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Approximate Conversions to Metric Measures
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centimeters
centimeters
meters
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METRIC CONVERSION FACTORS

Approximate Conversions from Metric Measures

Symbe! When Yeu Knew Maltiply by Te Find Symbo!
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LENGTH

mm millimeters 0.04 nches "

om centimeters 0.4 nches "
& m meters 33 feet L
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- km kilometers 0.6 miles m
km

AREA
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m 5 ha hectares (10,000 m?) 2.5 acres
'
ha

MASS (weight)

] grams 0.035 ounces oz
:g kg kilograms 2.2 pounds ®

t tonnes (1000 kg) 1.1 short tons

VOLUME

mi ml milliliters 0.03 fluid ounces fl oz
mi ' liters 2;3 pints ]
ml | Iiters 1.06 quarts at
1 [l liters 0.26 gallons ga!
| m cubic meters 35 cubic feet "
i w? cubic meters 13 cubic yards e’
I
~? "
m TEMPERATURE (exact)

*c Celsws 9/5 (then Fahrenheit °F

temperature add 32)
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-40 c 40 80 L
P Biberihiegdiicl Skl 2
T L | A T I
- 40 -20 o 20 40

oc 1




TABLE OF CONTENTS

INTRODUCTION . . « « « « o + &
1.1 Background . . . . . . . .

1.2 Objectives . . . . .

1.3 Plan . « ¢« ¢ ¢ ¢ « o e e . o
TRUCK LIST e e e e e e e e e e
2.1 Passenger Truck List . .

2.2 High Speed Trucks o e e e ; .
TRUCK SUMMARY ¢ « & « o « o« « o o
3.1 General Truck Characteristics

3.2 Summary of Truck Designs

TRUCK AND CAR DATA COLLECTION .

L.1 Truck Description and Illustration .

4,2 Truck Data . « «. « .« &
4.3 Car Datd .+ ¢ o« + o « o « o

INFLUENCE OF TRUCK SUSPENSION PARAMETER
VARTIATION ON RAILCAR DYNAMIC RESPONSE

RECOMMENDATIONS .+ & + & « « .« .
References e o & 1 s o e o e

Appendix A ‘
Report of Inventions . . . . . .

Appendix B
Photographs of High Speed Trucks

15
16.
16
17
19
19
67
86

89
93
9l

107

108



Figure

3
5,
7s
9,
11,
13,
15,
17,
19,
21,
23,
25,
27,

29,

Q@ O =

10
12
14
16
18

20

LIST OF ILLUSTRATIONS

Truck Type

Y-28

Y-32

y-224

Y-225

Y-226

FIAT Eurofa
Z 1040
ET-403
Minden Deutz
DT-200

LRC

BT-10

ER 200
P-ITT

Metroliner

vi

Page

22,
25,
28,
32,
35,
38,
41,
by
b,
50,
53,
56,
59,

62,

65,

23

26

29
33
36
39
42
45
48
51
54
57
60
63
66



.

Table

g

O o N O Ul

10
11
12
13
14
15
16
17

LIST OF TABLES

Tifle

Truck Summary

Y-28

- Y-32

Y-224

Y-225

Y—2é6

FIAT Eurofa
Z 1040

ET 403
Minden Deutz
DT-200 |
LRC

BT 10

ER 200
P-ITI

Metroliner

Car Body Parameters

vii/viii

Page.

18
71
72
73
T4
75
76
7
78
79
80
81
82
83
8l
85

87, 88



INTRODUCTION
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 process. 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
technical 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.

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.

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

1

.3.

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 Technlcal Monitor designated certain high speed
trucks as priority trucks for which complete descriptions
would be provided. The 1list 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 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 obtaln detalled dynamic data. Several engineer-
ing articles for each high speed truck were studilied before
attempting a data tabulation. Several iteratilons were made
to achieve an appropriate engineering format. Tables of truck
information were primarily based on the raw data and engineer- -



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

v 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.

Na/



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.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. :

¢
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PASSENGER THUCK L&D

COUNTRY | VEHICSE |TRUCK BUTLDER| POWERED SoNC DATAl .. SYSTEM USED ON APELICATION
DESIGNATION ' Transitt Mainline| Commuter
FRANCE Y20 SNCF No Yes Mistfal‘Sud Express X
' Paris-Nice Run
Y20D b No Car_ A9 Mistral
Yo2 " No
Y2u & No Yes Paris-Hendays Sud Express X
Y2UAl " No TEE Paris-Brussels Amsterf-
Y2uc " No dam CAPITOLE Paris~Tonlouse
. Y26 " No New carriages for Mistral . X
) SNCF Rest. Cars Paris-Rullr
Y26C " No )
Y26P " No Yes Rest. Cars of Mistral X
Traln
y28 " No Yes SNCF Home Service Carri- X
ages,, TEE Trains
Y288 " No Tes
Y28¢C " _No '
Y28E " No Mistral Paris-Mersailles X
Y28E2 " No Yes
Y28E3 " No
Y28F ! No Yes
. Y28Q Schlieren No )
Y30 SNCF No Yes Car-Carrler Vehilcles
Y3op " No Yes  |Double Decker Suburban X
Coaches
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PASSENGER TRUCK LIST

APPLICATION

TRUCK OR SOME DATA -
COUNTRY ~ VEHICLE TRUCK BUILDER| POWERED AVAILABLE .. SYSTEM USED ON
DESIGNATION Transiy Mainline| Commuter
Y32 SNCF No Yes First Class Coach AU TEE X
' bnd ‘Second Class B11lU
Y32A " No Yes "“TEE A9U Coach European
' Standard Coach
Y3241 " No Yes
Y3242 " No Yes
Y32B " No B11lU Coach - TEE
Y32B1 n No Yes
Y32B2 " No Yes
Y32E " No
Y187 " No
Y205 " No
: Y207 " No Yes
Y207A " No
Y2078 " No
N Y207B2 " No Yes
Y207B3 " _No
Y208 "
Y214 " No
Y223 " Yes Yes Parls~Caen-Cherbourg Ling X
RTG_Turbine Train
Y224 " No Yes RTG Turbine Train X
~y225 " Yes Yes TGV-~, 001 Turbine Train X
Y226 n Yes Yes 12-7001 '




BASSENGER TRUCK LIST :

TRUCK OR

S SOME DATA| e APPLICATION
LOUNTRY - VEHICLE |{TRUCK BUILDER|POWERED AVAILABLE .. SYSTEM USED ON . .
DESIGNATION ) Transiy Mainline| Commuter
¥226a ‘ No Z-7001
MF67C3 mono- MTE Yes Yes Paris Metro . X
moctor Bogle \ . ' _
Eurofa SNCF Yes Yes Standard Passenger Coachgs
1.
~ GERMANY M5 Klochner-Ham- Yes | First twenty T2 Cars _X
1 boldt-Deutz )
(Minden Dentz)
M6 " Yes
116-2B " Yes Carel Air Conditioned T2
' . Cars Cafel Fouche X
) M6~1C 0 T2 & Sleeping Cars X
MG50 " . ,
ET420 M.A.N. Yes ,
ETH403 " Yes Yes High Speed German Inter- X
' B City Network °
vTeld - " Yes,No
ET472/474 MBB Linke- Yes Yes Hamburg
' Hofmann-Busch -
DT1 " Yes Hamburg Metro .
DT2 " Yes Yes Hamburg Metro C
DT3 " Yes Yés | Hamburg Metro iy
DuWag U~2 DuWag Yes, No Yes Frankfurt Subway.




PASSENGER TRUCK LIST

A

—

COUNTRY . _ "VERICLE |TRUCK BUILDER|POWERED S oATA| . SYSTEM USED ON APPLICATION
. DESIGNATION - ‘ Transly Mainline| Commuter
Minehen-Xassdl Weemann ?eﬁ ,No TEE. .Parsifal Paris-Ruhr
WTR-(Q " ' o
S=WTR-£9-1 " No
S=UWTR=-9=-1 " Yes
: Ind, :
JAPAN ¥3308 Sumitomo Metal No Yes Tobin R.BR. Co,, Ltd.
FS357 " Yes Yes "
FS302 " Yes Yes  |Keihan Electric Rallwa¥®
FS337B " No Yes ",
FS330 C Yes Yes | Odakyu Electric Rallways
FS360 " Yes Yes ' "
) FS326 " Yes Yes |Nagoya Railroad Co.

FS335A " Yes Yes oo
FS329A " Yes. Yes Kaisail Electric Raillway Qo
FS329B " Yes Yes "
FS323 " Yes Yes Tcito Rapid Transit Auth
FS358 " Yes Yes "
TS101 Tokyu Car Mfg. Yes
TS105 " Yes
TS301 " Yes
TS302 " Yes
73303 " Yes
75501 " Yes

‘e

A



PASSENGER TRUCK LiST

APPLICATION

. COUNTRY | VEHICLE |TRUCK BUILDER|POWERED)jops onin| .. SYSTEM USED ON
DESIGNATION ’ Transit Mainline| Commutéyr

DT23 Yes B

KS50 Kisha Seilzo Kelhan Electric Rallway

TR55 Kaisha

TR58 Yes .

