and are capable of speeds 1n excess of
125 mph.

The primary suspenslion of the Filat is composed of four
helilcal colleéd springs toc provide vertical stiffness and flex-
ible connections between the axlebox and fruck frame to provide
longitudinal and lateral stlffnesses 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 cver the truck side frames. These
helical springs provide both vertical and lateral suspension
stiffnesses. There are two hydraullc dampers contrclling the
vertical movements .and two controlling the lateral movements.

The truck has a rollbar to provide additicnal 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
carbedy through the helical springs 1nto the truck frame and
out the primary suspension.

The longltudinal load path follows the center pin through

the equallzer bar and llnks intoc the truck frame and goes out
the primary suspension.
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TIAT EUROFA

Vertical, lateral, and longlitudinal
secondary suspension by coll spring

Truck frame cross member

Vertical
secondary
damper

Truck
fhame

Equalizer bar

\ Rcll bar

‘Center pin

Figure 11
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FIAT EUROFA

Courtesy of Rall Erigin"e"ér'in_g_ International
Figure 12
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Italian 7 1040

The Z 1040 trucks are used on the Italian State Railway's
improved ALef0l electric motor coaches designed for 200 km/hr.
The truck is a swing hanger type design and 1s powered.

The primary suspension consists of eight helical springs
for vertical stiffness. Inslide the helical springs are mounted
coencentric vertical tubes containing rubber segments, internal
springs, and phenolic plastic bearings. This arrangement pro-
vides lateral and longitudilnal stiffnesses and alsc damping of
the primary helical springs because of frilction between the
phenclic plastic and the vertical tubes. The primary damping
is represented by the symbol for viscous damping in the sketch.

The seccondary suspensicn 1s 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
sketeh. Damping of the secondary is obtalned by two vertical
and four lateral hydraulic dampers, only two lateral dampers
are shown in tlhe sketch.

The car body rests on the bolster with a center pin to
allocw 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 lead 1s transmitted from the carboedy through
the slide pads and ceriter pivot through the bolster into the
secondary vertilcal suspension down to the spring plank through
fhe swing link to the truck frame, and finally out the primary
suspension.

The lateral load is transmitted from the carbedy through
the center pin iInto the bolster and coil springs to the spring
plank. It then gces thrcugh the swlng 1links to the truck frame,
and finally out the primary suspension.

' The longitudinal load follcows the center pin to the center
pivot through the bolster, and then through a rcd connected
between the bolster and truck frame. The longitudinal load
then goes out the primary suspension., .
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2 1040

Truck frame
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Flgure 13
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Courtesy of Rall Engineering International

Figure 14
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German ET-403

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

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

The secondary suspensicn 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
rctation. After 15 mm alr 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 moticns by being located
a distance from the lateral truck centerline. This truck 1s de-~
signed for body tilting of up to four degrees.

The vertical and lateral loads are ftransmitted from the
carbody te the ftruck frame by the air springs, and then go out
the primary suspension.

.The longitudinal lcad goes through the center pin and the

center piveot into the egualizer bar through the rubber bushed
rods, and Iinto the truck frame and cut the primary suspension.
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ET - 403
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Filgure 15
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German Minden Deutz

This particular Minden Deutz truck is designed for
200 km/h or higher and was one of the four deslgns submitted
for use as the European standard truck. The ftruck is a
swing hanger type design. )

The primary suspension 1s composed of eight helical coil
springs for vertical motions, and elight leaf links for lateral
and longitudlnal motlons. There are four hydraulic dampers
for restricting vertlical motions.

The secondary suspenslon comprises four helical coil springs
mounted between the spring plank and the bholster only two are
shown in the skeftch. There are two vertical hydraulic dampers.
The lateral stiffness comes from the swing links which 1s supple-
mented by rubber stops. These rubber stops are not shown in the
sketch, There is one lateral damper located between the boclster
and spring plank.

Rotaticnal restraint consisting of link roeds to guide the
bolster and prevent it from moving longltudinally is an added
feature of the ftruck. Also, the truck has a roll bar with
spherical jolnts to allow free lateral motlon of the bolster.

The vertical and lateral load is transmitted from the
carbody through the center pin into the bolster down through
the colled 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 1cad is transmltfed through the center

pln into the bolster through the long link rods into the truck
frame, and cutthe primary suspension,
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MINDEN DEUTZ
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Figure 17
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MINDEN DRUTZ

Figure 18
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JAPAN DTZ200

The DTZ200 is a truck which is used on the Japanese New
Tokaido Line and ls designed for speeds cf 200 km/h between
the citles 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 leal links, similar
£o 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 verticazal and lateral stiffnesses, and alsc restrict
vertical moticns due to alr damping. This vertical air damping
is supplemented by two hydraullc dampers. There are two lat-
eral hydraulic dampers 1In the secondary. The longitudinal
stiffness comes from two anchor rods which connect the bolster
£tc the carbody.

The vertical lcad 1s transmitted from the carbody through
the air springs, into the slde bearers and out the primary
suspension.

The lateral load is transmitted through the alr springs
intc the center pivet, and out the primary suspension.

The lenglitudinal lcad is transmltted from the car thrcough

the anchor rods 1nto the center pivot, and out the primary
suspension.
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DT - 200
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Canadlan LRC

The LRC was tested at the U.S. Department of Trans-
portation High Speed Ground Test Center at Pueble, Colorado
in the late autumn of 1974. Speeds of up tc 210 km/h weére
reached.

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

The secondary suspension has two large diameter rolling-
diaphragm air springs for vertical and rotatiocnal metions.
The lateral suspension is made up of the combined shearing of
two traction and four bearing pads. The fraction 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 1s 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
thelir respectlve motions.

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

The vertical load 1s 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
belster through the lateral 1link irito the traction and bearing
pads to the ti1lt bolster. The load goes out to the truck silde
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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LRC
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Figure 22
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English BT10

The BT10 truck 1s used on the British Rail's High Speed
Traln passenger coaches. This high speed dilesel 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 hydraulilc
-dampers restrict the vertical mctions between the frame and
the axle.

The seccndary suspension 1s 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 ccnnected between the bolster and the truck frame.

It should be noted that both the spring plank and bolster are
represented 1n the sketch by an area. There are two truck
frame cross members not indicated in the sketeh.

The vertical load path 1is transmitted from the body threcugh
the slide pads into the bolster through the alr springs up the
swing 1inks to the truck frame and then ocut the primary suspen-
sion. ‘ :

The lateral load path 1s carried from the body through
the center pin and the bolster. The load goes dewn the air
springs to the spring plank up the swing links and fThen out
the primary suspension.

The longitudinal lcad is transmitted through the center

pin ocut to the sides of the bolster through the anchor rods
to the truck frame and ocut the primary suspension.
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RUSSIAN ERZ00

The ER200, a li-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 ll-car train has the trucks of the two end cars unpowered
with all the remainlng frucks powereéd. The same type truck is
used under all cars. The track gauge 1s 1524 mm or 60 inches
as opposed to the standard of 1435 mm 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 longltudinal mctions. There are four
hydraulic shock absorbers for restricting vertical motions.

The secondary suspension conslsts of two self-levelling
alr springs to provide vertical and laterazl stiffrnesses. 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 carbedy thrcough
the air springs, down the side bearers intc 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 inte 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 cut the pri-
mary suspension.
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ER 200
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Pioneer - IIT

This particular version of the Pioneer - ITI truck
was designed for use on the Amcoaches. The Amcoaches are
locomotive hauled and capable of speeds up to 120 mph.

The P - III primary suspensicn consists of four rubber
rings hetween the axle and the side frame and four side
bearers between the slde frames and the bolster. There are
no hydraulie dampers in the primary. The primary suspension
is relatively stiff in comparison toc the other high speed
Trucks described.

The secondary vertical suspension consists of coil springs
in seriles with air springs. The lateral stiffness is obtained
by the shearing of the co0ill springs in series with lateral
stabilizing rods having rubber bushings at the ends. There
are two Houdaille rotary shock abscrbers in both the vertical
and lateral directilons for restricting these motions. Two
anchor rods connected between the bolster and carbody restrict
longitudinal moticns.

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

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

The laterallload goes from the carbody through the coil and
stabilizing rods through the center pivot to the truck frame and
out the primary suspensiocon, ,

The longitudinal load goes from the carbody through the

anchor rods into the center piveot to the truck frame and out
the primary suspenslon. -
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METROLINER

The Metrcliner 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 axles of the Metroliner truck
are powered.

