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INTRODUCTION
Background

TSC is supporting the Federal Raillroad Administration's
improved passenger service program by providing engineering
data to support the development of truck design specifica-
tions for use 1n high speed passenger service. A part of
this includes analysis of the sensitivity of vehicle per-
formance characteristics to vehilcle 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 raill 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.



— A description of car body types in curreﬂt use or
proposed for U.S3. passenger service,

- Tabulation of the mass and stiffness properties of
the above car bodies,

1.3 Plan
The plan was divided into the following parts:
(A) Literature search for passenger trucks
(B) Truck Description and Illustration
(C) Truck Data Tabulation
(D) Car Data Collection
1.3.1 Literature Search for Passenger Trucks

X 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 1list of passenger trucks which are in use or pro-~
posed for use in U.S. rail passenger service as possible.

When 1t became apparent that complete physical descrip-
tions could be provided for only a few of the passenger
trucks, the Technical Monitor desighated 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.

1.3.2 . Truck Data Description and Illustration

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

1.3.3 Truck Data Tabulation

This section includes a major portion of the work per-
formed on this contract; i.e., analysis of the information
available to obtain detailed dynamic data. Several engineer-
ing articles for each high speed truck were studled before
attempting a data tabulation. Several iterations were made
to achieve an appropriate engineering format. Tables of truck
information were primarily based on the raw data and engineer-

—2—
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ing estimates were made where data was incomplete or unavail-
able. These estimates are denoted by an asterisk in the table.
Estimates were made based on The Budd Company's experience in
the railcar industry and should be treated as engineering ap-.

proximations.

1.3.4 Car Data Collection

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

purposes.



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 .



PASSENGER TRUCK 1EST

TRUCK OR

COUNTRY VEHICLE |TRUCK BUILDER|POWERED]Sons DATAI ™~ gysrem ysmp on APPLICATION
DESIGNATION A . Transit{ Mainline| Commuter
FRANCE Y20 SNCF No Yes _ |Mistral Sud Express X
A Paris-Nice Run
Y20D ¥ No Car A9 Mistral
Y22 " No
‘ Y24 " No Yes Paris-Hendays Sud Express X
Y24A1 " No TEE Paris-Brussels Amster]-
Yauc " No dam CAPITOLE Paris-Tonlouse
. Y26 " No - New carriages for Mistrall X
: SNCF Rest. Cars Paris-Rulr
Y26C " No ' n
Y26P " No Yes Rest. Cars of Mistral X
' Train
Y28 " " .No Yes ~ |SNCF Home Service Carri- X
ages, TEE Trains
Y28B " . 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-Carrier Vehicles
‘ Y30P " No Yes  |pouble Decker Suburban X
- Coaches-
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PASSENGER TRUCK LIST

TRUCK OR

APPLICATION

COUNTRY VEHICLE |TRUCK BUILDER|POWERED|Sun= SoTR| . SYSTEM USED ON »

:  DESIGNATION Transitl Mainline| Commuter

Y32 SNCF No Yes First Class Coach A9U TEE X
and. Second Class B11U
. Y324 " No Yes “TEE A9U Coach European.
: . Standard Coach

Y3241 " No Yes :
Y32A2 " No Yes o i
Y32B " No ‘| B11U Coach -~ TEE
Y32B1 " No Yes N
Y32B2 " "No Yes
Y32E " No
Y187 " No
Y205 " No

: Y207 " No Yes
Y207A " No
Y207B n No

. Y207B2 " No Yes
Y207B3 " No
Y208 "
Y214 " No
Y223 - " Yes Yes Parls-Caen-Cherbourg Ling X

RTG Turbine Train
Y22u " No Yes RTG_Turbine Train - X
~ Y225 " Yes Yes | TGV~.001 Turbine Train X

Y226 " Yes Yes 17-7001 '
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PASSENGER TRUCK LIST

TRUCK OR

APPLICATION

COUNTRY | VEHICLE |TRUCK BUILDER|POWERED|yupe PATE| . SYSTEM USED ON . A
DESIGNATION i Transiti Mainline| Commuter
Y226a : No Z-7001
MF67C3 mono- MTE Yes Yes Parls Metro . X
métor Bogle
Eurofa - SNCF Yes Yes . Standard Passenger Coachgs’
. -
- GERMANY M5 Klochner-Ham- Yes | First twenty T2 Cars X
! boldt—beutg - '
(Minden Dentz)
M6 " Yes
M6-2B " Yes Carel Alr Conditioned T2
' Cars Carel Foucheé X
" M6-1C " T2 & Sleeping Cars X
MBS0 " ' ,
ETH20 M.A.N Yes
ET403 S Yes _Yes ‘ High Speed German Inter- X
' City Network °
VT61l " Yes,No
ET472/474 MBB Linke- Yes Yes Hamburg
’ Hofmann-Busch -
- DT1 o " Yes Hamburg Metro .
DT2 " Yes Yes | Hamburg Metro .
DT3 " { Yes Yes Hamburg Metro ¥
DuWag U-2 DuWag es, No Yes Frankfurt Subway'



PASSENGER TRUCK LIST

3

TRUCK OR .-

- 7/

COUNTRY . | VEHICLE |TRUCK BUILDER|POWERED| sonzyoniz| .. SYSTEM USED ON APPLICATION
. , DESIGNATION ) ’ Transiti Mainline{ Commuter
ﬁnncben_xassel_mgpmhnn Ves, No TEE farsifalearis-Buhr

WTR=AQg " - :

S—WTR-69-1 " No

S-WTR=69=1 " Yes

JAPAN F3308 ~ Sumitomo Métgl No Yes Tobin R.R. Co,, Itd.