KS51 Kisha Selzo
Kaisha

KH15 Hitachi odakyu Rallways

KS53

£3207 Sumitomo Metal Yes Hanshin Electrilic Ralway

KSSSV Kisha Selzo Keihan Electric Railiway
Yalsha

F8337C . [Sumitomo Metal Yes Keihan Electric Railway

' (Osaka)

DT92 : ' :

DT9001 - |Nippon Sharyo Yes New Tokaldo Line X
Selzo. ‘

DT9002 Kisha Seilzo Yes New Tokaido Line X
Kaisha ) '

DT9003 Kinkil- Sharyo Yes New Tokaldo Line X

DT9004 Sumitomo Metall Yes New Tokalda Line X

DT200 ' Yes New Tokaldo Line X

DT9005 Kawasakl Roll-' Yes New Tokaido Line X
ing Stock ‘ ’

DT9006 |Hitachi Yes | New Tokaido Line X



PASSENGER TRUCK LIST

. CouNTRY | VENICLE |TRUCK BUILDER|POWERED SOME DATA| .. sysTEM USED ON APPLICATION
_ DESIGNATION ’ Transit Mainline| Commuter
SWITZERLAND | ~BE4/6 Schindler Yes, No| Yes Suburbs. and Basell
' CFF_Bl4 " '
Y28Q Schlicren
CFFA“lgSB "
M2 2e "
LaBrugerizd " Yes
Be 8/8 " Yes Yes
CFFA“lZSB SIG Yes Yes
TEE SIG
B 4/8 SIG . [Yes, No YES
CFF 1 re SIG
ITALY 7170 Flat
Y0160 Fiat Yes Systems to Speeds of
- 250 km/hr
71 Fiat Yes Stock operating at speeds
, to 200 km/hr .
7196 g Fiat Yes Stock operating at speedg
to 140 km/hr
27TA FS )
Eurota Bogld Fiat Yes European Standard Coaches
Breda Bogle Breda Yes ' '

/’fF
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PASSENGER TRUOCK LI&T

TRUCK OR

‘ : - | soME DATAl 7 qyes ’ APPLICATION
. COUNTRY VEKICLE |TRUCK BUILDER|POWERED AVATLABLE .. SYSTEM USED ON ,
. DESIGNATION Transit Mainline| Commuter
SWEDEN c1l ASEA - Yes
‘ ) c2 " Yes
c3 ] No
cl " Yes
c5 H and S Orn- Yes
skoldsvik _ .
o] Linkoping Yes
C7 ASEA Yes
c8 " *Yes Yes Stockholm Metro X
Cg "
";ENGL..AND BR_Bl British Raill Mark II Coaches X
e ) 1 BR Type IIX " o
BP 8 Yes. Yes )
BT 10 High Speed Trailn London- X
Bristol/South Wales
APT fes, No .Yes X
APT-E Yes, No Yes . X
C-69 Metro Cammell {Yes, No Yes London Transport Executive
. BR BT 5 British Raill - Mark III Coaches X
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PASSENGER TRUCK LIST

TRUCK OR some paTal . - o o APPLICATION
COUNTRY VEHICLE |TRUCK BUILDER|POWERED AVAILABLE .. SYSTEM USED ON
‘ DESIGNATION Translti Mainline| Commutexr
UsAa Pioneer IIT | Budd Company No Yes T.tJf— -Railecar 3880 (Prototype X X
' " " No Yes SOREFAME - .
" " Yes Yes CTA Test Truck (Prototypne)
v " No Yes RDC Demo Car X X
v " Yes ' Yes P.R.R.
n " No Yes Sorocabana X
" " Yes Yes SEPTA X
" " Yes Yes BARTD Test Z-401 (Experirlental)
" " Yes Yes NYCTA (4 Car Sets) X
" " Yes Yes L Tegt Cars X
" v Yes Yes GT 1 and GT 2 X
" " Yes Yes DRPA (Lindenw 14) X
. " " Yes Yes CTA X
" " Yes Yes MTA - X
" " No Yes L.I.M. Vehicle (Experimertal):
" w Yes Yes' |Sao Paulo X
" " No Yes AMTRAK X
ASDP Truck | . " Yes Yes  |SOAC X
Cast Steel | Gen'l Steel Ihd Yes Yes Cleveland CTS X
" " Yes Yes Boston MTA tunneél -
. " w Yes Yes. Boston MTA elevated .
" " Yes . Yes Hudson and Manhattan
" " Yes Yes Chicago CTA X
Inboard Bearfing " Yes Yes New York City MTA X



PASSENGER TRUCK LIST

..E:[d

o TRUCK OR SOME DATA| . - ' APPLICATION
COUNTRY VEHICLE }TRUCK BUILDER| POWERED AVATLABLE .. SYSTEM USED ON . .
DESIGNATION 1 Transiy Malnline| Commuter -
General 70-( General Steel Yes :Xes EATH'PA:B cars X
Industries i .
Lt.Wt.Cast " Yes Yes SOAC X
Alloy .
Cast Steel |GSI & Ruckeye Yes Yes New York City MTA X X
Y : " Yes Yes New York City MTA - New X X
" Haven M-2
n " Yes Yes | SEPTA NJ DOT Silverlindis X X
General 70 GSI Yes Yes Boston (MBTA) X
" " Yes Yes Metroliner X
Cast Steel | adirondack Yes No_ Philadelphia Market-Frani-
ford Subway Surface Cars
) " Adirondack Yes No New York City M.T.A.
HPT-2 Rockwell Yes Yes NYCTA R-46 X
HPT-3 Rockwell~LFM Yes Yes BARTD X
HPT-U4 Rockwell Yes Yes Washington Metro X
MPT-2 LFM-Rockwell Yes Yes Cleveland X
- Wegménn Yes Yes CTA X .
- Tokyn Car ‘Yes, No Yes MBTA, SLRV San Franciscg ¥
Rockwell Yes ACT-1 X
) letroliner SIG Yes “Yes Northeast Corridor X

Truck
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PASSENGER TRUCK LIST

TRUCK OR

APPLICATION

COUNTRY VEHICLE |TRUCK BUILDER|POWERED|yunsromim| - SYSTEM USED ON :
DESIGNATION Transif Mainline| Commutex
AUSTRALIA Budd-Comeng {Commonwealth Yes Comeng Electric Rapid v
' P-III Type |[Engineering Transit
(NSW) Pty.Ltd.
" b Yes Western Australian Govern- X
ment Railways (Perth and
Kalsoarlic)
CANADA Cast Steel |Dominion and 4§es Yes Toronto Transit Commissiqn X
Alloy Foundries Co.
(Dofasco)
b Yes LRC X
’ Yes |UACL - United Aircraft of
Canada Ltd, Northeast
Corridor and Canada X
RUSSIA ER 200 Yes, No Yes Moscow-Lenigrad X




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-22U4

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-TIII

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).

- 1R -



TRUCK SUMMARY
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 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 is a primary vertical suspension
having the vertical bounce resonance of the truck on i1ts springs
of 8 Hg 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 1ts vertical
springs. Typical practice is a 1 Hg secondary.

A rigid truck frame is a truck frame which 1s 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 suspenslon 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.

p

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 mechanism 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 1s one where equalization of the
truck is provided by the equalizer beam 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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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 pilvot.

A soft primary suspension is considered to apply to
systems having a truck bounce frequency less than 8 Hz.
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 Hg, 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, alr 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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TABLE 1

TRUCK SUMMARY =
y
Conventional | Soft Primary giﬁiﬁ ggiggr Aéiciﬁcﬁiﬁ% Roll Ac;i;g ﬁrl‘;%g:i Equalizer | Electromag
Truck Type Yaw Pivot Suspension Frame |Powered| Design |Suspension |Bar [Control | Train Beam gi:}i{:
v-28 X X X X X
Y-32 X X X X
' Y-224 X - X B X
¥-225 X X X X X X
Y-226 X X X
Flat
Eurofa X X X
21040 X X X
ET403 X X X B X
Minden B
Deutz X X X X X X
DT200 ‘ X X X X X
LRC X X X X B
BT10 X X X X X
ER200 X X X X X B x
P-III X X B
Metroliner X X X X X X
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TRUCK AND CAR DATA COLLECTION
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 indicatlng 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

A flexibility and inherent damping

'§ - elastic element and inherent damping
PLI - viscous damping element
E}_ - carbody connection

Definitions of terms contained in the descriptions and
sketches are as follows: ,
Anchor rod - 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.

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

Equalizer bar : - a member located 1n the
center of a truck which
the center pivot connects
to. :

Equalizer beam - equalization of the truck
i1s provided by this .struc-
tural piece and 1ts springs.
There are two equalizer beams
per truck.

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

Swing link

Traction linkages
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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.
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Yy - 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 consliderable size. Each group is
located outboard of the wheels. The silentbloc material
which connects the axle to the truck frame provides sufficlent
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 belng 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 connectlon. 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 rolling 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 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-

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 andg
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.
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Y - 28

Coil spring for vertieal
secondary suspension
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Figure 1
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Figure 2

Courtesy of French Rallway Techniques
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Y - 32

The Y-32 truck is designed for the European standard truck
and for speeds in excess 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 suspenslon of the body, and enable
the truck to rotate. There are hydraulic dampers controlling
the vertical and lateral movements of the coach in relatlon to
the truck.

The truck has a unique 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 damping
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 longltudinal loads proceed from the carbody brackets
through the traction linkages into the truck frame and out the
primary suspension.

8
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Y - 32

Vertical and lateral suspension
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Figure 3
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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 Y223 truck, and one
unpowered Y-22U4 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 helical 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 egqualizer bar and the rubber bushed rods
into the truck frame and out the primary suspension.
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Y - 224

Verticél, lateral and longltudlnal
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Y-225

The Y-225 truck which is used on the French turbotrain
TGV-001 (production versions 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 xm/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 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 systemn,

The secondary suspension consists of two Sumiride air
springs per truck. One air spring 1s 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 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 vertlcally 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 elastlc 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, 1limit the total
lateral dlsplacement petween 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 1s transmitted from the carbody through the
alr 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 1links 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 1s restrained laterally and longitudi-
nally, but allows vertlcal motions.
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Y - 225
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Figure 7
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French Y-226

The Y-226 truck is used on experimentsl motor coach
No. Z7001. Since entering service in April of 1974, motor
coach Z7001 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 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 suspensicn 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 mm or 2.77 inches and these
stops are not shown in the sketch. There 1s 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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Y - 226

Veﬂtical, lateral, and longitudinal
suspension stiffness by coll spring
wlth rubber inside - '

Vertical secondary damper

Longitudinal
secondary
damper

Truck frame central
Iﬁ cross member

Primary vertical damﬁer

Figure 9
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. Linear eddy current brake;

Dampers in the secondary suspension;
Secondary suspension;

Brake equipment,

Beam supporting the linear brake,
Member transmitting forces between
vehicle body and bogie;

. Primary suspension;

. Anti-hunting damper,

. Transverse damper;

. Driving gearing (reduction ratio: 1.15);
. Sliding tripod transmission.