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

The secondary suspension is composed of coill springs in
parallel with alr springs tc give vertical and lateral suspen-
sion stiffnesses. The alr springs are designed to provide
load leveling of the carbody under the passenger lcad 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 1s achieved by two vertical
rotary dampers and two lateral rotary dampers.

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

The vertical and lateral lcads are transmitted from the
carbody through the air and ccil springs into the bolster to
the center pin down to the central cross member cut 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
£0 the cross member to the truck side frame through the primary
suspension and ouf the equalizer beam.
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Vertical and lateral secondary
suspensicon stiffness by coil
and air springs in parallel

Vertical secondary damper
Lateral secondary damper

Anchor rod

Truck frame

Fqualizer beam

TT—%Frimary suspension

' . stiffhess
c g \\——Center pivot
. Center pin :

Truck frame central cross member

Figure 29



METROLINER

Reproduced from
best avallable copy.

Figure 30
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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 tyrpe,
total truck welght 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 belng based
upon data which were avallable 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 i1tself 1s broken down intc three main sections;
the truck unsprung mass, the ftruck sprung mass and the truck
suspenslon characteristiecs. All the basic parameters essen-
tial for dynamic modeling activities are provided in this
table. An NA in the table means the data 1s not applicable.

The engineering format develcped is based on the truck
belng symmetrical about 1its 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 Sectlion of the table the
following methods were employed where engineering estimations
were regulred:

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 twlce
the wheelset mass, except for the LRC and the ER 200
where the estimations of ftruck unsprung mass were chosen
so that the ratioc 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 Sprung Mass Discussion

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

The roll pitch and yaw radil of gyration calculations for

all trucks were based on oné-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
fcllowing three items;

a) Unpowered, mass not applicable
b) Powered, but mass unknown
¢) An actual mass number

In the tables where b) and ¢) are applicable either an
NI or I is used to explain whether the traction motor mass has
been included in the truck sprung. An NI indicates the mass
has nct been included, and an I indlcates the mass has been
included.

The electromagnetfic brake mass 1s not included irn trne
sprung mass of trucks Y-28, Y-32, Fiat Furocfa, Minden Deutz,
and ER200. This is represented in the table by ar NI.adjacent
to tHe mass number of the E,M, brake, In these trucks, the
brake is sprung from the ftruck frame at an estimatea frequency
of less than 5 Hs. This would effect the low frequency dvnamics
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 in the data
table by an I adjacent to the mass number for the brake. 1In
these trucks the E. M. brake is controlled by a pneumatic system
and unless the E. M. brakes are applied, the mass 1s considered
t0 be part of the sprung mass ol 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.
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 Hg to an upper limit of
100 Hs.

2) The lateral and longitudinal primary damping assumed a

range of critical damping from 2% to 50% conslidering the
truck rigid body mode.
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3) The range of longitudinal secondary suspension stiffness
varied from 3 Heg to 50 He for the riglid car body modes.

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

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 ecritical
damping. The lcower 1limit of the primary damping was
based on & total weighkt ( 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 démping was estimated tased 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 107 and 30% of critical damping of the
carbody uncoupled lateral rigid body mode.

In instances where the primary and secondary suspension
stiffnesses were not avallable from the literafure, the stiff-
nesses were calculated based on a 1.1 Hs uncoupled carbvody
bounce frequency and 5.5 Hg coupled vertical carbody and ftruck
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 freguency of 1.35 Hg and a high
frequency of 7.35 Ha.

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 thls truck.
The secondary vertical stiffness assumed a 1.1 Hg uncoupled
car body bounce frequency.

The lateral secondary suspension stiffness estimations
were based on an uncoupled lateral rigid carbedy mode having
a frequency of .7 Hg. The .7 Hg frequency number was used
due to the experience obtained from known trucks. The ET 403
is an exception t¢ this: <fhe estimation was based on an
article from the literature where the suspension was sald to
be slightly stiffer than ancther truck where the data was
known. The value of slightly stiffer was selected toc be 10%
greater than the known ftruck.

The part of the truck suspenslon section of the table

having to do with roll stiffness and damping, and yaw stiff-
ness and damping has numbers supplled 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 were calculated
based on coupled roll lateral freguencies. The Flat Eurofa
truck and the minden Deutz roll stiffnesses were estimated
based on their similarity to the Y-32.

Yaw frictional restraint numbers were calculated for al:
trucks based on the following article by j. L. Koffman entitled
"Rotational Resistance of Bogle 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 abscrber for re-
stricting only yaw moticn. These trucks are the Y-32, Y-225
and Flat Eurocfa. The estimatlions were based con converting
the range cof yaw frictional restraint inte viscous damping
numbers.

Truck data table abbreviations:

NA - data is not applicable

NI - mass 1s not included in truck sprung mass
I - mass is included 1In truck sprung mass
¥ - engineering estimation



Y - 28
Truek Type:  Fronch Y-28
( Car I\ad:; fea Table 17
Truck Wetoht (2 Wruchs 2e4w) ibg, {10v)
Car Kody ATR Welgnt: 33790 ibs, (35- Table 2
Vehicle RTR Welght: 110280 Ybs. (48.8r)

Deslgn Speed: 125 mph (20Q krh)

TRUCK UNSPHUNG MASS

« Mags Claieter
Lb- iecs/In In Conicley Wheelbase Track Gauge
(Kg~S5ec</Ca) {1m) N.D. In {rm) In (mr)
iheelset 7.3 3.2 100.8 56.5
17008, 3%
(1.310 (920) (2550) (14353
[Foral Truck 14.8
Unsprung t2.62]
TRUCK SPRUNG MASS
:~Ias§ Radi1 of Gyraticn In. (mm)
Lb-See /In TORR to TrucH
(Xg- Sec?/Ca) Roll Pitch Yaw C.E.
Pep Truck . In (n=)
. L] [}
Fruck Sprung 13.8 4.6 29-1 45,1 25.6
(2.46) (379)¢ (739)* (1146)" {650)
2.4 .51 ]
Bolster 22.5 7 23.5* 34,6
(.42) (572)% (178) (597)¢ (880)
Truck and < &
Molsterp 1é6.2 33.1 27.1% bz, 5w 2b.8
BPrung (2.88) (gu2)* {689, (1080)" (680)
Lractlion
fiotor Unpowered
.M. brake | 2.4 .
(.61) "
TRUCK SUSPENSION
Dawging Spring Spacings In (ma) Darper Spacings In {(mm)
Stiffness Lb-5¢c/In
15/in (Ke/tm) (kg-Sec/Cm} Vertical Vertireal
Per Truck Per Truck From TORF] Lateral Long. | Frem TORR Lateral Long.
F 13150 an-1z5 77.6 | 100.8 77.6 100.8
Vertieal
R {23L7) (11e-27%) NA (1970) | (2560) NA {1370) {2560)
I I
112000-16800G | 1§2-1€689K 18.1 gh.2 18.1 64,2
H Lateral,
{2C00-3000) {(3*¥-295% (460) HA {1630} [L60) NA (1630}
i .
R LE60000 120%-3012% 18.1 77.6 18.1 77.6
' Long. -
¥ T (1scoe) s | pa-n3ey (4697 | 21970) | A (46n) | (19701 HA
8 5186 ok 740 | 19.1 54,4 54,4
. Vertlcal
E 506} (q1%3 NA (1880} | (4B3) MA (1380) | (1380)
c .
»130 GE¥.LLEEY 5.5 0. 25.5% 0.
0 Laterel
N (399) (22%-624) (656) 1 (650) NA
v stai-10.722000  B2r-gi000k 25.6 ¢ Puh 0
Lonz. o <Al ) NA LA
A (F55..1.9x10°W) (N .CoB0r) 1650) (o) (050 (0}
R Tii{lness TDarplng FrIctinnay mnobLri nt
In-1n/Rad h-sec-In In = Ib
¥ | gEererad)_ | Ceoeestm) L CofKes Gnd
7
Roll [H: NA
) T 1% e g o 10w |
Yau L HA
' b g e o oy a0
- 7]_ - .