F3387 " Yes Yes " " )

_FS302 " Yes Yes | Keihan Electric Railwa$®]
PS337B " No Yes v,

F8330 " Yes Yes Odakyu Electric Rallways
FS360 " Yes Yes ' "o

) FS326 " “Yes Yes |Nagoya Railroad Co.

FS3354 " Yes Yes oo |
FS329A " Yes. Yes Kaisal Electric Rallway (o
FS329B w Yes Yes "

" FS323 " Yes Yes Teito Rapild Transit Auth
FS358 w Yes Yes "

TS101 Tokyu Car Mfg. Yes

TS105 " Yes

- TS301 " Yes

TS302 " Yes

T3303 " Yes

73501 u Yes
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PASSENGER TRUCR LEST

| GOUNTRY | VENioLE |TRUCK BUILDER|PoWmRED SOME DATA| " SYSTEM USED ON . APPLICATION
DESIGNATION : . Transit Mainline! Commuteér
DT23 Yes
KS50 Kisha Selzo Kcilhan Electric Rallway
TR55 Kaisha )
TR58 - Yes .
KS51 Kisha Selzo
' Kalsha
KH15 Hitachl Odakyu Railways
Xs53 ' ' 5
FS207 Sumitomo Metal Yes Hanshin Electric Ralway
KS55 .[Kisha Seizo Keihan Electric Railway
. {aisha .
S337C . |Sumitomo Metal Yes Kcihan Electric Rallway
] (Osaka)
DT92 A _ ,
DT9001 - |Nippon Sharyo Yes New Tokaido Line X
Selza ,
DT9002 * |Kisha Seizo Yes New Tokaldo Line X
Kaisha '
DT9003 Kinki- Sharyo Yes New Tokaido Line X
DT9004  [Sumitomo Metall Yes New Tokalda Line X
DT200 Yes New Tokaildo Lilne X
-DT9005 Kawasakl Roll-: Yes New Tokaldo Line X
ing Stock ’
DT9006 |Hitachi Yes | New Tokaido Line - .- . X .
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PASSENGER TRUCK LIST

TRUCK OR

. COUNTRY - | VEKICLE |TRUCK BUILDER|POWERED|aypeyoiis| . SYSTEM USED ON APPLICATION
DESIGNATION ) Transifi Mainline| Commuter
. SWITZERLAND | BE4/6 Schindler Yes, Nol Yes Suburbs and Basell
' CEF B4 " -
Y289 “Schlicren
CFFAH1258 "
‘M2 2e "
LaBrugerizd " Yes
Be 8/8 " Yes Yes
CFFA"1255 SIG Yes Yes
TEE SIG
B 4/8 SIG . [tes, No YES
CFF 1 re SIG
ITALY 7170 Flat
Y0160 Fiat Yes Systems to Speeds of
"7 |.250 xm/hr
71 Fiat Yes Stock operatlng at speed
to 200 km/hr ]
7196 : Flat Yes Stock operating at ‘speedf
to 140 km/hr
27A FS
Eurota Bogis Flat Yes European Standard Coachesj
Breda Yes '

Breda Bogle
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PASSENGER TRUCK LIST

o TRUCK OR " lsome pamal 7 - e o APPLICATION
. COUNTRY VEHICLE |(TRUCK BUILDER POWERED'AVAIUABLE .. SYSTEM USED ON
. DESIGNATION Transit{ Mainline| Commuter
SWEDEN c1 ASEA Yes
' ’ c2 N Yes
C3 " No
ch " Yes
€5 H and S Orn-_ Yes
skoldsvik
cé Linkoping Yes
c7 "ASEA Yes _
c8 " *Yes Yes Stockholm Metro X
CQ " '
';ENGLAND BR Bl British Bail Mark IT Coaches X
: | BR Type II " L
BP 8 Yes Yes, .
BT 10 High Speed Trailn London- X
Bristol/South Wales
APT Yes, No .Yes X
APT-E Yes, No Yes _ X
C-69 Metro Cammell [Yes, No Yes London Transport Executive
-BR BT 5 British Rail Mark III Coaches X
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PASSENGER TRUCK LIST