. Traction motor and reduction gearing

({mounted, beneath the vehicle body.
reduction ratio: 1.39).
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FIAT Eurofa

. This Filat 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 composed of four
helical coiled springs to provide vertical stiffness and flex-
ible connections between the axlebox and truck 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 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 longltudinal
secondary suspenslon by coll spring
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Figure 11
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FIAT EUROFA

Courtesy of Rall Engiieering International

Flgure 12
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Italian Z 1040

The Z 1040 trucks are used on the Italian State Railway's
improved ALe601 electric moftor coaches desligned 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. 1Inside 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 1s composed of four hellical 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 1n 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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Flgure 13
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German ET-403

The ET-403 1s a 200 X¥Xm/h four car electrically propelled
train with all trucks powered.

The primary suspension 1s composed of four hellcal springs
and four vertical hydraullc dampers.  The longitudinal and
lateral stiffnesses are provided by leaf links and 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 selectilion of the longitudinal
and lateral stiffnesses for obtaining the most favorable condi-
tions for 200 km/h stabillity.

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 mm:air spring movement in negotlating
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 .intoc the equalizer bar through the rubber bushed
rods, and into the truck frame and out the primary suspension.
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ET - 403
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Figure 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 designs submitted
for use as the European standard truck. The truck is a
swing hanger type design. )

The primary suspension 1s 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 vertlcal motions.

The secondary suspension comprises four helical coll 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.

Rotatlonal 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 1s 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 1t 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 l1ink rods into the truek
frame, and outthe primary suspension.

- 46 -



MINDEN DEUTZ
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Figure 17
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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 alr damping. This vertical air damping
is supplemented by two hydraulic dampers. There are two lat-
eral hydraulic dampers 1n 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 sprihgs
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.

B
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Figure 19
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Canadlan 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 1974. 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 LRC truck is an interesting one due to the addition
of an active tilt system. An accelerometer 1s 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 detectlon thresh-
old of the accelerometer.

The vertical load is transmitted through the air springs
into the top bolster through the bearing pads to the tiit
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 BT10

The BT10 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 1s 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 1links 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 ailr
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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BT-10

Fig. 2. Isometric drawing of B8R
Mark Il coach BTI0 bogie as
fitted to the intermediate veh-
icles of the HST
1. Primary damper
2. Disc brake
3. Lateral damper
4. Air reservoir
5. Bolster
6. Bogie frame
7
8
9

I3
-

. Wheel slide protection
detector
. Traction rod
. Levelling valve
10. Spring plank
- {1. Air suspension indicator
- * 12. Air spring
13. Swing link
14. Centre pivot

Courtesy of Rail Engineéring International

Figure 24
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RUSSIAN ER200

The ER200, a lld~car train designed for 200 kxm/h service
between Moscow and Leningrad had already achieved 206 km/h
prior to June of 1975 on the Sherbinka test ftrack near Moscow.
The 1ll-car train has the trucks of the two end cars unpowered
with all the remaining trucks poweréd. 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 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 lecngitudinal 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.

- 58 -



ER 200
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ER 200

1ot 3302 g >

Electro magnetic
rail brake

2980

Powered bogie for the
ER200 with electro-magnetic rail brakes

for emergency use only

Courtesy of Railway GaZzette International

* Figure 26
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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 120 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 suspensilon
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 coll and
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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P -~ IIT
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L.ateral secondar:
damper

.; %

[ gl

pt t -
7| £5 g
> \\\\\

Side bearer primary
Center plvot

Primary suspension

Bolster

‘ Flgure 27
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P-TIT

TRUCK ARRANGEMENT

Figure 28
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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 axles of the Metroliner truck
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 coill springs in
parallel with air springs to give vertical and lateral suspen-—
sion stiffnesses. The alr 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

Vertical and lateral secondary
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and air springs in parallel
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Figure 29
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METROLINER

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 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 modelling activities are provided 1in 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-
.fances 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 emplocyed 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 twice
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 Sprung 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 radil of gyration calculations for

all trucks were based on one-third of the sprung welight 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 nct applicable
b) Powered, but mass unknown
¢) 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 motor mass has
been included in the truck sprung. An NI indicates the mass
has not beenincluded, and an I indicates the mass has been
included.

The electromagnetic brake mass is not included in the
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 estimatea frequency
of less than 5 Hs. This would effect the low frequency dyvnamics
for soft primary suspension trucks.

The electromagnetic brake mass 1s included in trucks Y-224,
Y-225, Y-226 and ET-403; and this 1s represented in 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.
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 Hsz 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 Hg to 50 Hg for the rigid car body modes.

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

5) A range of vertical primary suspension damping was pro-
vided. The upper 1limit of the vertical uncoupled sprung
truck mass bounce mode was damped at 50% of critical
damping. The lower 1limit of the primary damping was
based on a total weight ( 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 Hg uncoupled carbody
bounce frequency and 5.5 Hs coupled vertical carbody and truck
bounce modes, except in cases of the Y-228 truck, and the
Minden Deutz ftruck.

The Y-224 stiffnesses were based on coupled carbody and
truck modes having a 1ow frequency of 1.35 Hzg and a high
frequency of 7.35 Hs.

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 Hg 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 Hg. The .7 Hs 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 saild 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 ftruck.

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 cnly when a truck has
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a particular device for adding to the stiffness or damping
in these degrees of freedom. TFor example, 1f 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 frequencies. The Fiat 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 all
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-225
and Fiat Eurofa. The estimations were based on converting
the range of yaw frictional restraint into viscous damping
numbers.

Truck data table abbfeviations:

NA - data is not applicable

NI -~ mass 1s not included in truck sprung mass
I - mass is included in truck sprung mass
¥ - engineering estimation
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, Y - 28
Truek Type: French Y-28
N ( Car Bod;)l: See gai)t];e 171 ,
. Truck Welpht (2 Trucks): 2640 s. {12t T
Car Body RTR Welght: 83790 lbs. (35t) able 2 .
Vehicle RTR Weight: 110250 1bs, (43,8t)
Deslgn Speed: 125 mph (20Q kmh)
TRUCK UNSPRUNG MASS
.+ Mags Plateter
Lb-Sec;/In In Conicicy Wheelbase Track Gauge
(Kg-Sec</Cna) (m) N.D. In_(mm) In (mrm)
- B 7.3% 6.2 100.8 6.
Wheelset 3 3 1750k, 38 56.5
(1.31%) (520) (2560) (1435)
[fotal Truck 14.6
Unsprung (2.62)
TRUCK SPRUNG MASS
Masi_ Radil of Gyration In. (mm)
Lb-Sec</In TORR to Truck
(Xg-Sec2/Cm) Roll Pitch Yaw c.g.
Per Truck In (mm)
.8 L, 6% 1% 45.1% .
fruck Sprung 13 34.6 29.1 5.1 25.6
(2.46) (879)# (739)% (1146)* (650)
2.4 22.5% * L5 Y.
Bolster > T 23-5 34.6
(.u2) (572)* (178)* (597)* (880)
Iruck and g * M x
g 16.2 33.1 271 42.5 26.8
Sprung (2.88) (842)% (689)*% (1080)* (680)
Traction
Motor Unpowered
E.M. Brake 3.4 a1
(.61)
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Darper Spacings In (mm)
Stiffness Lb~Sec/In L
Lb/in (Kg/Cm) (kg-Sec/Cm) Vertical Vertical
Per Truck Per Truck From TORP Lateral Long. | Frem TORR| Lateral Long.
P 13150 52%-125% 77.6 | 100.8 77.6 100.8
Vertical
R : (2347) (11%-27%) NA (1970) | (2560) HA (1970) | (2569)
I
112000-168000| 18%-1€50# 18.1 64.2 18.1 64.2
M ,
Lateral (2000-3000) | (3¥-2g5% (460) NA (1630) | (L60) NA (1630)
A
R .560000 120#-3012% 18.1 77.6 18.1 77.6
v Long. (166000) - (1%-538%) (460} (1970) MA (460) (1970) NA
s 5186 H20R 74.0 19.1 54,4 54,k
.-{ Vertical
E (926) (91%} NA (1880) | (485) NA (1380) | (1380)
C
0 2130 FIA R 25.6 0. 25.56 0.
Lateral
" (380) (20%-62%) (650} MA (650) NA
D 42506-10.7220%" 2438000 25.6 0 25.6 0 ..
Long. | renn - 6 NA KA
A (£950-1.9x10 %) (15%-COBO%) (650) (0) (650) 0)
R Tiiliness Damping Frictlonal Restraini
In-Lb/Rad Lh-Cec-In In - Lb
Y (fz-Ci/Red) | (tr-iee-Cm) Ak = ¢
Roll i.2n g0t ua ! NA
(h.5x307) [ ) ~
5“ 5 5 5!
Yaw WA NA 1 x 10 te 5 x 10
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Truck ‘Type:

French Y-32

Car Body: ‘ece Table 17 Y
Truck Welght (2 Trucks): 0000 1lbs. (13.6t) - 32
Car bBody RTR welght: 70340 1bs. (31.9t)
Vehicle RTR Weight: 10030 1bs. (45.5t)
Design Speed: 155 mph (250 kmh) Table 3
TRUCK UNSPRUNG MASS
Mags Dlaneter
, Lb-Sec&/In In Conlcity ¥heelbase Track Gauge
(Xg-Sec?/Cm) (mm ) N.D. In (me) in (mm)
8.0 35.0 100.8 56.5
Wheelset 1/80%~.3%
(1.43) (890} (2560) (1435)
lrotal Truck 16.0
Knsprung (2.85)
TRUCK SPRUNG MASS
Mas Radli of Gyratlon In. {mm)
Lb-SecZ/In TORR to Truc
(Kg~Sec2/Cm) Roll Pitch Yaw c.g.
Per Truck In (mm)
L ]
Pruck Sprung 19.4% 35.0 29.0% 45.3% 19.7
(3.46)% (889)% (737)* (1151)* (500)
Bolster NA NA NA NA NA
Truck anad
Bolster
Sprung NA NA NA NA NA
;I;xo':g;:‘ion Unpowered
L‘M Brak 3.6 NI
. ¢ (.61)
TRUCK SUSPENSION
Damping Spring Spacings In (ra) Damper Spacings In (rma)
Stiffness Lb-Seec/In
Lb/In (Kg/Cm (K‘—Secq(cm Verticall Vertical
Per Truck %’er _ruc)k From TCRF| Lateral|. Long. | From TORR Lateral Long.
P 14000 50%-266% 78.7 100.8 78.7 120.6
_ Verticall
i (2500) (9%-47%) NA (2000) (2560) NA (2000) (3064)
I
26600 29%-718% 18.1 66.9 17.5 66.9
" Lateral
. (4750) (5%-128%) (460) NA (1700) | (444) NA (1700)
H' 324800 100%-2510% 18.1 78.7 18.1 78.7
Long. .
Y & | (58000) (1E%_44Ex) (460) (2000) N& (46G) (2000} N&
S 4590 3354 78.7 G. 106.3 23.0
- | Vertical
z (820) (60%) NA (2000) NA (2700) (585)
c
o 1867 to 1930 F3#-250k 28.4 C. 32.2 0
Lateral (188_cLk
. 333 to 1345 | (18F-Gi¥) (721) 7 (818) MA (0)
- 1
D ~ B2300-9x107F 69%-28600% 17.5 0 176 0
Leng. e 6 NA ° NE&
A (5770-1.6x107)¥  (12%-5200%) | (44 (0) Ly (v
R Stiffness Damping
In-Lb/Rad Lb-Sec-1In ¥rictional kestralirt
Y (Kgy-Cm/Rad) (Kz-Sec=Cm) In_- Lb (¥ - Cm)
2.5x30"
Rol) | (5735006, A NA
Yau Ha Toaon w1 w-a05% b b x 107
..... . o ez xaobed (2 2 302 e 6ox 100%) |
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Tauck Type:
Car Bedy:

French Y224
See {able 17

Truck Weight (2 Trucks): 28800 lts. (13.06t) v 20l
Car Body RTR Weight: 65490 1bs. (29.7t) e
Vehicle RTR Welghe: 94290 1bs, (H227t)
Deslgn Speed: 125 = 155 mph (200 - 250 kumh)
Table 4
TRUCK UNSPRUNG MASS
. Mags Digmeter ) .
‘Lb-Sec=/In In Conicity Wheelbase Track Gauge
(Kz-Sec2/Cm) (mm) N.D. In (mm) In (mm)
8.0% 33.9 106.3 56.5
Wheelset
ee 1/00% 3¢
(1.5%) (860) (2700) (1435)
fotal Truck 16.0®
lUnsprung (2.86%)
TRUCK SPRUNG MASS
Mass Radli of Gyration In. (mm)
Lb-Sec</In TORR to TrucH
(Kg-Secz/Cm) Roll Pitch Yaw c.g.
Per Truck In_(mm)
o
Truck Sprung 21.2 36.7% 30.6% 47.6% 18.1
(3.79)* (932)* (777)* (1209)¢ (460)
Bolster NA NA Na NA NA
Truck and
Folster NA NA NA NA NA
prung
[fraction U red
Motor npowere
E.M.Brake 3.4%
(.61%) 1
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Damper Spacings In (mm)
Stiffness Lb-Sec/In ey Vertioal
Lb/I Kg/Cm) (Kzx-Sec/Cm) Vertica
geg érﬁék Per Truck From TORR Lateral|. Long. | From TORR Lateral Long.
P 37300% 85%-619% 82.1 106.3 82.1 106.3
Vertical NA NA
R : (6660)* 19%-134) (2085) | (2700) (2085) |(2700)
I 05 . .
" 13390-8 x1 i 21%-13000% 16.5 106.3 17 A 106.3
Lateral ) o NA .
(2392-1.5x1P) ¥ (4%-2300%) (420) (2700) | (430) (2700)
A
R 13390-8x10%% | 21%-13000% 16.5 82.1 . 17 82.1 -
' Long.| ° . A
¥ 2391-1.4x109F (1%-2300%) (420) (2085) (430) | (z085)
s 7500% 356¢ 82.1 0. 8z.1 24.8
| vertical NA NA ¢
E (1339)* (6% (2085) (2085) | (630)
[+
1650% 150% 40.2 0. 40.2 i 18.7
0] rateral NA NA \s)
(295)% (27)% (1020) (1020) (475
N
D 30100-3.4x10%  64%-25700M ho.2 0. - 4o.2 10€.3 i
A LN (eaz0l2. 7x105) 8 (116800 ¢ | (1020) (1020) 1 (2700)
R Stiffness DampIng Frictional Restraint
In-Lb/Rad Lb-5ec~In n - Lb
Y (¥ pz~Cm/Rad) (Kg-See=-Cm) (K = _Cre)
Roll NA NA NA
] 1 x 107% to 5 x 10°%
Yau ik R (1.2 x 10%% 1o €y 20%)%
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Truck Type:

Car Rody:

Truck ‘Weight (Articulated Prain)t
Car Body RTR Welght:

Vehicle RTR Welght:

Design Speed:

Prench Y-025

See Table 17

22491 b, (10.2t)

b189+ 1es. (19t)

6438c 1bs. (29.2t)
155-186 mph.(250-300 knmh)

TRUCK _UNSPRUNG MASS

225

Y

Table 5

b‘.aas Diameter
Lb-Sec</In In Conicity Wheelbase Track Gauge
(Kz-Sec</Cm) {mn) N.D. In (mm) In (mm)
[
Wheelset 8.6 35.4 L/HOE- . 3¥ 102.4 56.5
(1.53)* (900) (2600) (1435)
Total Truck 18.2
[Unsprung (3.26)
TRUCK SPRUNG MASS _
Masg Radii of Gyration In. (mm)
Lb-Sec2/In TORR to Truck )
(Kg-Sec2/Cm) Roll Pitch Yaw c.g.
Per Truck In (pn:)
[
Pruck Sprung 39.9 3h. 2% 34.9 ug. 7% 20.3
(7.14) (869)*% (386)* (1237)* (515)
polster NA NA NA NA NA
Truck and .
Bolster NA NA NA NA NA
Sprung
Traction 16.7
Motor (2.99)
E.M. Brake i 3.4%
! (.51)%
{ .
TRUCK SUSPENSION
Damping Spring Spécings In. (mm) Damper S i Iy
Stiffness | Lb-Sec/In per Spacings In (mm)
Lb/In (Kg/Cm) (Kg~Sec/Cm; Vertical Verticall
Per Truck Per Truck From TCRF Lateral Long. | From TORR| Lateral Long.
P .
32000% 85%-619%
. Vertical ‘ i 76.8 102.4 - 76.8 129.9
(5713.6)*% (15%-111y» (1950) | (2609) (1950) (3300)
I T
2.5x10,%-1,61| ,
M teral xlog ¥ | Ho*-25000% 15.8 102.4 15.8 102.4
Latera ”'5"106'2‘9 (7.1%-4500)% NA N2
A X1G)# . ) (401) (2600) | (#01) (2600)
1
R 2.5%10,-1.6 Bo*- ®
song.]  ¥0% 0%-25900 15.8 | 76.8 17.7 76.8
’ c.103 w_l # NA NA
! (uosaig’-2.9 | (T AR-E500% 4 (yg1) | (1950) ws0) | 19509
%200k
S
5000% 10#
g | Vertical 3 NA 76.8 0. NA 76.8 0.
(892. 1) (55)% (1950) (1950)
c
2000% 938-279% 27.0
O 1Lateral o ! wo | E 21-0 NA o
N (357)* (17%-50 )% (686) (700) (686)
D 385¢0-10.7 82¥-3U4000% R 7
Long ’ A 7.0 76.8 " 27.0 76.8
23 H %_ER A
A (69cn*~1.9‘)“ (15%-€150) (686) (1950) (€859 (1aes A
210 %
R Stiffness Damying frictional Reotratine -
¥ In-Lh/Rad Lb-Snc-In In - Lb
(Yg=Cri/Bad) (Kg-Sec~Lm) (ki = Cim)
Roll N& N NA
PRI fuh nO¥ ] [
Yau NA 9._“‘4‘.11 ,‘.k“*[ [ 1’)" to 3 x 10 i
- - Loamt Rt Y 0008 b 3y x 19t )E
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Truck type:
Car Body:
Truck Welght (2 Trucks):
Car Body RTR Welght:
Vehicle RTR Welght:
Design Spsed:

French Y-2¢
Sea Table 17
36600 1bs,
93225 1bs.
135825 1bs.
155-186 mph (250 - 300 kmh)

(16.6t)
(u5t)
(61.6t)

TRUCK UNSPRUNG MASS

Y 226

Table 6

Mags DIameter ¢
4" Lb=-Sec%/In In Conicity Wheelbase Track Gauge
(Xg-Sec2/Cm) {zm) N.D. In_ (im) In (mm)
heelset 8.6% 35.8 1/740%-.3% 114.1 56.5
(1.53)% : (910) (2900) (1435)
IPotal Truck |Vert. 22 (39)
Unsprung Lat. 45 (8.1)
TRUCK SPRUNG MASS
Masg Radii of Gyration In. (mm)
Lb-Sec~/In TORR to Truck
(Kg-Sec2/Cm) Roll Piteh Yaw c.g.
‘Per Truck In (mm)
'ruck Sprung {Vert-25.4(4.5) 36.4% 33.2% 50.0% 16.9
Lat.(2.3)(.40) (1924)% (8u3)* (1270)* (430)
Bolster NA X XA A A
Truck d
ngste:n NA KA NA NA NA
Sprung
[fraction Suspended .
plotor From Body NI
3.14
E.M. Brake
(.56) I
TRUCK SUSEFENSICN
Damping Spring Spacings In (mm) Damper Spacings In (mm)
Stiffness Lb-8en/Tn —p— -
Lb/In (Kg/Cn) (Xe~-S Vertical ertica
éer Trsck ( gere%gﬁgi From TORF lLateral Long. | From TORR| Lateral Long.
P 25000 % | gux_n7se 1 90.6 | 114.2 96.5 114.2
Vertical NA NA
R (4463.7)% [ 15%-85 )* (2300) | (2900) (2450) (2900)
I P 5
453-9,1 #
14539 JX1§ 3%-1450% 18 113.6 18 113.6
i Laterali(259-1.6x10° ) ¥ NA ] NA
T (259-1-6x (1#-259)s (u57) (3s20) | cust) (3520)
R’ 1453-9.1x10%% 3¥-1450% 18 90.6 18 90.6
.c NA NA
Y LOnE: (259-1.6x10% ¥ | (1%-259 )* (457) | (2300) (157> | (2300)
5 6000% 4yo¢ 78.0 0. 78.0 27.6
E Vertical NA NA '
(1017)* (Th)* (1980) (1980) (700)
c
2U80% 53%-159% 30.7 0. 30.7 .
%] Lateral NA NA
. (4433 | (9n-28 (780) (780)
D 45600-12.7 QTE-LCLOOW 30.7 78.0 30.7 98.4
Long x105¢ NA NA
2 ‘ L(17“:7200)“ (780) (1980) (780) (2500)
(8140~ 2, 3,10")¥
R Seifness Damping Frictional Resiraint
In-Lb/Rad Lb-Sec-In In -~ Lb
Y (Kg-Cm/fiad) | (Kp-Sec-Cm) (Kg = Crm)
Roll. HA NA NA
5 - S
_ e HA 1.5 x 1? % to 7.5 x 12
- et - (1.7 % 10°% Lo f,.6 _x_107%)
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Truck Type:
Car Body:
Truck Weight {2 Trucks):
Car Body RTR Welpght:
Vehicle RTR Welght:
Design Speed:

I*allian Fiat Eurofa
See Table 17

31000 1lbs.
66150 1bs.
97150 1bs.
125 to 155 .mph (200 to 250 kmh)

(14t)
(30t)
(44c)

TRUCK _UNSPRUNG MASS

Fiat Eurofa

Table 7

B Mass Dlameter
Lb-Secb/In In Conlcity Wheelbase Track Gauge
'(Kg-Sec2/Cm) (mm) N.D. In {(mm) In {mm)
[ ST
| heelset 8.6 36.2 1/40%-.3 102.4 56.5
(1.53)° (920) (2600) (1435)
otal Truck 1.2
Unsprung (3.06)
TRUCK SPRUNG MASS
Masg Radii of Gyration In. (mm)
Lb-Sec=/In TORR to Truck
(Kg-Sec2/Cm) Roll Pitch Yaw c.g.
Per Truck In (rm)
] # *
ruck Sprung 19.7* 36.9 29.3 47.3 15.7
- (3.52)% (937)% (7ul)* (3048)* (400)
Bolster NA NA NA NA NA
Truck and
Bolster NA NA NA NA NA
Sprung
Traction
Motor Unpowered
E.M. Brake 3.40
NI
(.61)
TRUCK SUSPENSION
Damping Spring Spacings In. {mn) Damper Spacings In (mm)
Stiffness Lb—See/Tn
Lb/In (Kg/Cm) Ks-Sec/Cm) Vertical Verticall
Per Truck Per Truck From TCRF Lateral Long, | From TORR|Lateral Long.
P 14000 53%-266% 79.1 | 102.4 79.1 | 122.0
R Vertical
) (2500) (9%-47%) NA (2010) | (2600) NA (2010) | (3100)
I
M 26000 29%_716% 17.7 70.1 18.1 70.1
Lateral
A (4650) (5%-128%) (450) NA (1780) (460) NA (1780)
R . 170260 73%-1831% 17.7 78.7 18.1 78.7
¥ Long.
(30400) (13%-327%) 1450) (2000) NA NA
(460) (2000)
s 667 to 4870|  yu3w 79.1 0. 105.1 0.
E Vertical
(833 to 870) (€1 )* NA (2010) NA (267¢)
c
1867 to 1931 31% to 2uv# 26.5 0. 26.5
Y Lateral 0
. {333 to 355)| (17% to 53)* (673) NA (673) NA
3
D 30&00n8.hx106“ chR_2raQok 26.5% 79.1 26,5 Vel
y : NA
Al Femesfsuzoraisaed  ak-sssoyei (e73) | (2010) TN R TVR B
R Stiffness Damping Frictional festralint
In~Lo/Rad ib=Cec-In in - Lb
¥ (Kp~Cr./Ran) ({g-3cc-Cm) (fig_~ Cm)
2.’
Roll /;féx{oﬁ)% A NA
vau A 1.6k atabx 1 x 105830 5 x 105¢
* s
e L A RS I PR VAP LY (S VI IR L L - SR ['EA L




Truck Type:
Car Body:
Truck Welght (2 Trucks):
Car Body RTR Welght:
Vehicle RTR Weight:
Deslgn Speed:

Itallan 21040
See Table 17
65150 1bs.
72765 1bs.
138915 1bs.
149 mph (24Q kmh)

(30.0t)
(33.0t)
(63.0t)

TRUCK UNSPRUNG MASS

% 1040

Table 8

Mags Diameter
Lb-Sec:/In In Conicity Wheelbase Track Gauge
(Kg-Sec=/Cn) {mm) N.D. In {(mm) In (mm)
12.8% 40, 118.1 6.5
Wheelset “ 3 17500, 3% E
(2.3%) {10k0) (3000) (1435)
ITotal Truck 25.7%
Unsprun;
prune (4.59)
TRUCK SPRUNG MASS
Mass Radil of Gyration In. (mm)
Lb-Sec</In TORR to Truck
(Kg-Sec2/Cm) Roll Pitch Yaw c.g.
Per Truck In (mm)
Fruck Sprung 28.5% 3h.9% 4o.9* 53.5% 31.5
-(5.10)% (886)* (1039)* (1359)* (800)
Bolster 4.0% 26.9% 13.3* 30.0% 11.0
(1.71)* (683)% (338)* (762)* (280)
ruck and 32.5% 34,74 39.2% 51, 2% 29.
Sprung (5.81)% (881)% (995)* (1301)* (137)
Traction 7.4 NI
Votor 4.89
E.M. Brake NA
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Damper Spacings In {(mm)
Stiffness Lb-Sec/In
Lb/In (Kg/Cm) (Kg-Sec/im) Vertical Vertical]
Per Truck fer Truck From TORF Lateral Long. | From TORF| Lateral Long.
P 11668 58*-327¢% 78.7 | 118.1 78.7 118.1
R Vertical 10¥ 5B
(2083) (10%-58*) NA (2000) | (3000) NA& (2000) | (3000)
I
Y
10.,-1. *_
M| Lateral 20'5?183*1 28] 103*-20400% 20.5 118.1 20.5 118.1
- * .
(3.7 x10¢-2.3 | (18*-3600%) (520) Nao | (3000) | (520) NA (3000)
A x107#)
R . onsiigl"l'zs 103-20%90% 20.5 78.7 20.5 78.7
ong. xooh
¥ 3'7;536“§ 3 ] (18%- 3600%) (520) | (2000) | Na (521) | (2000) NA
8 5136 n13# 81.1 16.9 $3.7 0.
E Vertical
(926) (74%) NA (2060) (430) NA (2380)
c
0 1750% 81% to 2y2¢% 21.7 39.4 12.9 18.9
Lateral
. (312)% (17% to 52%) (550) NA (1000) (481) NA (480)
b 33500%-9.3 71%-26600% 21.7 81.1 21.7 81.1
Long. 108" . 1A NA&
A 5080-1 721050y O +*-5780%) | (550) | (2060) (550) | (20£0)
R Sctiffness Damping Frictional Reatralnt -
In-Lb/Rad Lb-Sec~In In - Lb
¥ (Kg=Cm/Rad) | (Z;-3e2-Cm) (Kgp - Cm)
Roll HA LA HA
Yau 1A 1A 1:5 x 107 1o 7.5 x 100
(1.7 » 10°% o 8.6 x 102%
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Truck Type:
Car DBoily:
Truck Welght (2 Truchs):
Car Body RTR Walght:
Vehicle RIR Weight:
Deslgn Speed:

N

See Table

German MAN FT-403

17

R11¢J 1bs., (23.2t)
TOHG0 1bs.%(32th)
121720 1bs. (55.2t)
125 mph (20Q kmh)

TRUCK UNSPRUNQ MASS

ET L03

Table 9

Mags Dlanieter
. «Lb~-Sec</In In Conicity Wheelbase Track Gauge
(Kg-Sec2/Cm) (mm) N.D. In (mm) In (mm)
fheelset 11.4 41.3 1/60%- .30 102.4 56.5
(2.04) . (1050) (2600) (1435)
ITotal Truck 26.3
Unsprung (4.69)
TRUCK SPRUNG MASS
Mass Radii of Gyratlon In. (mm)
Lb-Sec2/In TORR to Truck
(Kg-Sec?/Cn) Roll Pitch Yaw c.g.
Per Truck In (mm)
. [ A 44 o% 2.3% 21.
Truck Sprung 39.9 347 52.3 3
(7.14) (881)* (1118)* (1318)#* (540)
Polster NA NA . Na NA NA
Truck and* .
Bolster NA NA Ra NA Na
Sprung
[Fraction Powered I -
Motor
) 34
E.M. Brake I
(.61%)
L r
s TRUCK SUSPENSION
Damping Spring Spacings In (mm) Damper Spacings In (mm)
Stiffness Lb~Sec/In
Lb/In (Kg/Cm} ( Kg~Sec/Cm) Vertical Vertical
Per Truck Per Truck From TORF Lateral Long. | From TORR) Lateral Long.
P .
42560 103%-1116% .
g | Vertical > 3 NA 78.7 102.4 A 78.7 88.6
) (7600) (18%-200%) (2000) | (2600) (2000) | (2250)
I
28008~ 302000 u2*-3470% 21. .
| %[ rLateral 3 NA 102.4 21.3 W | ozt
A (5000 - 54000) (7*-62%) (540) (2600) (550) (2600)
R’ i
26900~ 240000 u41%¥-3090% 21.3 78.7 21.3 78.7
v Long. . . NA NA
(4800 -53000) | (7T*-553%) (540) (2000) (540) (2000)
S
Lyoo% 250%
£ | Vertical 5 WA 78.7 . i 100.0 | 29.5
(786)% (45%) (2000) (2540) | (71507
c
3600% [115% ¢ EEL .
0 rateral ot o 3 3 NA o 3.1 A 0
N (6h3)* (25% to Th¥) (865) (865) :
[} 32400%-9, 0 69%-287Cn% 34.1 78.7 341 10"
Long. x1674
A (5780—].6106‘_ (12%-~5120%) (e€s) | (2000) [ MA «365) (?5hny | NA
x
R Stiffness Damplng rrictional Restraint
Y In-Lb/Rad Lb-8ec~In In - Lb
(Ke-Cm/Rad) (Kg~Sec~Cm) (Kg =~ Cm)
Roll HA NA NA
., L, 3
Yau A A 1.2 2 102% 1e 6 x 102%
(1.4 x 167% w0 7 x 70°2#)
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Truck Type:
Jar Body:
Truck Welpght (2 Trucks):
Car Body RTR Welght:
Vehicle RTR Welght:

3049 1bs,
6,181 1lbs.
92010 1bs.