Fleproduced from
best avallable copy.
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Truck Tyvpe:
Car Rody:
Truck Welpht (2 Tracks )y
' Ccar kody RTR Welghu:
Vehicle RTR Welght:
Pesign Specd:

10030 15,
155 mph {050 kmb)

¥rongch Y32

“ow Table” 17
w000 1bs. (13.8t)
70340 lbs. (31.9t)

(L]

Y

32
Table 3

TRUCK _UMNSPRUNG MASS
Mags Tlaneter
, Lb=5Sec4/In In Conlcity vWlicelbase Track Cauge
(8g-Sec?/Ch) {mm) N-D. In_(mn) in (rmm)
" g0 35.0 100.8 9o .5
4 pl
‘heelset 1/408=. 3¢ I
(1.43) (850) (25(0) (1437)
Motal Truck 6.0
MNSprung (2.85)
TRUCK SFRUNG MASS
N353 Racli of Gyratlon In. (mm)
Lb-Secé/In : TORR to Truck
{Kg-See2/Cm) Roll PLteh Yauw c.g-
'Per_ Truck : ' In {(mm)
| [ ¥
Truck Sprung 19.k¥ 35.0 23.0 45, 3¢ 19.7
(3.56)* (BEg)* (7371)* (1151)" (500)
Bolster MA NA NA NA NA
lruck and
Belster
Sprang A NA NA N& NA&
fraction U dred
Mot o npowere
Lo 3.6
£ .. Brake (.61 NI ;
TRUCKX SUSPENSION
Damping T SprinZ Spacinss In (ma) Damper Sgacings In (mm)
Stiffnass Lb-See/In :
Lb/In (Kg/Cm) (vg-Sec/cm Vertieal] Vertical
B Per Truck er Trug From TCRHA Lateral Long. | Fron TORR| Lateral long.
P 1kooo 50E-266% 78.7 100.8 78.7 120.5
~ Vertlical
H (2500) (GCLELYAD] NA {2000) (2560} NA {2000 (3064)
I
26600 29%-718% 18.1 €6.9 17.5 66.9
" Lateral
A {4750) (5%-128%) (460 N& ‘;1700) (4s4) NA (1700)
R 324800 100®-2510% 18.1 78.7 1€.1 78.7
Long. }
CMB: 1 (5e000) (1er-44ge) (460) (2000) { N (46G) (2000} Ni
S 4590 335% 78.7 . 106.3 23.0
- Vertical
= B (820} (€a*) Na (2030) Na (2700) (85}
c
o 1867 to 1930 F3%-29ct 28.4 ¢ 32.2 0
Lateral Utk
N 133 to 345 | (18%-n0%) (r21) NA (818) MA {6)
D _52300—71x105¥ LOu_2B60* 17.5 0 AL ANS )
Long. |, .. £ I ) Na L
_A (Gy7n=).6x107 )k (1z#.q1QUR) (Uby} (0) (hau) (ut
R BiilTrness Dacping | :
. In-L5/Rad Lb-Sec-In tri~rtional ! ratirt
L4 (¥z-Cm/Har) (Ki-linc-Cm} In - Lb (kg -
T
Ro1l ,;'é";f.,ﬂj HA NA
- " Tohonl 1 Hin"e 121078 L s ox 107
L ) (it gl Qe 7 202 v 6w eshe)




Truek Tyye:

French Yoo

Car Hedy: See able X7
Truck Welght {2 Truchis): JBA0O lis. (13.06L) Y Ll
Car Body RTR Welght:  B5490 lbs., 124.7t) - 22
Yehicle RTR Weighe: gh2gy tha. (H2.7¢)
Deaign Speecd: 125 - 185 mph (200 - 2¢Y0 kmh)
Table 4
TRUCK _UNSPRUNG MASS
, Mass Dismeter
‘Lh-Secz/In In Coniclty Wheelbase Track Gauge
(Kzg-Sec/Cn} {mm) N.D. In (mm) In {mm)
8.0t 33.9 106.3 S6.5
Wheelset
eelse 17408 38
(1.5%) {860) (2700} (1435}
Motal Truck 16.¢c
nSprung (2.BER)
TRUCK SPRUNG MASS
Mas Radii of Gyration In. (mm)
Lb-Sect/In TORR to TrucH
(Kg-Sec?/Cm} Rell Pitch Yaw ¢.z.
Per Truck In (mm)
5 2
Truck Sprung 2.2 6.7 36.64 47.6¢ 15.1
(3.79)¢ (g32)* (7770 {12093 (460)
Bolster NA NA NA NA NA
{lruck and
pelster NA NA NA N& NAa
Sprung
fraction g ~ed
Motor npowere
E.M. Brake 3.4
i {.61%) 1
TRUCK SUSPENSION
Damplng Spring Spacings In (mm) Damper Spacings In (mm}
Stiffness Lo=Sec/In Yertioal Vertical
Kg/Cm} {Ke-Sec/Cm) ertica
Lb;i: ’(Trg‘r:k ;e;e'ci‘rurgk From TORH Lateral{. long. | From TORH Leteral Lon
P 37300% E5¥-619* 8z2.1 106.3 82.1 106.3
Vertical NA NA
R . {6660)* (107-134) (2085) (2700) (2085) {(2700)
I A -
u 13390-8 10 { 21%-13000% 16.5 106.3 17 " 106.3
ateral ) . NA
taterall aggi-1. 01 0¥ (4. 23000 (420) (2700)1  (430) {2700)
A
R 13390_8,(106' 21€-13000¢ 16.5 82.1 17 82.1 “a
3 e N&
Long. ) .
Y & 23;,1_1,“.05)] (4s-2300%) (420} | (2085) ta30) | (2085)
3 7500% 3568 2.1 0. 8z.1 24.8
| Verticel Na NA -
E (1339)* (643 (208B5) (2085) (630)
[o
1650% 150 bo.2 0. oLz A 18.7
o} - HA 1
Lat 1 .,
avers (295)¢ (27) (1020) (1920) (475)
H
bl 50100-3. 42107 gLa-30700k 5.2 0. N wo.2 | 10£.3% .
A OB o 70-7. 722000 (1Laedigonys | (1020) (rozoy | (2100)
R TEITlnees DampIng Fric=lonul Restraint
In=Lb/Rarn Ih-Nec-In Tn - Lb
Y tRz-Cm/fad) | (Kg=-tc=Cm) (K& = O
Foll ik HA HA
| T3 x 16Y% te 5 o« 100k '
., y ; .
You ih . NiA.L ____U . 70_?13_._" 6y 10?):__

’ l Reproduced from
I | best avallabie copy.




Truck Type:
Car liody:
Truck Welght (Articulated Trainlt
Car Body RUR Wetlght:

Venhiele RI'R Welght:

Design Speed:

French ¥-25

See TabYe 17

22091 ba. (10.2t)

Yigae bs. (19t)

b3 lbs, (29,2t
.155-188 mph (.)B0-300 kmh)

TRUCK UNSPRUNG MASS

Y -

Table 5

225

:\:aBs Dlamecer
Lb-Sec</In In Conlclity Wheelbase Track Gauge
(Kr=-Secc/Ca) (mn) N.D. In (rm) In {m=)
]
Mneelset 8.6 35.4 1/upe. . 3e 102.4 56.5
(1.53)* (9007 (2600) (1435
Motal Truck 18.2
Unsprung (3.26)
TRUCK SPRUNG MASS _
Mags Radll of Gyration In. {(mm)
. Lb-Sec?/In TORR to Truc
(Kg-Secl/Cm) Roll Pitech Yaw c.g.
Per Truck In (r-)
»
bruck Sprung 9.9 34. .27 34.9 48.71 20.3
(7.14) (8698 {BBG)* (1237)0 (519)
polster NA Ka NA ¥a NA
Truck and .
Folster .
S prung NA KA NA NA NA
Traction 16.1
pMotor {2.99)
E.M. Brake 3.4
(.51)%
TRUCK SUSFENSTON
Damping Spring Spacings In. {mm) Da-per Spacings In {mm)
Stiffness Lb=Sec/In
Lb/In (Eg/Cm) (Ep-See/Cm, Verticel Vertical
Per Truck Ber Truck From TCRF] Lateral lLong. | From TORP Lateral Laong.
?
32000% G5m-619%
. Vertical . 76.8 102.4 " 76 .8 129,95
' (5713.6)% | (154-11lyr {1950 | (2600) (19503 | (3300
bt T
2.5x10,%=-1.5| ,
M . X107 40*-25000% 15.8 102.4 15.8 102.4
Laterall, 103 N
(4.5x105-2.9 (7 qe_usncye A Nz
A x1G)» : (401} {2600) | (4CD> 260
) ( 0)
T
R 2.5210,-1.% L0 _ ]
' Leng x107% 0% -25000 15.8 76.8 17.7 76.8
Y : ty107. v k5pQ K NA NA
(b, 52107-2.9 (7.1%-k500 (bo1) {1950) (450) 11950
el kel
s 5000% 3108 76.8 o
E Vertical KA : . HA 6.8 0.
(8g2.7)" (55)% (1950) (1959)
C
2000¢ 93%-270¢ 27.0 .6
O ! tateral : NA 2.0 -0 N .
M (z5%* (17®2-50 3" (6B6) (700} {686)
D 18560-20.7 g2n-3uge ol _ :
HEE 1.0 76.8 27.0 7¢.8
A Long. %0 (15'—6'1‘2'])” NA N&
- (59cn*-1.9 (€£86) (1350 186 SO
R TEiT T “Darping T UIAAT Re. tratnl )
¥ In-Lh/rad Lb=5rnn-In In - Lb
{Vr-Cr./iad) (Fp-tea-tm) (kb = Cr)
Koll N Ni, NA
Yauw MA Y. % et TR g 3k d0e |
(Lt