APPLICATION

‘ TRUCK OR | ' SOME DATA| " - oy o
COUNTRY VEHICLE |TRUCK BUILDER|POWERED AVAILABLE .. SYSTEM USED ON -
‘ DESIGNATION T Transiy Mainline| Commuter
USA Piom;er Z;III Budd. Company ' No Yes It .Wf Railear 3880 {(Prototype )X X
' " . No Yes | SOREFAME - N '
K " Yes Yes _ [ CTA Test Truck (Prototyie)
" " No Yes RDC Demo Car ‘ X ).
" " Yes _Yes _|P.R.R.
" " No Yes Sorocabana X
" " Yes Yes SEPTA X
" " Yes Yes |BARTD Test Z-401 (Experirlental) ’
" " Yes Yes |NYCTA (U car Sets) X
" " Yes Yes L. Test Cars X
" " Yes Yes GT 1 and GT 2 i} X
" " Yes Yes DRPA (Lindenw 1d) X
- " " Yes Yes CTA . X
" " Yes Yes MTA ) X
" " No Yes L.I.M. Vehicle {(Experimerital)
" " 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
" v Yes Yes Boston MTA tunnél -
. " " Yes Yes Boston MTA elevated
" " Yes Yes Hudson and Manhattan
n " Yes Yes Chicago CTA ’ X
Inboard Bearfing " Yes New York City MTA :

Yes
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PASSENGER TRUCK LIST

S TRUCK OR SOME DATA| . "o . APPLICATION
COUNTRY VEHICLE |TRUCK BUILDER|POWERED AVATLABLE .. SYSTEM USED ON . : .
DESIGNATION : Transiyl Mainline| Commuter -
General 70-d General Steel Yes - .Yes IMTH.EA—? Cars X
Industries RS
Lt.Wt.Cast " Yes Yes SOAC X
Alloy '
Cast Steel |GSI & Buckeye Yes Yes New York City MTA X X
" ) " Yes Yes New York City MTA - New X X
" ' Haven M-2
" " Yes Yes | SEPTA NJ DOT Silverlindid X X
General 70 GSI Yes Yes Boston (MBTA) ‘ X
M " 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-U6 X
EPT-3 Rockwell-LFM Yes Yes BARTD X
(HPT-H Rockwell Yes Yes Washington Metro X
MPT-2 - LFM~Rockwell Yes Yes Cleveland X
- Wegmann Yes Yes CTA . . X
- Tokyn Car Yes, No Yes MBTA, SLRV San Franciscd X
Rockwell Yes ACT-1 X
: detroliner SIG Yes Yes Northeast Corridor . X
Truck

.
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PASSENGER TRUCK LIST

L — - o
ComNTRY - | 'VEHIGLE |TRUCK BUILDER|POWERED SoNs DATA| . SYSTEM USED ON APPLIGATION -
DESIGNATION Transiti Mainline| Commutez
"AUSTRALIA Budd-Comeng {Commonwealth Yes Comeng Electric Rapid v
’ P-III Type Engineering Transit
(NSW) Pty.Ltd.
" " ‘Yes Western Australian Goverp- X
ment Rallways (Perth and '
Kalsoarlic)
~ CANADA Cast Steel |Dominion and &es Yes Toronto Transit Commissidn X
Alloy Foundries Co.
(Dofasco)
" Yes IRC ; X
) Yes | UACL - United Aircraft o
Canada Ltd, Northeast
Corridor and Canada X
RUSSIA ER 2090 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-224

Y-225

Y-226
Italian:

Fiat Eurofa

Z 1040
German:

ET-403

Minden Deutz
Japan:

DT 200
Canadian

LRC
British:

BT 10
Russian:

ER 200
U.S

P-TIIT

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). ’

- 15 -



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,
alr spring secondary suspension, roll bar, active tilt control,
equalizer beam, articulated train, and electromagnetic brakes.

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

A soft primary suspension 1s a primary vertical suspension
having the vertical bounce resonance of the truck on its 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 its vertical
springs. Typlcal practice 1s a 1 Hg secondary.

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

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

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

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

Active tilt control applies: to those vehicles having a
system where a device such as an accelercmeter 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 -



.2

Summary of Truck Designs -

The basic design characteristics of the high speed ,
trucks tabulated in Section 3.2 are presented in the Truck
Summary Table on the following page. The first parameter
included 1s 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 pivot.

A soft primary suspension 1s considered to apply to
systems having a truck bounce frequency less than 8 Hs.
The P-III and the Metroliner are distinguished from the
other 13 trucks since they have truck bounce frequencies of
about 26 Hz and 10 Hz, 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 slde frames.

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

The one truck with active tilt control i1s the Canadilan
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 =~



TABLE 1

TRUCK SUMMARY e
- {conventional | Soft Prir._n_am'! gigig Isigiggr Aégcgggggs Roll A-c}ﬁ.{: ﬁi;igc_l Eaualizer | Electromsg]
Truck Type Yaw Plvot Suspension Frame |Powered| Design |[Suspension |Bar Control Train Beam gre“;li(ce
Y-28 X X X X X
Y-32 X X x
' Y-224 X X X
v-225 X X X X X X
Y-226 X X - X
Flas
Eurofa X X X X
21060 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 7
PLIII X X B
;
Metroliner X X X X X X




4.
b1

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

given indicating su

train consist, and.
lar vehicle.