Gerran Minden Deutz
See Table 1o

(13.8¢)
(28.2t)
(4>2,.01)

12% mph (200 kmh)

Minden Deutz

TRUCK SPRUNG MASS

Design Speed: Table 10
TRUCK UNSPRUNJ MASS
Mags Dianieter
,Lb-Sec;/In In Conicity Wheelbase Track Gauge
" (Xp-Sec</Cm) (mn) N.D. In (mm) in (mr)
Wheelset 9.7% 37.6 1/7kce-.3¢ 99. 56.5
(1.73)* - (950) (2500) (1 33)
Ifotal Truck 19.4%
Pnsprung
(R.Up)*

Mass Radil of Gyration In. (mm)
Lb-Sec</In TORR to Truc
(Kg-Sec2/Cm) Roll Pitch Yaw Y-
Per Truck In {(rm)
® ® *
[Fruck Sprung 13+ 35.1 38.2 51.9 30.9
(2.32)% (892)* (970)% (1318)* (765}
Bolster 3.4 ® 24.9% g.4* 26.9*% 12.2
(.61)* (632)* (239)* (683)* (310)
T k Q-
Bolster 16.4% 33.9% 35.1% u7.8% 27.0
Sprung (2.93)% (861)% (891)% (1215)*% (686)
ﬁgzgiicn Unpowered
E.M. Brake (3.4
(.61y% NI
TRUCK SUSPENSION
Damping Spring Spacings In ( Dax Spaci: I
Stiffness Lb~Sec/In & mn) anper Spacings In (mm)
Lb/In (Kg/Cm) (¥g-Sec/Cm} Verticall Vertical
Per Truck Per Truck From TORH Lateral Long. | From TORH Lateral Long.
P 14000% 52%-270% 79.2 98.4 93.9 98.4
R Vertical NA NA
t " (2500)% (9*-48%) (2000) |(2500) (2370) |(2500)
I
Yy
L.04 x10_%-6.5 17%-10300% 18.7 98.4
M Lateral A xlog i - 18.7 NA ag. 4
.G x107%-1.2 % * ;
A 9 1106* ;l (3#--1840%) (475) (2500) (475) (2500)
R 1.0/ 10”' 6. 9 18
! .04 x10.%-6.9  17#-10300% -7 79.2 18.7 79.2
¥ Long. x103* i NA NA
(1'9xi86;—1'2 (3%-1840%) (475) | (2000) (475) (2000)
x
S
g | Vertical 3500% 270% 79.2 15 94,3 0.
) NA NA
c (678)* (hg#) (2000) | (380) (2400)
o 1500% 70% to 210*% 25.6 0. 25.6
Lateral ) NA HA 0.
. (268)% (12.5%t0 37.5%)  (650) (650) '
D - .
\ Long. 286G0%-7.g Xed  61%-.4000% 30.2 97.1 NA 30.2 97.1 ia
(5106-1. 471007 y(11%-U500%) (767) | (2467) (767> (7467}
R Stiffness DampIng FrictIonul Festralnt -
Y In~-Lb/Rad Lb-Sec-In In - Lb
(Ky=Cr/Rzd) (Kg-Sec-Cn) (K¢ - Cm) ;
f
Roli Do # y
(oGt NA HA
y L9 x 107F Lo 4.5 x 105
av lik 1A a o ;
3 1. x 16%% Lo 5.2 x 105%)
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Truck Type:
Car Body:
Truck Welght (2 Truchs):
Car Body RiUR Weight:
Vehlcle RTR Welght:
Design Speed:

Japanese D200
See Tavle 1Y
44100 lbas. (20t)
74970 lba. (34t)
119070 lbs, (S4t)
125 mph (200 kmh)

TRUCK UNSPRUNG MASS

DT 200

Table

11

- 80

Mags Dianeter
. 'Lb-Sec</In In Conicity Wheelbase Track Gauge
(Kg-Sec2/cm) {mm) N.D. In (mm) In (mm)
Wheelset 3.0% 35.8 1740 '98.14 56.5
(1.61¢)" (910} (2500} (1435)
fotal Truck 2.8
[Unsprurg (4.07)
TRUCK SPRUNG MASS
Masg Radil of Gyration In., (mm)
Lb-Sec</In TORR to Truck
(Kg-Sec?2/Cm) Roll Pitch Yaw ¢.g.
Per Truck In (mn)
]
fruck Sprung 29% 33.1 34, 2% 51.8% 21.7
(5.18)* (993)* (869)*% (1316)* (550)
Bolster 5.2% 35.4% 5.9% 35.1% 39.7
(.93%) (899%) (150)* (892)* (10083
T k and -
Bg§§te:n 34.2 39.1% 32.2% 49.6% 24 .4
Sprung (6.11) (993) (818)* (1260)* (.96°
IT" ticr
Mzigr i Powered %  From avallable sources unclear
if mass included in truck sprung
E.M. Erake NA
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Damper Spacings In (mm)
| Stiffness Lb—Sec/In
Lb/In (Kg/Cm} Xg-Sec/Cm) Verticall Vertical] -
Per Truck Per Truck From TORR Lateral Long.. | From TORR| Lateral Long.
P 28000 qy8 82.7 98.4 100.4 98.4
R Vertical NA NA
(5000} (86) (2100); (2500) . (2550) (2500)
I
" 168200-2240001 96¥-2768* 17.7 98.4 17.7 98.4
Lateral NA NA
N (30000-40000) | (17*-49kL¥) (450) (2500) | (u50) (2500)
R 336000-448000 | 136%-3914% 17.7 98.14 17.7 98.4
¥ Long. NA NA
(60000-80000) | (24*- 699%) (459) (2500) (450) (2500)
5 4480 227 98.4 0. 98.4 0.
E Vertical NA MNA
(800) (49.5) (2500) (2500)
o
0 4032 560 41.3 0. 41.3 23.€
lLateral NA HA
N (720) (100) (1050) (1050) (600)
I3
D . |3%500-9.6x107F  73%-30500% 22.0 14,2 22.0 114,72
Long. | (6160%-1. NA NA
A B 1000817 6} (a3%-suoom) | (se0) | (2900) (560) | (29¢0)
R Stitrnes:z Damping Frictional Restraint
In-Lb/Rad ILb-Sec~In In - Lb
b4 (Kp-Cm/Rad) | (Kg-~Sec-Cm) (Kg ~_Cm)
Koll HA HA NA
1.0 x J09% Lo, 6 x 10O
Yauw HA i ' :
: (LU x 107% 4o 6.9 x 107K |




Truek Tyepe:
car Rody:
Tuchs Vs

Car Body RIE Welght
Vehicle RTR Welght:
Destign Speed:

Truck Welpht (2O

Canadlan
See Table

29200 lds.
oC+00 lbs.
ibs.

81000
125 mph (

e

LRC Dorfasco

200 kmh)

LRC

Table 12

TRUCK UNSPRUNG MASS

Mags Dlaneter -
Lb-Sec¢Z/In In Conicity Wheelbase Track Gauge
(Xg-Secc/Cm) (mm) N.D. In (mm) In (mm)
[Wheelset 5.6 30. 1740 - 1/5 97 50.5
(1.18) {(762) (2%4) {1435)
Total Truck 13.2
Unsprung (2.36)
TRUCK SPRUNG MASS
Hasi Radii of Gyratiom In. (mm)
Lb-Sec</In TORR to TrucH
(Xg-Sec2/Cm) Roll Pitch Yaw C.E.
Per Truck In (mm)
Truck Sprung 5.0 21.6 31 36.25 17.9
(549) (787) (921) (455)
(3.39)
Bolster 5.74, . 35 14.5 37.2 28.9
(1.02) (889) (368) (945) (734)
Mruck d
oloten 214,78 25.8 28.4 36.5 20.5
Sprung (b.41) (655} (721) (927) (521
Traction
Motor Unpowared
E.M. v
Sraoke N&
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Damper Spacings In (mm)
Stiffness Q%—SEC/IE
Lb/In (Kg/Ci g-5&c/Cm) Vertica Vertical
Per Truck Per Truck From TORR Lateral]!. ILong. | From TORR| Lateral Long.
P
., 4.0 97 NA 33 ST
17000 200 NA
g | Verticall (3435 (36) 1118 (2u64) (838) | (2u64)
I
M Lateral 34000 73-146 16 Na 97 16 NA 97
A (6071) (13-26) (406) (2464) (406) ©\2464)
R R
Long 230000 191-382 16 44,0 NA 1 by NA
¥ (41066) (34-68) (406) 1118 (406) (1118)
S
E Vertical 2068 250 NA 88 0. NA 88 39
(369) (45) . (2235) (2235) | (991)
c
o Lateral 1500 200 26-31 NA 0-355 28 NA 50
) (268) (36) (660-787) (0-502) (711) (1270)
D 30000 1125 26-31 0-64 NA 12.4 92 NA
A Long- | (5356) (201) (650-787) (0-1626 (314) (2337
R Stitfress DampIny Frictional Restraint
In~Lb/Rad Lh-Sec-In In-Lb
Y (Kg-Cm/FKad) (Kp-tec=Cm) (Ke-Cm)
Til
138000
Yaw NA NA (159000)