T -

CEoa ot

J.hox R




Track Vype:

Car By

Truck Weisht (2 Trackas):
Car tody RTR Welphi:
¥ehicle RTR KWelght:
Design Spoedas

French Yeo'oh
See Tuble 17
IGO0V 1ba,
95r25 Ivs.
13R325 lbs,

{16.6¢) Y - 226
(45t)
{61.6t)

155-186 mph {250 = 300 kmh) Table 6

TRUCK UNSPRUNG MASS

Mais Dla~crer f
4' Lb=Secs/In In Conlelity Wheelbase Track Gauge
(Kg-Sec/Cm) {zm) N.D. In (mm) In (mm)
heelset Ll 35.8 1/40%-, 38 114.1 56.5
{1.53)0 (910} {2900) (1435)
Total Track |Y°TE- 22 (3%
naprung Lat. 45 (8.1)
TRUCK SPRUNG MASS
Has Radil of Cyration In, {mm)
Lb-Secs/In TORR to TrucH
(Kg-Sec2/Cm) Roll Pitch Yaw c.2.
Per Truck In (mm}
ruck Sprung Vert.25.4(4.5) 3640 33.2% 5o.0% 16.9
Lat.(2.3)(.L0) (1924)* {843 (1270)* (330)
polster NA NA NA Na NA
Truck d
Bg‘]l.ste:n HA NA NA Na NA
Sprung
Mraction Suspended .
floter From Bedy
3.1k
E.¥. Brake I
(.56) l
TRUCK SUSEENSICHM
Camping spring Spacings In {mm) Damper Spacings In (mm)
Stiffness Lb=Ser/Tn —) lT -
Lb/I Kg/Ca) (¥z-8& I Vertieal ertica
Pe: érﬁck ¢ %erfﬁiJgﬁ From TORK Lateral Long. | From TORR Lateral Long.
P 25000 ¢ | gua_yyss "30.6 | 114.2 96.5 114.2
Vertical NA NA
F (4463.7)% [ 15%-85 )¢ (2300) | (2900} (2450) | {(2900)
1 U53.9.1%10"#
1335 1x 5 E_1L50 18 113.6 18 113.6
M a NA HA
Lateral|(256-1.6x1C
areraleos-1.ox )[ (1%-2503% (LeT) (3520) (457) (3520)
A
R 1453-5.1x1072) 3#- 14508 1 90.6 18 90.6
Long. & NA NA
Y TETE250-1.6x100F  (1%-259 3* (457) {2300) (457) | (2300)
s 6000 L1z 78.0 a. 78.0 27.6
E Vertlieal NA NA
{1017)F (T4 {1gf0}) (1980) (700}
c
3B 53%-1504 30,7 0. 30.7 .
o Lateral MA NA
" RCLERL (G®-28 )¥ (780) (780}
bij 456co-12.7 978-4cLook 40.7 78.0 30.7 98.4
. Long. ol (1747200 3¥ . (108 Ha 150 (2500} HA
by ) (780 1980) 780% (25
(B14n- ;‘_37_1;,65" N 180} ?
R StIffnese DampIng Frictional kestraint
In-Lb/Rad Lb-Serc-In In - Lb
¥ (Kr-Cm/Fad) | (fg-Bec~Cm) e = Cd
Roll A NA NA
1.5 % 16°% t0 7.5 7 109
Thw nr : A ) ) I h - -
- L (L7 x 1020 to B0 v _107%)

3

Reproduced from
hest avallable copy.




Truck Type:
Car Hody:

Italinan Fiat Eurefa
fee Table 17

Fiat Eurofa

Track Welght (2 Trucks): 2000 lbs. (14t}
Car Body RTR Welght: 66150 Ivs., (30t)
Venlele RTR Waight: 97150 lbs. (44t) .
‘Design Speed: 125 to 155 mph (200 to 250 kmh) Table 7 .
TRUCK UNSPRUNG MASS
- lags Olamreter
Lu=Sect/In In Conicity Wheeldase Track Gauge
{Ke-3ecd/0m) (m=) N.D. Tn (rmm) In (==}
meelset 8.6 36.2 /40P~ 3" 102.4 56.5
(1.53)° (920} (2600) (1435)
Total Truck 7.2
nspring (3.06)
TRJCK SPRUNGC ¥ASS
Mas§ Radii of Gyraticn In. {(am}
Lb-Sec?/In TORR to TrucH
(Kg-Sece/Cm) Roll Pitch Yaw <.g.
FPer Truck In (i)
]
Pruck Sprung 19.7% 3.3 9.3 47.3¢ 15.7
- (3.52)*% (93718 (74y)8 (3048)¢ (800)
Bolster NA NA NA NA NA
Truck and
Bolster N&a NA NA NA NA
Bprung
Tractien Unpowered
Metor .
E.M. Brake 3.4%0
NI
{.61)
TRUCX SUSPENSION
Damping Spring Specinegs In (mm) Damper Spacings In (mm)
Stiffness Lo—8en/Trn
Lb/In (Kg/Cm) Ys-Sez/Cm) Vertilcal Verticall
Per Truck Per Truck From TCRF Lateral Long. | From TORR Lateral Long.
P 14000 H3*-_266% 79.1 102.4 79.1 122.0
B Vertical
’ (2500) (98-478) NA (2010} | (2600} NA {2010) {3100)
I
26000 29%.7164 17.7 7G6.1 18.1 .
¥ Lateral 762
A (4650) (5%-128%) (450} NA (1760} (460} NA (1780}
R . 170260 731-1811% 17.7 78.7 18.1 78.7
t Long.
{30b00) {13%-327%) 1850) (z000) NA NA
(U603 (1290)
5 UE6T ta UBTO|  ugs 73.1 0. 1055 0.
E Yertical
(833 to 870) (€1 )% NA {2010) YA {2670y
]
2 1867 4o 1931y 381% to i 26.5 0, 26.5
Lateral o]
N (323 to 355)1 (7" to 53* (673) NA (6735 NA
f S e )
h] 304008 . 4x) 0 4 (L PIa 26.% 75.1 265 S
ng. | e B n 0
A Long. leeuzoeny srve  rsheanonyel e73) (2610} A (73} ETrS 1A
R StifTrese Daiping — FrictTnra]l lestratit
In=Lao/Rz4 Wb=Cec=I1 in - Lb
T Gip=Cr /nan) _(¥gedee-Cn) (rg -Cm) _ .
Zohrln’
Holl r;.,),,]of')' A HA
T il Ponef ”"‘,"‘ box oo 5 ox 102*
USSP LSO P PRINID LGS S SRR R0 - O |




Truvk Type: Itallan 21040
Car nééw See Table 17 % 1040
Truck Welght (2 Trucks): 06150 1ba. (3IN.0L}
Car Rody RTR Welpht: 7.7e5 lba. (33.01)
Vehicle RIR Weight: 138315 lbs. {(63.0t) Table 8
Deslgn Speed: 149 mph (2HQ kmh)