The following

M -

i
&

Definitions of
sketches are as follows:

Anchof rod

Bolster

Equalizer bar

Equalizer beam

Roll bar

. Wherever available, a brief history is
ch things as maximum speed attained, the
other significant features of the particu-

sumbols are used in the sketches:

primary suspension three directional
flexibility and inherent damping

elastic element and inherent damping
viscous damping element
carbody connection

terms contained in the descriptions and

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

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

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

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

- is a bar which is mounted in
a manner which provides addi-
tional roll stiffness to the
secondary suspension.
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Slide pad - allows rotational motions
to occur between the slider
and the carbody.

Swing 1link - a link which permits lateral
. ' motions to cccur and provides
the lateral secondary suspen-

sion stiffness.

Traction linkages - linkages which take braking
loads.
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Y - 28

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

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

The Y-28 truck has no conventional yaw pivot for steering.
It is driven by means of traction linkages arranged longitudi-
nally between the truck frame.and two crutches forming part of
the body represented by ground connections. The connection is
more or less at axle level. These traction linkages have re-
silient attachments to relieve the linkages of shock loads.
The resilient attachment includes helical spring and Belle-
ville washers, resulting 1n progressively varying degree of
elasticity. Stops engage i1f force in wire rope reaches 12
metric ftonnes which is rare. The ultimate tensile strength
is 24 tonnes.

The vertical and lateral car body loads are transmitted
through car body brackets to the swing links into the secondary
suspension. Then the load passes through the truck frame and
the primary suspension. The longitudinal load path proceeds
from the carbody crutches or brackets represented in the sketch
by ground connections through the traction linkages to the'
truck frame and finally goes out through the primary suspen-
sion. '
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Y - 28

Coil spring for vertiecal
secondary suspenslon

Bolster

-Swing link for lateral /secondary
suspension

Truck frame e /Lateg:i_lpgicondary
g,‘.\ ] :

cross member
) '’

X

"'I'
Truck f‘ra}% ‘

X

Roll bar
Traction 1linkages for yaw and

. longitudinal suspension

Primary suspension

v

Figure 1
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Y-28
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0.between spring centre lines s

I. Body bracket — 2. Swing link — 3. Bogie frame of welded platc. Ends of solebars in cast stesl — 4. Bolster —
5. Guide rollers for bolster — 6. Anti-roll bar — 7. Vertical damper -~ 8. Elactromagnetisc braka shee — 9. Prake
shoe suspension — 0. Wire rope connecting the bodie frame to the body.

Pigure 2

Courtesy of French Railway Techniques
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Y -32

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

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

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

The truck has a unique feature because there is no conven-
tional center pivot. The connection between truck and body 1is
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 additilonal 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 longlitudinal loads proceed from the carbody brackets
through the traction linkages into the truck frame and out the
primary suspension.

kY
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Y - 32

Vertical and lateral suspension
stiffness by coil spring

Secondarv vertical damper

Secondary lateral damper

Longltudlnal articulation
beam

Truck frame
tubular
cross member

Truck ‘
frame 4‘
~ Primary
vertical
damper
[} cetil
D4

\\——————Roll Bar

Secondary yaw damping
arrangement

Wheel A 1, '
| X - - v
Axle | ‘ a Traction linkages for yav

\ and longitudinal suspension
Primary suspension stiffness

Figure 3 ‘
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Cenerel orrangement,
bogic type S

Figure 4
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French Y-224

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

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

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

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

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

The longitudinal locad is transmitted from the carbody through

the center pivot to the equalizer bar and the rubber bushed rods
into the truck frame and out the primary suspension.

- 27 -



Y - 224

Vertical, lateral and longitudinal
Secondary vertical damper suspension by coil springs with
rubber inside

' Secondary lateral

damper Primary vertical damper

Center Pivot

’/,/’

Equalizer bar

Truck frame

Rubber bushed rods

Truck frame cross member

Figure 5
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Y-224
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Figure 6

Courtesy of French Rallway Technigues
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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. 1In a
test run in December of 1972, the TGV-001] hit a speed of
318 km/hr or 199 mph. By December 1974, TGV-001 had run
more than 16000 km at speeds greater than 260 km/hr and had
made over one hundred runs at more than 300 km/hr. The
TGV-001 is composed 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 1s an articulated train.

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

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

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

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

The vertical load is transmitted from the carbody through the

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

The longitudinal load goes from the body through the
T-shaped member in the center part of the truck into the truck
frame central, cross member and then out the primary suspension.
This T-shaped member is resiliently mounted within the truck
central cross member and is restrained laterally and longitudi-
nally, but allows vertical motions.
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Y - 225

Vertical stiffness and damping by air spring

Law damper arrangement

T-shaped member

\ for yaw pivoting
Two lateral links

to ensure air
springs only work
vertically

Rubber sandwich
for lateral
secondary
stiffness

Truck frame central cross
8 member
Axle

Truck frame

Primary damper
\\\\Primary suspension stiffness

Lateral secondary damber'

Figure 7
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French Y-226

The Y-226 truck is used on experimental motor coach
No. Z7001. Since entering service in April of 1974, motor
coach 727001 had run 125000 km by the end of January 1975 and
made over 100 runs at speeds between 250 and 306 km/hr.