Truck Type:
car Body:
Truck Weipght (2 Trucks):
Car Body RTR Welght:
Vehicle RTR Weight:
DPesign Speed:

Enpglish R110
See Table 17

JHATR 1bs. (11.6t)
47187 1ba. (1.4t) "
72765 1bs. (33r)

125 mph (“Oﬂkmh')

TRUCK _UNSPRUNG MASS

BT 10

Table 13

) Mags “Diameter

Lb-Sec$/In In Conicity wheelbase Track Gauge

(Kz-Sec“/Cm) (mm) N.D. In _(mm) In (mm)

* 3 \ 3
AhaaTast 6.8 36.0 T 102.4 56 . %
(1.22)% (914) (2600) (1435)

Total Truck 13.7¢
KInsprung (2.45)%

TRUCK SPRUNG MASS

r-'.asg Radii of Gyration In. (mx)
Lb-Sec</In TORR to TrucH
(Kg-Sec?/Cm) Roll Pitch Yaw c.g.
Per Truck In_(mm)
IR — 13.7% 35.9% 37.6% 52.0% 30.7
(2.45)* (912)* (955)* (1321)*% (780)
bolster 5.7¢% 30.7% 111% 32.7% 13,
(1.02)% (780)% (282)% (831)% (330)
Truck and * ¥
L olatery 19.4 35.4 33.2% 37:1% 25.5
pPrung (3.47)% (899)* (843)* (1197)*
T ti
42321‘ on Unpowered
E.M. Brake NA
B!
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Damper Spacings In (mm)
Stiffness Lb-Sec/In
Lb/In (Xg/Cm) (Kg-Sec /Cm) Vertical Verticall
Per Truck Per Truck From TORF| Lateral Long. | From TORR| Lateral Long.
E 23000% 565467 80 102.4 80 102.4
Vertical NA NA
B (4107)% (10%-83%) (2032) | (2600) (20320 | (2600;
I
12250-7.7%106%| 15%_12200% 18 102.4 18 102.4
M1 Lateral p NA NA
e 2187-1.4x100%) (3*%-2180%) (457) {2600) (458) (2600)
R 12250-7.7x106% 19%-12200% 18 8a 18 80
Long. | 6 %_ NA NA
2187-1.5x10°%] (3%-21808) wsn) | (2032) (458)  [(2032)
S
000% T5% 8.0 0. .6 22.4
g | Vertical 4 ke NA ' NA i
(536)% (31%) (1982) (2530) (570)
c
900 * L7%_ * 24.8 0. 24.8 27
O 1 rateral L NA NA
N (161)% (8%-05%) (630) (€30) (685)
D 21700-6,0x1664  16¥_19100% 18 78 18 78
s s Yo i HA NA
A Long- Y4gy0-1.1x106%) (a%.. yhoow) (457) | (1982) ‘ tue gy, |i1982)
R Stiffness Damping Fricticnal Restraint :
o In~Lb/Rad 1b-Sec~In In - Lb
& (Kg-Crs/Rad) (Kg=See=Cm) (Kg - Ci)
Roll MA NA NA
- o 5 " = (™
i Yaw MA KA <% }'Or' ke FeJ 2 3” y
& I . A (.6 x 100% l(:l“"_-' ¥ 10 '




Truck Ty

Car Body:
Truck welght (2 Trucks):
Car Body RTR Welpght:
Vehicle RTR Welght:
Design Speed:

pe:
See Table

701 1

Russian KR
57330 1bs,

127486 1w,
125 mph (J0Q Kmh)

200
17

(2ot)
«. (31.8¢)
(57.8t)

TRUCK UNSPRUNG MASS

ER 200

Table 14

83 -

— 4

Mags Dlemezer
-Lb-Sec</In In Conicity Wheelbase Track Gauge
(Kg-Secz/Cm) {mm) N.D. In (mm) In (mm
Wheelset 9.7* 37.4 17408~ .30 98.4 60.0
(1.73)% (950) (2500) (1324)
[fotal Truck 22.8%
Unsprung ° (4.08)®
TRUCK SPRUNG MASS
Mas Radii of Gyration In. (mm)
Lb-Sec</in TORR to Truck
(Kg-Sec2/Cm) Roll Pitch Yaw c.g.
Per Truck In (rm)
® L ] #*
Truck Sprung 42.6% 38.4 36.9 52.9 19.7
(7.43)% (975)* (937)* (1344)* (500)
Bolster 5.2% 28.5% 4. 9% 28 . 7% 36.3
(.93)% (724)¢ (124)% (729)* (922)
Truck and
Bolster 47.8*% 37.8% 35.8% 50.8% 21.5
Sprung (8.53)% (960)* *8oL)¥ (1290)* (586)
MTraction Powered I
wotor
E.M. Brake 3.6y
(.6uy#
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Damper Spacings In (mm)
Stiffness Lb—=Sec/Tn
Lb/In (Kg/Cm) (Ke-Sec/cp) Vertical Vertical
Per Truck Per Truck From TORH Lateral Long. | From TORR| Lateral Long.
P 31000 109%-guL¥ 82.7 98.4 95.3 98.4
Vertical NA NA i
R : (5535) (19%-169%) (2100) | (2500) (2420) | (2500)
t 3.2x10%-2x107k  51%-32000%
B pateranl . 18.7 " 98.4 18.7 98.4
5. -3. 5. % NA
A 5 7;135*? 6 (9%-5700%) (475) (2500) | (u4715) (2500)
R 4 ~al . ! 8 8
, 3.2x107-2x10"F 51%-32000% 18.7 2.7 18.7 82.7 .
v Long. 3 . NA NA
(5.7x202-3.6 | (9%-5700%) (475) | (2100) (475) | (2100)
x10°¥)
s
g vertical £850 b3er NA 82.7 0. 1A 117.3 0.
c (ichs)’ (77%) (2100) (2980)
o 3200% LusH_l3Ek 37.4% 0. 36.2% 19.7
Lateral N
n| Genn (26%-768) (950)*% A (9z0)% NA (300)
b . 5866616310 | 124%-51800% 24,6 108.1. L6 108.1
ong. | . _ D NA HA
4 (20500 562“) (22.1-9200%) | (625) | (2746) ey leerus
b4
R Stiffnees Damping Frictional Restraint
In-Lb/Rad Lb~Sec~In In - Lb
Y (Ki-Cm/Rad) (hg-8er-Cm) (K - Cm)
Roll HA NA HA
1737%100% a0, Ty 105%
Yau LiA HA . .
) 2.1 x 102% to 10,4 x 102%)




Truck Type:
Car Body:
Truck Weilght (2 Trucks):
Car Body RTR Welght:
Vehicle RTR Welght:
Design Speed:

P-111

See Table
STHCC b,
TOORY (34,
104370 1bs,

17
(1o.u1)

9}
(47.312

120 mph (193 kmh}

TRUCK UNSPRUNG MASS

P

IIT

Tabie 15

Mags Diameter
Lb~-Secs/In In Conilcity Wheelbase Track 3lauge
(!(a_—Soc2/Cm) (mm) N.D. In (mm) In {(mm)
heelset 8.9 36. L/20 102, 56.5
(1.6) (914) (2591) (1435)
Total Truck 17.8
nsprung (3.2)

TRUCK SPRUNG MASS
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Masg Radii of Gyration In. (mn
Lb-Secl/In TORR to Truck
(Xg-Sec?/Cm) Roll Pitch Yaw c.g.
Per Truck In _(mm)
. . 18.6
'ruck Sprung 9.8 3.5 19.1 38.1
Q.7 (800) (485) (968) (472}
. . .4 26.
Bolster 1.9 37.2 8.7 3 3
(1.4) (945) (221) (950) (668)
Truck and ! . .8 22.2
Bolster 7.7 38.4 . 15.8 3
Sprung (3.2) (873) (402) (960) (564)
raction
Fotox‘ Unpowered
E.M. Brake NA
TRUCK SUSPENSION
. Damping Spring Spacings In (mm) Damper Spacings In (mm)
Stiffness Lb—Sec/In
Lb/In (Kg/Cm) (Kg-SecyCm) Verticall Vertical
Per Truck Per Truck From TORH Lateral Long. | From TORR| Lateral Long.
P 645000 357% to 1000% 46. 102. 16 102
R Vertical . NA NA :
| (115164) (77% to 216%) (1168) | (2591) {1168) | (2591)
I
4100000. . 340%*-8500% 18 102. 18. 102
M1 rateral ) NA 7
A (732051) (61%-1520%) (457) (2591) (457) (2591)
R . 1180000. 183*%-4570% 18. 46, 18 46
ong. | . NA NA
¥ (210638) (33*-#16%) (as7) | (1168) 57y | (1:68)
8 3700 210 90, 0. e7. 0.
E" Vertical NA NA
(661) (43) (2286) (2210)
C
o 4000 200 40. 0. 29. 0.
Lateral NA NA
. (714) (36) (1016) (137)
b 25000 78 20. 108, 20. 108,
N Long. ) NA NA
(hhoh) (1) (508) (2743) (£08) (27k3)
R SUiffness Damping Frictional Restraint
v In-Lb/Pad Lb-Sec-Tn In - Lb
e (Kp~Sec-Ch) (K = Cm)
Roll HA NA 1A A
Yaw HA HA -9 % 107
e (1 % 1072)




Truek Type:
Car Rody:

Truck Welght (2 Trucks):
Car Body RTR Welght:
Vehicle RTR Weight:
Design Speed:

081 Metroliner
See Tuable 17
byled 1bs. (21.4¢)
106008 1bs (47.7L)
150451 1bs (69, 1t)
100 mph (258 kmh)

TRUCK UNSPRUNG MASS

Metroliner

Table 16

Mags Diareter
Lb-Sec%/In In Conicity Wheelbase Track Gauge
(Kg-Sec‘?/Cm) (rm) N.D. In (mm) In_(mm)
Wheclset 12.5 36. 1720 102 56.5
(2.23) (914) (2501) (1435)
[Total Truck 29.1
Unsprung (5.20)
TRUCK SPRUNG MASS
Hass Radil of Gyration In. (mm)
Lb-Secs/In TORR to TrucK
(Kg~Sea2/Cm) Roll Pitch Yaw c.g.
Per Truck In (mm)
Truck Sprung 25.2 | 24.6 31.2 37.5 20.3
(4.50) (625) (792) (953) (51¢€)
Bolster . 6.9 37.2 8.7 37.4 27.6
(1.23) (943) (221) (950) (701)
Truck and
Bolsten 32.1 fggg) 28.1 37-5 21.9
Sprung (5.73) (714) (953) (556)
Traction 10.8
fotor (1.93)
E.M. Brake NA
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Damper Spacings In (mm)
Stiffness Lb-Sec/In
Ib/In (Kg/Cm) (Kg-Sec ,m} Vertical | vertical
Per Truck Per Truck From TORR Lateral Long. | From TORR Lateral Long.
P 169000 260 79 T 57.5 79 102
Vertical NA NA
R | TSR (1ong) (46.5 ) t2007) | (1461) (2007) | (2591)
1
“ 55800 260 18 57.5 18 102
¥ Lateral NA NA
R (5563) 46.u) (457} (1861) (457) (2591)
R 55800 260 18 79 18 79
v Long. MA NA
(99633 (46.4) 4s7) (2007) (as7) | (2007
5 77480 115 -92 99
Vertical NA . 0
E (1382) (20.5) (e337) | = © AR e )
c
3356 173 39 . 37
° Lateral NA 0 NA 0
. (605) (30.9) (991) (940)
D . 96660 21 108 21 108
Long. ' . 78 : NA NA
A (17259) (13.9) (53%) (2743) (533) (2143)
R Stiffness TampIng Frictional Rentreint
In-Lb/Rad Lb~8ec~In In-Lb
Y (Ky-Ce/Rad) (Yg-Sec-Cm (kp=Cm)
Roll NA He HA
‘ 1.7x10°-8,5x10° 7
Yaw WA NA , 7x10 ES 5x10 . J
e e [ L Luafa o gy
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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 tabhle to enable comparisons to bhe
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.

The following two pages show the tabulated car body
data.
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Table 17

CAR BODY PARAMETERS

Dimensions In. (mm)

Czr
M?;Z_ézzgigngn Radii of Gyration In{mm)| Longitudinal Lateral Vertical giiZt'

Car Truck . Car Truck Car TORR To TORR -Car gi:iigié
Type Type RTR Seated Crush Roll Pitch Yaw Length Spacing Width Floor To Cg.| Height Freq.Hz.
French 1181.6 210.7% 239.8% 63% 306# 306 . 1039.4 T748.0 111.2 42 -81.5* 118.4 8.5
A9y -3 (32.8) | (37.6)% | (n2.8%) |(1600)*% |(7772)* |(7772)*% | (26400) [(19000) | (2825) | (1067) | (2069)%§ (2990)
Eurofina | FIAT 171.2 200% T 228.8% 63# 3064 306% 1039.4 748.0 111.6 2.5 81.5% 116.9 8.5
A6 lEurora | (30.6) | (35.7)% | (uo.8%) [(2600)% [(7772)% [(7772)* | (26400) [(29000) | (2835) | (1080) | (2069)% (2970)
French 216.8 239.8% 262.8% 63*% 293% | 335% 1003.9 712.6 | 111.4 41.7 80.9% | 117.7 10%
a8ty Y-28 (38.7) (42.8)% (46.9%) [(1600)* [(7442)%* }(8509)* | (25500) | (18100) (2830) (1060) (2056)% (2990)

Japan 194.0 222.3% 250.6% 68% 284» 284% 984.3 689.0 133.1 39.4 78.8% 118.1 6.1
NTL pr200 (34.6) | (39.7)% | (hu.8*) }(1727)* [(7214)% [(7214)% [ (25000) | (17500) |(3380) (1000) | (2001)4 (3000)

F;ggch 1224 169.5 1981.1#% 226.7% 63 296% | 296 1004.3 651.2 | 115.4 41.3 55.1 102.4 10
freiler (30.3) | (35.4)#% | (40.5¥%) [(1600)* [(7520)% j(7520) | (25510) | (16540) |(2930) (1050) | (1t00)| (2600)

German 183 * 205.5% 228% 61% 312% 312% 1069.3 748.0 110.0 51.1 89.1% 114. 9

ET k03 . (32.6)% [ (36.7)% | (40.8%) | (1549)% |(7925)% [(7925) | (27160) | (19000) |(2795) [ (1300) | (2263)4 (2900)

Italian 2 1000 188.3 211.1 216.9% 59.5% 314% _31U*A 1078.7 71.6.5 113.0 42.3 77.6% 105.9 10*
ALE 601 (33.6) (37.7) (38.7%) | (1511)* |(7976)* |[(7976)* | (27400) | (18200) | (2870) (1075) | (1971)4 (2690)
T y-225 108 1347 | 16LB* | 59 x 203.%#| 203.% | 720.5 720.5 | 110.7 39.4 T0.9% 1 945y o
Trailer | (19.46) | (24.05)% | (28-6%) [ (1ugg)w |(5156)% [(5156)* | (18300) | (18300) | (2814) | (1000) | (1801)9 (2u00)
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Table 17, Continued

CAR BODY PARAMETERS

Dimensions In. (mm)
Car
Mass Lb~Sec2/In . Body
(Kg-Secz/Cm) Radii of Gyration In{mm)| Longitudinal Lateral Vertical irst
Vertical
Car Truck Car Truck Car TORR To TORR Car Flexible
Type Type RTR Seated Crush Roll Pitch Yaw Length Spacing width Floor To Cg.| Height Freq.Hz.
French 256.8 302.4% 348 . 63% 323% 323% 1102. 4 685.0 112.2 42.3 81.7% 118.1
Y-226 ' €r-10
Z 7001 (45.9) | (54.0)% (62.1%) | (1600)* | (B8204)* |(8204)* | (28000) | (17400) | (2850), |(1075) |(2075)*|(3000) !
Canadian 156.3 196.1% 235.9% 55# 294% 294# 1020.0 714 125 L2 5% 99 3
Dofascd . 9.2
LRC (27.9)| (35.0) (u2.,1%) | (1397)* | (7468)%|{(7468)*| (25908) | (18136) | (3175) (1067) (1905) | (2515)
English 122.1 155, 2% 188.3% 51% 268% 268# 905.5 630. 103.1 40.9 78% 112.1
HST BT 10 . : 10.
Mark ILI . (21.8) (27.7)*% (33.6%) [ (1295)" [ (680T7)*((6807)%| (23000)} (26000) | (2620) (1040) (1981) %] (2848)
Russian 181.5 218.1 258 . T* 6un 298# 298# 1023.6 ho.2 121.3 48.8 86.6% 113.4 8.3
ER 200 (32.4) (38.9) (45.4%) | (1626)% | (7569)%) (7569)*}) (26000) | (18800) ] (3080) (1240) (2200)*| (2880) )
Germén Minden| 160.9 | 195.2% 229.5¥ 61% 303* 303% 1039.4 748. 115.2- 9.4 86.1¥ T 110 B.75 ®
¥ainline} Deutz
Coach (28.7)| (34.9)% (UL.1%) ] (1549)% | (7696)%] (7696)%{ (26400) | (19000) | (2925) (1256) (2186) % (2794) 10
199.1 238.3 277.4 62% 298% 298# 1024, 714, 126. 52.8 75.3 101 7.5
Amcoach | P-III
(35.5)} (42.9) (49.5) (1575)% | (7569)%] (7569)%) (26010)| (18136) | (3200) (1341) (1913) | (2565)
Metro- | GSI 272.3 | 307.7 343.1 45 299 297 1020 714 126 50.75 62.4 )} 161 6.8 to
liner (48.6)] (48.6) (61.3) | (1143) | (7595) | (7544) | (25908) |(18136) | (18136)| (1289) { (1585) | (2565) 7.5

Metroliner Mass

.

Excludes Transformer - 32.0

(5.7)




INFLUENCE OF TRUCK SUSPENSION PARAMETER
VARIATIONS ON RAILCAR DYNAMIC RESPONSE

The influence of truck suspension on vehicle dynamilc
response is characterized by the changes in natural fre-
gquencies and associated modal dampings of the vehicle
dynamic system associated with changes in the truck sus-
pension 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 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-of-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) A1l 1% cars have the two lowest resonant fréquencies
in response to roll and/or lateral wheelset inputs
well approximated by the response of the two 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 frequenciles 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%
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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 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 frequenciles 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.

A1l 15 truck suspensions have some vertical damping in
both the primary and secondary suspensions. For trucks where
data is avallable, the modal damping at the car bounce fre-
quency 1is 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 i1f 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 _ ¢ ( ks 2 4+ O (_L._k °
Damping - p kp ks) kKp_+ ks
2m  Wm
Where Cp = Vertical damping in primary suspension,
1lb sec
in
Cs = Vertical damping in secondary suspension,
1b sec
in
k . . . . .
o} = - Vertical stiffness in primary suspension,
1b
in
ks = Vertical stiffness in secondary suspension,
" 1b
In
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m = Mass of 1/2 the Car Body, 1lb sec a
in
W
m = 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 i1s 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 dynamic
response.

Several important low resonant responses above 2 Hz are
associlated with the truck mass between primary and secondary
springs 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 15
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 behavier “s not signifiecant 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
coupled to the truck bounce freguency. The Italian Z1040 has
a ratio greater than 2.0. TFor two vehicles the car frequency
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was unknown. The AMCOACH and Metroliner have truck tounce
frequencies of about 26 Hs, and car body free beam resonances
of about 7 Hg and 10 Hg, respectively, which is in the range
of the other 13 car bodies. The relatively high ftruck bounce
frequencies distinguish these vehicles from the other 13.

The Metroliner has a power transformer equal to atocut 10%
of the car body weight sprung under the center of the car at
about 4.5 Hz, 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 :iiode.
For most of the trucks described, the primary vertical damping
is not specified. It should be selected to supplement the
secondary in sufficiently damping the truck bounce mode while
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 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. 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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RECOMMENL-ATIONS

It is recommended that tests be performed on any or all
of the high speed trucks included 1n thils 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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