THUCK UNSPRUNG MASS

Mays “Dlanecter
_Lb-Sec;/In In Conicity Wheelbase Track Sauge
(Kg-Sec</Cn) (=) N.D. In_{rm)} In irm)
- bk - ;
Theelset 12.8 : 40.9 Lohe. b 115.1 56 . &
{2.3%) {1940) (3009) (1435)
Total Truck 25.7%
U
EPTHRE (5.59)%
TRUCK SPRUNG MASS
Masg Radil of Gyration In. (r.m)
Lb-Secc/In TORR to aruc
(Kg-Secd/om) Roll Plten Yaw c.g.
Per Trusk In {r)
Fruck Sprung 28.5¢ 34.9° 40.9¢ 53.5¢% 1.5
~{5.10)% (8851 (1039;* (1359)% (800)
Bolster 4.0% 26.9% 13.3* 30.0% 11.0
(1.71)* (683)e (338)9 ' (762)¢ {280)
Truck and .
Bolstarp 32.5% 4.7 35.2% 51.2¥ 29.
FPrung (5.81)% (881) (995)* (1301)* (731
Traction 274 NI
F‘Iotor 4. B9
|
E.M. Brake Ha
TRUCK SUSPENSION
Damming 1 Spring Spacings In {mm) Damper Spacings In {(mm)
Stiffness Lu-Sec/In
Lb/In (Kg/Cm) {Xg-Sec/2m) Vertlical Vertical
Per Truck Per 'fruck From TORN Lateral Long. | From TCRE|Lateral Long.
P 11668 58-327¢ 78.7 | 118.1 78.7 118.1
R Vertical Kocah
(2083) (10%-58%) KA {26003 | (3000) NE (2600) | (3000)
I T -
Bxl0,-1. LI .
. 20 5_.13 ;1281 103%-204000 20.5 118.1 20.5 118.1
’ Lateral(z 7 ;foﬂ‘ 2.3 [ (18k-3600%
A ety ~3600%) (520) wa  leze0o) | (5200 | ma {3000}
4
R PC.5x10.-1.28 | 103-2nitn0* z
Long. ). _’f,l,"‘z ’ R 20.5 78.7 20.5 78.7
! 3'72535;§'3 (18- 3600%) (520) (2000} NA (521} {2000) NA
3 5186 13 81.1 16.9 3.7 0.
E Vertical
(926) (7443 Ha (20603 | (430) NA (23803
c ,
o 1750% B1¥ Lo U2k 21.7 3%.4 8.9 18.9
Lateral
N {312)% (17% to 529) (550) HA (1000} (481) NA (4B
b 335009, 3 71N -206000 21.7 81.1 21.7 B1.}
s Long. »106% R THi Na
(ina0-1.7.1080) (%5700 (5003 | (2000} (5501 | (roo)
Rr tLiTTtnens Damplng Tricticnal Reatralnd -
In-lLb/rad 1b=Sac=In In = Lk
¥ (p-Cmfied} | (lp=Gee=Cm) Ky -_Cn)
Roll HES LA A
D c T, LN
Yaw A A L9 % 10:' ta 7.9 » 'Iﬂri
L L (1.7 r 1C%% to &6 » 10'¥

- 77 -

r Reproduced from

| | best avallable copy.




Truck Type

. Car Dody:

Truck Welght (2 Truchs):
Car Body RIR Wolght:
Vehiele RI'R Welght:
Deslgn Speed:

Cerman MAN WP-U03

See Table

Slled lba,

17

(23.2v)

TOLEQ lbs.#(32c8)

121723 1ba,

(55.2¢)

125 mph (204 kmnh)

_ TRUCK_UNSPRUK3 MASS

ET 493

Table 9

Magd Tlameter
Lv=5ecs/In In Conlcity Wheelbase Track Gauge
{Kg-Sec“/Cm) {rm} N.D. In_(rm) In (rm)
 heelset 11.4 41.3 Lruge e 102.4 56.5
(2.c4). (1050} (2600) 11435,
rotal Truck 2.3 ~
jUnsprung (h.69)
TRUCK SPRUNG MASS _
Masg . Radil of Gyration In., (m?)
Lb~Sex2/In TORR to Truch
(Kg-Sec?/Cm) Roll Piceh Yaw ¢.5.
Per Truck In {mm)
. y,qe .or .3t .
ruck Sprung 39.9 34,7 44,0 52.3 21.3
(7.14) (881)% (1118)* (1318)* (5u0)
Bolster NA NA . NA WA NA
Truck and- .
Bolster NA NA NA NA NA
Berung
MTractlor Powered T "
Motor
34
E.M. Brake I
{.61%)
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Damper Spacings In {mm)
Stiffness Ib—-Sec/In
Lb/In (Kg/Cm) { Kg=3Sen/Cn) Verticall Vertical
Per Truck Per Truck From TOR[{ Lateral Lonpg. | From TORRl Lateral Long.
; -~ | Long.
4 . .
up560 103%-1116%
. Vertical 5 S YA 78.7 102.4 WA 7B_7 88.6
(7600) (18%-200%) (2000) | (2600) (2000) § (2250)
I
28004- 302030| 42®-3K70% 21,
| M Leteral - L.3 A 102.4 21.3 s 102.4
A {5000 - 54ooo} (7%-62%) (540) {2600) (540} (2600}
R
Long 26900~ 240000 41%-3090% 21.3 78.7 " 2L.3 78.7
¥ N NA
(4800 -53000) | (7"-553%) (540) (2000} 1546) (20009
3
Yypor 2504
| Vertieal 5 s 76.7 . ” 200.0 | 29.5
. (786)% (45%)y (2000) (e2sho) | (750)
3600% 115% ¢ 1% ,
0| rateral 5% to 341 34.1 i 0. 34,1 - ,
¥ (643) kas* to 74%) (865) (855) ’
b 324008-9, GJ EaN-zgrent 34,1 76.7 k.1 100
x1¢
4 Lone A(sra0.1.6 , | (ae-sizov) | gesy | (ooosy | WA argy | tasnny | NA
x0T
R TiIr{nres Taaping Frl2UT0nal RestTalnt
y In-Lb/Fad Lh-Sec-in In - Lb
(Fi-tm/Bad) (¥g~Sec-Cm) (K = Cm) 1
Bnll HNA ! HA A
Yoaw 1A 1A 1.2 Tn;" ve 6o lD?"
S 1.4 x ]ff'“‘i'l__'_f_[ intRy




Truck T¥pe! Qeiran Mlonden Deutz
Jar Bady:  Nee Table 1o
Truck Welpht (2 Trucks): 3049 2ba, (13.%¢) 1
Car body RTR Welght: oo181 lbs. (23.20) Minden Deutz
Vehicle RTR Welght: 9lel0 1bs. (47.01)
« 2 124 nph ]
IUESibn Speed ph (200 kmh Table 10
TRUCK UNSPRUNI MASS
fays Dlanerer
Lb-Seci/In In Coniclity Wheelbase Traeck Cauge
(Np-Sec®/Cm) {mm) N.D. In (mm) in {mr)
hneelser 9.7% 31.6 1783- .34 99. 56.5
(1. 730 - {950) (2500) (18353
Total Truck 10,48
nsprung
[P
TRUCK SPRUNG MASS
Mass Radil of Gyraticn In. (mm)
Lb-Sec?/In TORR 1o Trug
{Kg-Sec?/Cm) Roll Piteh Yaw c.E-
Per Truck In {-=)
* [ ] o LOR
euck Sprung 13 35.1 38. £1.9 30.9
(2.32)% (8g2)* {370)¢% (1318)* (765)
Bolster 3.00 chogr 9.4 26.9¢% 12.2
(.61} (632)¢ (239)# {683)* (310}
Truck and -
Folsten 16.4¢ 33.9° 35.18 a7.8¢ 27.0
Spru
prung (2.93)4 (8613* (891} (1215)4 (686)
T
“Zigiicn Unpowered
E.M, Brake 3.he .
(.61
TRUCK SUSPENSION
Damping Spring Spacings In (m Dam ] 1 5
Stiffness | Lh-Sec/in F a (ma) amper Spacings In (rm)
L/In {(Kg/Cn) (¥p-fea/crm, Vertical] Vertical
Per Truck Per Truck From TORF Lateral Leng. | From TORH Laveral Long.,
?
14000% B2E_D270% 78.2 98.Y
R | vertteal NA A 93.9 98 &
o tasoogF 19%-18%) (2000) |(2500) {2370) |{2500)
I
.04 xzo LEN 17#-20300% 8.7 58,4
" Lateral xl06 ] NA 18.7 Na 8.4
¥ ) P 1 .
A ¢ 9;%6: o R I (25000 | (u75) (#500)
| B 1.04 xloﬁl 6.9  17%-103000 18.7 79.2 18.7 79.2
Y Leng. x107% NA Nh
(l-gxigﬂ)l—l. a (3%-18407) (475) (2000) (475) {2600)
b
5 |
g | Vertical 3400k 270k 75.2 15, 94 0.
. HA NA
c (678)* (hg#) (20007 | (380) (2h00)
o 1500% 70% Lo 21CE 25.6 0. 25.6
Lateral " NA N& n
y (268)% (12.5%L0 37.5%) (650} (650) '
D
. 2BGLP_T o I 30.2 97.1 30.¢ 97.1
A iong. |°° T x'}‘f Brbo. o A HA
(Bros- L. 0%y (110-b5p0%) (T67) | (2467) (767} (AT}
R EISSHOICEE) Tamp T TP e L LGna] Resuralitl _-
y In=Lb/R Lu-See-Tn In -~ Lb
(KimGr/Rrc) (KpeBec=Cny (Kgr_~ Cm)
Roll A ;
Cotapinley Ha b
-~ e B
Vaw i y WG ox 10 Lo b, f, X olo
o o N CHL. xR Ln 6oy wmw