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

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

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

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

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

Vertical secondary damper
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damper
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Figure 9
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. Lincar 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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Courtesy of French Railway Techriiques

Figure 10
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FIAT Eurofa

This Fiat truck is similar to fthe 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 stiffnesses represented in the sketch
by one symbol labeled primary suspension. There are four hy-
draulic shock absorbers for restricting vertical motions.

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

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

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

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

Vertical, lateral, and longitudinal
secondary suspension by coll spring
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: Primary vertical damper
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Center pin

Figure 11
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"PFIAT EUROFA

Courtesy of Rail Engineering International

Figure 12
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Italian Z 1040

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

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

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

and four lateral hydraulic dampers, only two lateral dampers

are shown in the sketch.

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

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

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

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

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

Truck frame
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Figure 13

- 41 -



Courtesy of Rall Engineering International -

Figure 14
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German ET-L403

The ET-403 is a 200 ¥m/h four car electrically propelled
train with all ftrucks powered.

The primary suspension is composed of four helical springs
and four vertical hydraulic dampers. The longitudinal and
lateral stiffnesses are provided by leaf links and elastic
boxes. The longitudinal and lateral stiffnesses can be altered
by changing the leaf l1links and the elastic boxes. Tests on the
ET-403 will indicate the proper selection of the longitudinal
and lateral stiffnesses for obtaining the most favorable condi-
tions for 200 km/h stability.

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

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

The longitudinal load goes through the center pin and the

center pivot into-the equalizer bar through the rubber bushed
rods, and into the truck frame and out the primary suspension.
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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 is composed of eight helical coil
springs for vertical motions, and eight leaf links for lateral
and longitudinal motions., There are four hydraulic dampers
for restricting vertical motions. »

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

Rotational restraint consisting of 1link rods to guide the
bolster and prevent it from moving longitudinally is an added
feature of the truck. Also, the truck has a roll bar with
spherical joints to allow free lateral motion of the bolster.

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

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



MINDEN DEUTZ
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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 l1links, similar
to the Minden Deutz truck, with rubber bushings at the end for
lateral and longitudinal motions. This suspension system 1is
represented in the sketch by four springs. Four vertical
dampers restrict vertical motions.

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

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

The lateral load is transmltted through the air sprlngs
into the center pivot, and out the primary suspension,

The longitudinal load is transmitted from the car through

the anchor rods into the center pivot, and out the primary
‘suspension.
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Figure 19
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Canadian LRC

The LRC was tested at the U.S. Department of Trans-
portation High -Speed Ground Test Center at Pueblo, Colorado
in the late autumn of 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
thelr respective motions.

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

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

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

The longltudinal 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 is composed
of two power cars and several intermediate passenger coaches.

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

The secondary suspension is composed of two diaphragm air
springs for vertical motions. These are located between the
spring plank and bolster. Four swing links which connect the
truck frame to the spring plank provide the lateral stiffness.
The longitudinal secondary stiffness comes from two anchor rods
which are connected between the bolster and the truck frame.

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

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

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

The longitudinal load is transmitted through the center

pin out to the sides of the bolster through the anchor rods
to the truck frame and out the primary suspension.

- 55 -



BT - 10

Slide pad . Primary vertical
Anchor rod damper

Bolstera

Swing link for
lateral stiffness

Truck framewy g

Primary suspension

stiffness Air spring for secondary

vertical stiffness
Spring plank

Wheel . Lateral secondary damper

Figure 23

- 56 -



I’a

BT-10

Fig. 2. Isometric drawing of BR
Mark Il coach BTIO bogie as
fitted to the intermediate veh-
icles of the HST
I. Primary damper
2. Disc brake
. Lateral damper
. Air reservoir
. Bolster
. Bogie frame
. Wheel slide protection
detector .
. Traction rod
. Levelling valve
10, Spring plank
H. Air suspension indicator
12. Air spring
13. Swing link
14, Centre pivot = -

NOLAW

o &

Courtesy of Rail Engineering International
) ¢

Figure 24

- 57 - .



RUSSIAN ER200

The ER200, a ld-car train designed for 200 km/h service
between Moscow and Leningrad had already achieved 206 km/h
prior to June of 1975 on the Sherbinka test track near Moscow.
The lb-car train has the trucks of the two end cars unpowered
with all the remaining trucks powered. The same type truck is
used under all cars. The track gauge is 1524 mm or 60 inches
as opposed to the standard of 1435 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 longitudinal motions. There are four
hydraulic shock absorbers for restricting vertical motions.

The secondary suspension consists of two self-levelling
alr 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 longltudinal secondary suspen51on stiffness.

The vertical load is transmitted from the carbody through
the air springs, down the side bearers 1nto the truck frame
and out the primary suspension.

The 1atera1 load goes from the carbody through the air
springs, down the center pin to the pivot into the truck frame
and out the primary suspension.

The longitudinal load goes from the carbody through anchor

rods down the center pin into the truck frame and out the pri-
mary suspension.
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ER 200
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ER 200
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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 suspension
1s 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 colil springs in series with lateral
stabilizing rods having rubber bushings at the ends. There
are two Houdaille roftary 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 - IIT is an articulated frame with independent side
frames.

The vertical locad is transmitted from the carbody through
the alr and coill springs to the side bearers and out the primary
suspension.

The lateral load goes from the carbody through the coil 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 - III
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’ with lateral stabilizing rods
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Figure 27
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. P-III

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 equallzer beam with
Pirelli coil springs mounted on it, which provide vertical,
lateral and longitudinal suspen51on stiffness.

The secondary suspension is composed of coil springs in
parallel with air springs to give vertical and lateral suspen-
sion stiffnessés. The air springs are designed to provide
load leveling of thHe 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 cafbody 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 c¢énter 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
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Figure 29

- 65



METROLINER

Figure 30
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2.

Truck Data

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

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

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

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

4,2.1 Truck Unsprung Mass Discussion

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

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

2) The total truck unsprung mass was estimated to be 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.

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 radii of gyration calculations for

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

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

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

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

The electromagnetic brake mass is included in trucks Y-22U4,
Y-225, Y-226 and ET-403; and this is represented in the data
table by an I adjacent to the mass number for the brake. 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 thelr effective points of action,
usually at the geometric center.

The -following methods were used when engineering estima-
tiens 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 Hz to an upper limit of
100 Hz.

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 limit of the vertical uncoupled sprung
truck mass bounce mode was damped at 50% of critical
damping. The lower limit of the primary damping was
based on a total 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 damplng.

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 Hgs uncoupled carbody
bounce frequency and 5.5 Hg coupled vertical carbody and. truck
bounce modes, except in cases of the Y-224 truck, and the
Minden Deutz truck.

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

The Minden Deutz primary vertical suspension was based
on an article from the literature, but 1t was uncertain
whether the information was directly applicable to this truck.
The secondary vertical stiffness assumed a 1.1 Hz uncoupled
car body bounce frequency.

The lateral seccondary suspension stiffness estimations
were based on an uncoupled lateral rigid carbody mode having
a frequency of .7 Ha. The .7 Hg 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 said to
be slightly stiffer than another truck where the data was
known. The valué of slightly stiffer was selected to be 10%
greater than the known truck.

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

The Y-28 and Y-32 roll bar stiffnesses were calculated
based on coupled roll lateral 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 abbreviations:

NA - data is not applicable

NI - mass is not included in truck sprung mass
I - mass is included in ftruck sprung mass
¥

engineering estimation
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Truek Type:

french ¥-28

Y - 28

_ Car Body: See Table 1? .
< . Teuck Weipht (2 Trucks):s 26460 1bs. (12t) Table 2
Car Body RTR Weight: 383790 lbs. (38t) N
Vehicle RTR Weight: 110250 1ibs, (48,8t)
Dealgn Speed: 125 mph (20Q kmh)
TRUCK _UNSPRUNG MASS
' Mags “Dlameter
Lb-Sec2/In In Conlcity Wheelbase Track Cauge
(Kg-Sec</Cn) {mm) N.D. In (mm) In (mn)
hael 7.3 6.2 100.8 6.
Mheelset 3 3 k0N 38 ‘ 56.5
(1.31%) (520) (2560) (1435)
Jrotal Truck 4.6
Unsprung (2.62)
i TRUCK SPRUNG MASS
Mass Radii of Gyration In. (mm)
Lb-Sec</In TORR to Truci
(Kg-Sec2/Cm) Roll Pitech Yaw c.g.
Per Truck In (mm)
® ® .
[Pruck Sprung 13.8 34.6 29.1 45,1 25.6
(2.46) (879)4 (739)¢ (1146)* (650)
* ] *
Bolster 2.4 22.5 7 23-? 34.6
(.42) (572)% (178)% (597)* (880)
Truck and * * x
Bolster 16.2 33.1 271 b2.5 26.8
Sprung (2.88) (8h2)* (689)* (1080)#% " (680)
fraction
Motor Unpowered
E.M. Brake 3.4 a1
(.61)
TRUCK SUSPENSION
. Damping Spring Spacings In (mm) Darper Spacings In (mm)
Stiffness Lb-Sec/In |
Lb/in (Kg/Cm) (kg-Sec/Cm) Vertical] Vertical
Per Truck Per Truck From TORR Lateral Long. | From TORR| Lateral Long.
P 13150 . 52%r_125% 77.6 100.8 77.6 100.8
Vi
R ervical (2347) (11%-27%) NA (1970) | (2560) NA (1970) | (2560)
" 112000-168000| 18¥-1€50% 18.1 64.2 | 18.1 64.2
Laterall 5000-3000). | (3¥-295% (460) HA (1630) | (u60) NA (1630}
A
R .560000 120%-3012% 18.1 77.6 18.1 77.6
Y L8| (1000000 | (p1e-53e4 (4603 | (1970) | A (460) 1 1970) )
5 ' 5186 u20 7.0 | 191 544 | su.k
.1 Vertical .
e} TR (926) (91%} NA (1880) | (u85) NA (1380) | (1360)
Cc . .
0 2130 GE¥-286% 25.6 : a. 25.6 a.
. Lateral (380) (20%-62%) (650) NA (650) NA
b 58500-10.7x108"  s2x-3u0008 | 25.6 ° NA 26 ° NA
A Long: le500-1.9x10%%) (1su_cogory | (6500 | (0) (650) (0
R Stiffness Damping Frictioral Hestraint
. In-Lb/Rad Lb-Sec~In In - L
¥ (#z-Cm/Rad) | (Kg~Sce-Cm) (Kg_~ Cm) ‘
Roll n,2x g0° na NA
(h.5x3107) .
1 x 109% to 5 x 107%
v NA
Yo NA‘ . (1.2 7z 105% to £ x 105%)
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Trueck Type:
Car Body:
Pruck Welght (2 Trucks):