Reproduced from
best avallable copy.
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Truck Type:  Japancuse DMI0D
Car Body: See talle 17 =
Truck Welght {2 Truehs): 43300 2us. {20t) bT 200
Car Body KUR Wolpght: TUOT70 1bas, {34r)
Vehlcle RTR Welgnt: 119070 1bs. (Sit)

Design Speed: 124 mph (200 kmh)} Table 11
TRUCK UNSPRUNG MASS
Mags Dfa-eter
. va-Sr:z,-’In in Conlclity Wheelbase Track Gauge
{Kg-Sec/cm) {mm) N.D. In {r=) In {mm)
Jheeiset ’ 9.0 3.8 1/40 98. 4 56.5
(1.610) (o101t (2500) (1435)
Total Touck 2.8
nsprurg (4,07}
TRUCK SPRUNG MASS ~
Mass Radil of Gyration In. (mm)
Lb-Secé/In TORR to Truch
(Kg—SecE/Cm) Roll Pitech Yaw c.g-
Per_Truck In (m)
[ l
F‘PLICK Sarung 294 39.1 34, 2 51.8¢ 21.7
(5.18)* (593,* (B69)* (1316)% (550)
Bolster " o5l 35.4% 5.94 35.11 39.7
(.93%) (Bg3%; {150)* (Bgz) {1008}
ruck snd - "
Bolster 34.2 39.1% 32.2¢ 4968 ER
[Sprung {¢.11) (993) {818)* {1260)% (.96
Mrasticr
'\‘Iotgr 0 Powered %  Prom avallable sources unclear
1f mass included in truck sprung
E.M. Frake | A ‘
!
. TRUCK SUSPENSION
—
Damping Spring Spacings In (mm) Damper Spacings In {mm)
| Sriffness Lb-See/In
Lb/In (Kg/Cm Huz=-Sec/Cm Vertlcal Vertlcal
Per Truc Per Truck From TCRE| Lateral Leng. | Fron TORR Laseral Long.
P 28000 48 62.7 | 98.4 100.4 98.4
® Vertical NA NA
(5000} (80) 4 (2100} (2500) (2550 (2500)
I
168200-220000 1 36%-2768% 17.7 9B.4 17.7 38,k
M Lateral NA NA
A (30000-L000g) | (17%-Lou¥) (850) (2500} | (uso) (2500)
R 336000-448000 | 136%-3914% 17.7 98.4 7.7 984
¥ Long. NA NA
(60600-B0000) | ( 24" Ggon ) (459) (2500) (450) (31,00,
S
4430 227 98.4 0. 98.4 0.
E Yertical NA MA
(800) (49.5) (2500} (2500)
o
0 ug3a 560 1.3 0. £1.3 23.C
lateral NA HA
X {720) (100) (10503 (1050) (600}
D 31500+, 6x10"F  73%-30500% 22.0 114.2 22.0 1147
Long. {7¢100%-7. Ma KA
A JK;’QG! (13%-5400%) | (560) (?900) (5F0} {2903)
R Stitfnuss Tamping | Friclicnal Restraint
In-Lb/lind Ib-Sa0e-1In In - Lb
Y (Kv-un/Rad)_| (Kg-Sne-Cm) (¥p_-_Cm} _
Roll hA NA NA
- 1.0 % 1097 1o G 4 1090
Yaw . HA it \
S R A S G v izt e 8.9 % 10w
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Truck W=
Car
Yeh

Tk Tegpaes

Car oy

Trht o Dttiecks
Body RIH Welght:
1cle RUN welphe:
Desten Specd:

Canadlan

See Tatrle
SN0 Lbs.
ovH0J, Lba,
249000 lbs.

125 mph (20

-

LRC Dolaace

i
I

I

7
(TR
(o7
(40,
0 km

2
4
5
h

LRC

Table 12

TRUCK UNSPRUNG MARS

BEEE] Dlaneter
Lb-Secs/In In conicity Wheeldbase Track Gauge
(Xg-Sec-/Cm) (rum) N.D. In emm) In (M=)
Wheelaet 5.6 30. 1740 - 1/5 a7 50.5
(1.18) (762) (2424 (1435)
MTotal Truck 13.2
Unsprung (2,36)
TRUCK SPRUNG MASS
.‘!asg Radii of Gyracion In. (mm)
Lb-Secc/In TCRR to Truc
(Kg-Sec?/Cm) Roll Pitch Yaw c.g.
Per Truck In (mm)
Irruck Sprun 19.0 21.6 31 36.25 17.3
& (549) (187) {921} (455)
(3.39)
Bolster 5.74, . .35 14.5 37.2 28.9
(1.02) (889 {368) (945) (734)
uek d
Erack an 24,74 25.8 28.4 36.5 20.5
Sprung ECRER] (655} (721) (927) (g2
Tractlon
Motor Unpowered
IV—
.M. g
lL Sraka Na
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Darper Spacings Ln {mm)
Stiffness L<‘:3—S§c/1,1—c\
Lb/In (Xg/ta Kg-S€e/Cn) Verhicaij Yertical
Per_Truck Per Truck From TDRH Lateral Long. | From TORR tateral Long.
P
LR g7 Na 33 57
. 17000 200 N&
g | Verticall (3535) (36) 1118 | (2u54) (838) | (2u6k)
I
] Lateral Jkoo0 73-146 16 Na 97 6 NA 37
A (6071) (13-26) (406) (246L) (406} T 24bY)
R .
Long 230000 191-382 16 4u.0 NA i 44 NA
t ‘| (w1o66) (34-68) (406) | 1118 (4g6) | (1118}
3
g | vertteal 2068 250 NA 88 0. NA 38 19
(369) (45) (2235); (2235} | (991)
[
0 Lat 1 1500 200 26-31 NA 0-355 28 NA 50
ateral 50 h
) r (268) (36) (660-787) {0-502) (711) (1270)
1
D 36009 I 11258 26-31 D-64 NA 12.4 a2 NA
A “ung. (53563 (201) (660-787) (0-1626 {314) (2337
!
R TStilfness vanping Frictional Reatraint
In-Lh/%ad in-Cen In=-Lb
Y (Kg=Cm/kad) | (Ki-inc=Cm) Xg-Ca)
Rol TIlt
SRR nontrol N4 ) N4
138000
Yaw HA [ NA {1596G0D0)
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Track Tvper Enplish FC
car body: SJee Table 17 BT 10

Truck Welpht (7 Trucks):  Oowf8 lbs. (11.6t)
Car tody KTR Welght: 47187 1ba. ().41) . m
Vehtele KTR Welght: 72765 1bs. £341) Jable 13
DPeslgn Speed: 105 mph (200kmh)