French ¥Y-32
See Table 17

Car Body RTR Welght:
Vehicle RTR Weipght:
Design Speed:

30000 1bs, (13.6t)
70340 1bs. (31.9t)
100340 1bs. (45.5t)
155 mph (250 kmh)

TRUCK_UNSPRUNG MASS

Y - 32

Table 3

Ma
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33 ~—Diameter
« Lb=8ecs/In In Coniecity Wheelbase Track Gauge
(Kg-Sec?/Cm) . | . (mm) _ N.D. In (mm) In_(mm)
8.0 35.0 100.8 56.5
Wheelset 1/b0%-.. 38
(1.43) (890) . (25€0) (2435)
Total Triick 16.0
Unsprung (2.85)
S TRUCK SPRUNG MASS
Masz Radll of Gyratlon In. (mm)
Lb-Sec</In : —_— - 5 TORR to Truck
(Kg-Sec2/Cm) Roll Pitch Yaw c.g. .
Per Truck In. (mm)
Fruck Sprung 19.4% 35.0% 29.0% 45.3% 19.7
[ (3.k6)% (889)® (737)* (1151)* (500)
Bolster TN NA NA NA NA
Truck and = .
Bolster ’
Fprung NA NA NA m‘ NA
ﬁggggion Unpowered
_ 3.6
E.M. Brake (.61 NI
§ ' TRUCK SUSPENSION
Damping Spring Spacings In. (mm) Damper Spacings In (mm)
Stiffness Lb-Sec/In — -
Lb/In (Kg/Cm) (x ~Sec/Cm Verticall Vertical]
Per Truck | %er -ruc& ' From TCRF Lateral|. Long. | From TORR| Lateral Long.
. 14000 50%-266% 78.7 100.8 78.7 120.6
Vertical
R (2500) (9%-47%) NA (2000) | (2560) NA (2000) | (3064)
26600 29%-718% 18.1 66.9° 17.5 66.9
M1 ratéral . ,
R R . (4750) (5%-128%) (h6o) N& (1700) (44y) NA (1700)
R 324800 100%-2510% 18.1 78.7 18.1 78.7
Y Lone:1  (58000) (18%-448%) 460) | (2000) | na (560) | (2000) | ma
S 4590 335% 78.7 . 106.3 23.0
= | Vertical
= ervie (820). - (60%) NA (2000) Na [ (2700) (585)
¢ .
o 1867 to 1930 | ©3%-250% - 28.4 0. 32.2 0
Lateral * .
N 333 to 345 | (18%-54%) (721) NA (818) NA (0)
D _ PBe300-9x10°% 69%-28600% | 17,5 0 17.5 0
A FOnE Hot1o-1exa0% i (2v-5200) [ (yau (0) w ) (0) .
R StifTness. Damping
¥ In-Lb/Rad | Lb-Sec-In Frictional Restraint
(Ky-CmQ?ad) . (Kp-Sec-Cm) In - Lb. (Kp - Cm)
S N m
Yaw 1.6-8.1 x10%% 1 %-409% to 5 x 105%
e e X0, 88.2.x2000 L (12 230 40 6 x 105%)
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Pruck Type:
Car Body:
Truck Weilght (2 Trucks):

- French Y224
See T'able 17
28800 1bs. (13.06t)

Car Body RTR Welght: 65490 1bs. (29.7t) Y -~ 224
Vehicle RTR Welght: 94290 1lbs, (lei-’t) N .
Design Speed: 125. - 155 mph (200 - 250 kmh
Table 4
TRUCK UNSPRUNG MASS
. dMags Dliameter N
Lb=Secs</In In Conicity Wheelbase Track Gauge
(Kg-Sec?/Cm) {mm) N.D. In (mm) In (mm)
Wheelset’ 8.0% 33.9 o 31 106.3 56.5
(1.5%) (860) ) (2700) (1435)
Total Truck 16.0%
Unsprung (2.86%)
. TRUCK SPRUNG MASS
Masi Radii of Gyration In. (mm)
Lb-Sec</In TORR to TrucK
(Kg=Sec2/Cm) Roll Pitch . Yaw. Cc.&.
Per Truck : In (mm)
h‘ruck Sprung | - -3+ 36.7¢ 3075' L7.6% 18.1
(3.79)* (932)* (77)* (1209)* (460)

polster NA - NA oM o NA

ruck and .