TRUCK UNSPRUNG _MASS

i }1335 Dlanmecer ] '
Lb-Seel/In In Conicity wheelbase Trask Gauge
y (Kz-Sec“/Cm) (rm) N.D. In {rm) In (mm)
6.3¢ 6.0 107.4 £.S
Iheelset ‘ a 1snpe. 30 >
(r.z2a)v | (914) (2600) (1835}
Total Truck 13.7¢
Mnsprung {240
TRUCK SPRUNG MASS
D‘.asg Radll of Gyratisn In. (m1)
Ly-Sec“/1In TORR to TrucH
(Kg-Ses2/Cm) Roll . Pitch Yaw .8,
Par Truck i In_{rm)
bruck Sprung 13.7¢ 35.9¢ 37.6% 52.0% 30.7
(2.45)% (912)" {9558 {1323)* {780)
bolster 5.74 30.7¢ 1.1 32.7¢ 13.
(1.02)% (780 (282)% (831)¢ {330)
L .
3 ) .
T o o 70 255
perung (3.47)" (895)* {BlU3)* (1197)% L
3 4
ngg?nn Unpowered
[E.M. Brake KA
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Damper Spacings In {mm)
gtiffness Lb-Sec/In
Lb/In (Kg/Cm) (Kg-Sec som VYertical ! Ver’ticaﬂ L
rer Trick Per Trueck Firrom TORF Lateral Long. | Frem TORR Leteral Long
P 23000 5CK-HGTE 8o 102.4% 80 1024
B Vertical ] NA NA
' (4ro7)* {10%-83%) (2032} | (2600} (2032) | {2500
T
12250-7.7X108%] 19¢_12z00% 18 102.4 18 162, 4
1 Lateral p NA NA
. 2187-1.Lx10%%p (3%-218n%) (usT) {2600} cusg) (260G}
5 & £_
R 12250-7.7x10 19%-12200¢% 18 80 18 80
Long. \ 63 ok . NA NA
H 2187-1.4x1077) (3%-2180%) (457) | (2032) (4581 |(2032)
= [ -
non# itd .o 0. .6 ?e. b
E Vertical : 175 | HA 78 Na i o
(536)" (31%) (1982) {2530} (5707
<
on # NTE_Yy1¥ 248 0. 4.8 ?
01 Lateral ’ 7i-1h HA HA !
N ISTADL {BU-25%) (630) (£30) (68%)
o 1[?1700-6.0.:105* 46%_1970n% 18 78 18 e
Long. §. .. 14 , HA 1A
A FO-TARIGEA (- J100% ) a7y | (1982 o [oes2)
R StTTlnesn | Damping Friclicnal Reotraint
" In-Lt/Rad I'b-Oec~In In - Lt
1 (Kp~Cr/flad) (Fp=5es=Cm) (g = Co)
Roll Hin Hp NA
B o PR n s
| Yaw tHh Hh S !Ur' to Sk s ‘1“ ¥
‘ L x 100% to by oot




*

Truckt Tvype:

Car Rody:

Pruck welght {2 frucks):
Car Body RTH Welehtu:
Vehicle RTR Welght:
Design Speed:

Russinn VR
See Table

57330 Ibs.
F<PY LR R
127«h2 15,

200

17

(2ot)
(31.8¢)
(57.8t)

12§ mph 200 kmh)

°

TRICK UNSPRUNG MASS

ER 200

Tatle 14

., —— e e -

Mags Dlenezer
Lb=Secs/In In Conlelty Wheelbase Track Gauge
(Kg-SectsCm) {mm) N.D. In (mn) In (rm)
Jheelset 9.7 37.4 Y uoA- 38 98.1 60.0
(1.73)% (950} (2500) (1824)
otal Truck 22.81
insprung (4.08)"
TRUCK SPRUNG MAéS
Masi Radil of Gyration In. (mm)
Lb-Sec</In TGRR tc Truck
(Kg-Sec2/0m) Roll Piten Yaw ¢.B.
Fer Truck In {(mm)
L] 1 » s
Truck Sprung 42 .68 384 369 52.9 1.7
(7.43)% (975)* (937)% (1344)® (500)
Holster 5.2% 28,5t 4,ge 28.7¢ 36.3
(.53 (724)4 (124)* (729)" (922)
Mruck and
Bolster 47.8% 37.08¢ 35.8% 20.84 21.5
Bprung {8.53)¢ (960)% LEPEYL (1290)* (5L6)
Mraction 1
Motor Powered
N
E.M., Brake ° NI
i {.6u)+*
|
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Darper Spacings In (mm)
Stiffness Lt-Sec/Tn
Lb/In (Kg/Cm) ‘Ke-Secyorl Verticall Vertlcal
Per Truck Per Truck From TQRH lLateral Long. | From TORER Lateral Long.
P 31000 log*-ganw 82.7 98.4 $5.3 98. 4
Vertical NA NA
i (5535) (19®-163%) {2100) | (2500) (2u20) | (2500}
T 3.2x10"-2x107F  s1r-32000e
" . 3. ; x 51%-3208 18.7 " 98.4 i3.7 98.4
cteralt N4
Txl07-3.6 A_570CE
A - ;105i§ (9%-570C8} (475) (2500) (475) (2500)
R 3.2x10 =2x10™h  618-32000 18.7 82.7 1B.7 | 82.7
Y Long. 3 . . NA KA
(5-7Tx202-306 | (9%-57G0) th75) | (2100) (475) | (21005
X107 %)
s
| Vertieal £850 43w NA 2.7 0. A 117.3 0.
c {1045) (77%) (2100) (29847
s200t jkgk-baek 374 0. 36.2% 19.7
0 .
Lateral P NA
" (571%) (26n-72m) (950 % TP NA (500)
b 58060~16.3x10'|F 124%-c18008 24.6 10,1 e B 108.1
Long. 114 o - NA He
* e ,zr'Jr’.l) (22.1-9200%3 |  (€25) | (2746) (roy |(2748)
¥
R T Stirfnecy Vamping krictional Hoestraint - q
In-Ly/Rad L=Sce-In = In - Lb
¥ 1 (Fu-Cn/Bnds (ro-8re-Cm) (Fp = C&m)
foll HA NA 1A
" 1Tk J09% te 9. x 109%
{aw lif HA , )
i 2.1 2 10V o 0Lk . 1050)
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TTeueK Type:r Pe11l 17
Car Body: Sve Tuble P —
Truck Welght (2 Trucks): ST 0 les, (1200 III
Ccar Rody RYR Welght: Traag 1“.91;1
Yehicle KRR Welght: 106378 lus. (47,032 -
Design Speed: 100 mph (19] kmh) Tablie 15
TRUCK UNSPRLUNG HMASS
Mags Dlameter
Lb-Sec2/In In Conicity Wheelbase Track iauge
\’K:’,—Sec?/Cm) (rm) N.D. In {mm) In {(m=)
102, €5
heelsetb 8.3 3%. 1720 10 g
(1.6) {g14) L(2591) (1h3n) |
fforal Truck 7.8
nspIung (3.2)
Iy
TRUCK SPRUNG MASS
MNass§ Radli of Gyration Inm. (r=i} -
Lb—Scc,':/In TORR to TrucH
(¥z-Sece/Cm) Roll Pitch Yaw c.g.
Per Truck ‘ In (m-)
. 19.1 33.1 18.6
[Fruck Sprung 9.8 1.5 J
(1.7) (Bow) (485) (568) (472)
. 7.2 8.7 37.4 26.3
Polster 1.9 3
(1.4) (qus5} {221) (950) (668;
ffruck and yon 15.8 .8 22.2
Bolster 17.7 3 5 S7
Sprung (3.2) (873) (402) (960) (564)
b
Traction
otor Unpowered
E.M. Brake NA '
. —
TRUCK SUSPENSION
Damoing ] Spring Spacings In (mm) ) Damper Spacings In (mm)
Stiffness Lb-Sec/In
Lb/In (Xg/Cm) (Kg-EecyCm) Verticail Vertical
Per Truck Per Truck From TORH Lateral Long. | From TORR Lateral Long.
3 645000 3574 to 1000% 6. 102. ug 102
Vertical . NA NA
R (115164) (T7% to 216%) (1168) | (2531} (1168) | (2591)
I
4100000. 240%-8500% 18 102. 18 10?2
M Lateral NA Tk
A (732051) (61%-1520") 4s57) (25921) 1457 (2591)
g
R ) ; 1834-ii5% 08
] 1180000. ! 18. Le. 18 46
¥ Leng. R NA NA
(210h88) (339-%16%} (457) |(1168) (457" (1.58)
s | i - N
3700 240 90, 0. e7. 0.
E Vertical NA NA
(6E1) (43) (22B8) (2210)
C -
o houg 200 4Q. 0. 29. 0.
Lateral . HA HE
N (714 (36) (1016) 1737}
D 25006 124 20. 108. 20. 108.
Long.- NA NA
A (hhGh) (i) (506) 1(2743) (<c8) (2743)
A= sullirass Frictlonz! Restraing
. In-Lb/Mad in - Lb
! (Kr=Sn/imd) - (Koo = Cm) I
[
Rell I HA I'A
Vo MA H It 30?
SR e e 9 200 o
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Pruck Type:
Car lody:

Jil Metvroeliner
See Tuble 17

_85_

Truck Weight (2 Trucks}: fV.wu lba. (21.80) Metroliner
Car bwody KTR Welght: i:“w:‘aﬁ tha gi?-?!; .
Vehicle KTR Welghe: haal 1ba u.le
Design Speed: 120 mph (258 xmh) Table 16
TRUCK UNSPRIJNG MASS
Masgs Dlszcter
Lb-SecE/In in Conlcity ° ¥heelbase Track Gauge
Kg=-5Sec</0m) {mm) N.D. In {mm) In (mm})
Mheclset 12.5 36, 1/20 102 56,4
2.23) (914) (2541) (1435)
fotal Truck 29.1
Mnsprung {5.20)
TRUCK SPRUNG MASS
3-‘.553 Radll of Gyration In. (mm)
Lbh-S2c</In TORR to TrucH
{Xg-Sec?/0m) Roll Pitch Yaw c.g.
Per Truck In (mm)
Truek Sprung 25.2 24.6 31.2 37.5 20.3
(4.50) (625) (792) (953) (516)
RBolster 6.9 37.2 8.7 37.4 27.6
(1.23) (9u3) (221) (950) (701)
Truck and 2.1 28.6 K
Holster 3 228, 28.1 375 21.¢
Sprung (5.73) (714) {953) (556}
Traction 10.8
potor (1.93}
E.M. Brake NA
TRUCK SUSPENSION
. Damping Spring Spacings In {mm) Damper Spacings In {mm)
Stirfness Lo-Sec/In -
Lb/In (Kg/Cm) (Hg-Sec ,om Verticar}j | verticai
Per Truck Per Truck From TURA Lateral Long. | From TQRR Lateral Long.
P 1030400 260 79 57.5 79 102
Vertical NA NA
R (15162) (46.4y £2007) ¢ (1461) (2007 | (2591)
1
55800 260 18 57.5 18 102
4
Lateral Na Na
A (5563) [S1FED) (8571} {1461) (ug7)y (2591)
B £5800 260 18 79 18 79
¥ Long. . HA NA
(9963} (36.4) (457) (2007) tas7y | (2007)
8 7740 115 92 99
Yertical HA 0
E t1382) (20.5) (23377 e NA (#51%)
c
3374 173 39 37 '
o Lateral KA o HA [+}
. {605) {30.9) (991) (gho}
D . GhLB0 78 23 108 2) 108
HA
Leng. . i N N Ha
A {17259) (13.9) (51%) {2743) (53%%) (e7u3y
B Stifiness Damplng Frirtional dentrainl
In-Lh/Rad Lb-8e0c-Tn 1n-Lb
¥ L (Ye-Cr/Rad) (¥y="og=Cm) _{kyCm) }
ioll Bl N S
S ]
p T i H
Yaw " NA 1.7x10 ?.,x‘lﬁ ) i
' - SO e By

! [Reproduced from
| | best avallable 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 organized
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 bhe at the géometric 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.

The following two pages show the tabulated car body
data. ' :
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INFLUENCE OF TRUCK SUSPENSICN PARAMETER
VARIATIONS ON RAILCAR DYNAMIC RESPONSE

The iInfluence of truck suspension on vehicle dynamic
response 1s characterized by the changes in natural fre-
gquencies and associlated modal dampings of the vehicile
dynamic system associated with changes in the truck sus-
pensicn parameters., 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 bcdy
center of gravity. This allows the Vertical input
to the trucks.due to rail irregularities to be parti-
tioned into fthe average <f the two truck motiocns
which drives purely symmetrical vertical vibrations,
and the out-of-phase motions which drive purely anti-
symmetric (pitch) vertical vibrations.

(2) Inalvidual 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 verticail and pitch
dynamics., This and the preceding symmetry completely
unceuple 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-
guency).

(43 All 1% cars have the two lowest resonant fregquencies
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 wvertical truck suspensicn, where the pri-
mary and secondary springs are 1n series and the truck
sprung mass 1is neglected (referred to as the lower and
upper car roll-lateral resonant frequencies).

For the 15 high speed trains described in this repurt,
the car bounce, lower and upper roll-lateral, and rigid-body
car pltch and yaw resonant freguencies are all between 0.5
Hz and 2 Hz., These frequenciles 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%
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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 contrelied by
the secondary .lateral stiffness than is the vertical rate
by the secondary vertical stiffness.

The resonant frequencies between 0.5 and 2 H; 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 rescnances. Sufficlent
damping must be provided in these modes to control the re-
scnant car bedy accelerations, yet the damping should be
moderate since it provides a path for transmission of vibra-
tions at higher freguencies.

A1l 15 truck suspensicns 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 eritical damping. The car
bounce modal damping is largely controlled by the damping
in the secondary wvertical suspension, and this damping is
higher than it would have to be 1f it were connected from
car body to unsprung mass.

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

%2 of Critical _ c ( ks 2 + CS ( Kp )2
Damping - p ko + Ks) kp + ks
om Wp
Where Cp = Vertical damping in primary suspension,
1b sec
in
Cs = Vertical damping in seccondary suspension,
1b sec
in
i
K ;
D = Vertical stiffness 1in primary suspension,
1b
in
ks = Vertical stiffness in secondary suspension,
1b
in



1]

Mass of 1/2 the Car Body, lb sec °
in

m

W

m Resconant 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 Ireguency 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 1s not well
speclfied in the literature, It 1s also hard to estimate since
the 1% railcars studied have ratiosg of lateral secondary to
net vertical spring rate which ranges from 0.27 to 1.1 Also,
scme cof the trucks studlied 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 1t impractical
t0o generalize about the influence of lateral damping on dynamic
response.

Several important low resonant responses above 2 Hz are
associated with the truck mass between primary and secondary
springs and the car body as a flexible structure. There are
two degrees of freedom whilch cause two resonant responses in
the range between 3 Hz and 12 Hz for all but one of the 15
cars covered herein. These resonant responses can be better
understcod 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 yilelds the truck bounce resocnant fre-
quency. The car flcor 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 resonarnce
provided flexible car behavicr s not signifiecznt at the truck
bounce resonance.

In 10 of the 15 cars, the car lowest resonant freguency as
a free beam in space 1s between 1.2 and 2.0 times higher than
the the truck bounce frequency. Thus, 1in these cases it is
counled to the truck bounce freguency. The Italian Z1040 has
a ratio greater than 2.0. ¥For fwo vehicles the car frequency
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was unknown. The AMCOACH and Metroliner have fruck Lbounce
frequencies of about 26 Ha, and car body free beam rescnances
of about 7 Hg and 10 Hz, respectively, which is in the range
~of the cother 13 car bodles. The relatively high truck bounce
freguencies distinguish these vehicles from the other 173.

The Metroliner has a power Stransformer equal to atrut 10%
of the car body weight sprung under the center of the car at
about 4.5 Ha, which influences its low frequency dynamic be-
havior.

The primary vertical springing provides between 70% and
92% of the total stiffness for the truck bolunce 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 :mode.
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 while
not being sc¢ high as to transmit excessive high frequency vi-
brations.

The low frequency dynamics of some of the rallcars reported
is modified by the addition of & linkage which provides tor-
sional restraint between each truck and the car body. The pur-
pose of this spring {(referred to as a rcll bar) is to prevent
eXcessive lean or. lateral motion of the car in response to
statlic or quasistatic side loads, such as occur when operating
at overspeed cor underspeed cn curves. The excessive lean 1s
accentuated by cars with center of gravity relatively high a-
bove the suspension, or relatively soff 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.

A1l the cars described have some provisicn for allowing
truck yaw with 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, 1In some cases the yaw occurs through springs
which do offer statlec restoring forces. The yaw damping 1s neces-
sary to control the combined yaw and lateral motlon of the truck
as 1t steers by virtue of its coned wheels. The damping should
be maintained at a level sufficient to maintain stability while
being low enough not tec cause flanging on curves.



FLCOMMEND ATTONS

It is recommended that tests be performed on any or all
of the high speed trucks included in this report or that
communiications 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 approxlimations could not be performed
to be completed.
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APFENDIX A

Report of Inventlons

The main purpose of this project was to tabulate truck
and car body data for rall vehicles traveling at speeds of
125 mph or higher. 'No inventions were achieved during the
performance of work under the contract. However, the tabulated
engineering 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 selected
125 mph high speed trucks, courtesy of these publications:
Chemins ‘de Fer, French Rallway Techniques, Rail Engineering
Internagtional, and Rallway Gazette Infternational.

Pictures of the Z1040 and BT10 truck are representative
of them, but it 1s unclear from the literature 1If they are
the actual tTrucks. 'All the other pictures contalned in this
appendix are the actual trucks.
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