Bolster NA NA N NA NA /

Sprung .

ﬁg:giion Unpowvered

E.M.Brake 3.4t

(.61%) 1
TRUCK SUSPENSION

Damping Spring Spacings In (mm) Damper Spacings In (mm)

Stiffness (Lb-‘Sec/In) veriioal Vertioal

C Kg-S C . ertlica
ng:g égﬁgkm ;ere%i-urgk From TORF Lateral|. Long. | From TORR|Lateral Long.
P . 37300% 85%-_619% 82.1 106.3 " 82.1 106.3
Vertical NA : N,

R | VTR (66600 19%-134) . (2085) | (2700) (2085) |(2700)

1 . ” .

. 13390-8 x1¢° { 21¥-13000% 16.5 106.3 | 17 w | 063
; v . NA ‘
tateral) o391-1. 4x1 6 )k (4%-2300) (420) (2700) | (430) . (2700)

A '

R 13390_8x106I 21%.13000% 16.5 82.1 a 17 82.1 A

’ Long.| ~

¥ "8V 2301-1.4x106)f cun23000) (420) | (2085) (430) | (2085) '

5. : 7500% 356 82.1 0. 82.1 24,8

.| Vertical NA NA ‘6
E (1339)% (6u)* . (2085) (2085) (630)
¢ i : s} b 18.7
% 150% 0.2 . 0.2 : .
o Lateral 1650 ° Na NA
(295)% (27)% (1020) (1020) (475)

N. T

) 30100-3.4x10%  gL¥-267000 40.2 0. - fo.2 11063 4

A Long. 537022.7x1050 % (11#-800) ¥ | «o20 (1020) (2700)

R Stiffness Damping - Frictional Restraint

) In-Lb/Rad Lb-Sec~In In ~ Lb
Y (kg-Cm/Rad) | (Kg-Sec-Cm) (K¢~ Cro)
Roll NA NA NA
1 x 10°% to 5 x 107*
Yaw NA HA (1.2 x 105% o 6 y 109)#
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Truck Type:
Car Body:
Truck Meight (Articulated Train):
’ Car Body RTR Welght:
Vehicle RTR Weight:

Design Speed:

See Table
22491 1bs,
41898 1bs.

French Y-225

17
(10.2t)
(19t)

64336 1bs. (29.2t)
155-186 mph.(250-300 kmh)

) 'I;RUCK UNSPRUNG MASS

Y - 225

Table 5

. '.aas . blameter ’ ]
Lb-Secé/In In " Conicity Wheelbase Track Gauge
(Kg-Sec2/Cm). (mn) N.D. In (mm) In (mn)
" -
iheelset 8.6 35.4 17408, 34 .102.‘1 56.5
(1.53)% (900) (2600) (1435)
Total Truck 18.2
Unsprung (3.26)
. - TRUCK SPRUNG MASS
j Mas? Radli of Gyration In. (mm)
Lb-Sect/In - TORR to TrucH
(Kg-Sec2/cm) Roll Pitch Yaw c.g.
__Per Truck . In (mm)
#ruck sprung 39.9 34,28 34.9% 48.7¢ 20.3
(7.14) (869)#% (386)' (1237)* (515)
polster NA . NA NA NA NA
Truck ar{d .
Polster NA ¥A - NA NA NA
Sprung .
Traction 6.7
rflotor (2.99)
IE.M. Brake 3.u%
! (.61)%
| .
! TRUCK SUSPENSION
Damping Spring Spacings In. (mm) Damper Spacings In (mm)
Stiffness Lb=Sec/In - S
Lb/In (Kg/Cm) (Kg-Sec/Cm) Vertical Vertical
Per Truck Per Truck ‘From TCRH Lateral| Long. | From TORR Lateral Long.
P D
32000 85%-619% .
2 Vertical ‘ ’ YA 76.8 102.4 A 76.8 129.9
(5713.6)% | (154-111)» (1950) | (2600) | (1950) | (3300)
I T T
. 2.5x10,%-1,6
w Py 4or-25000% 15.8 102.4 15.8 102.4
Lateral{ , £ jg3. NA
X (4.5%105-2.9 . (q 1%-4500) % NA
A x1G)€ - g (401) (2600) (401) (2600)
= 7 =
2.5x10,-1.6 . #* .
2 Long x0T+ 4o#~25000 15.8 | 76.8 i 17.7 76.8
. . 3 \ X : A
X 1 (yo5210°-2.9 | (T.1%-4500% (401) (1950) (450) (1950) )
XI0DE
5000% 10% . .
g | Vertiealf - 3 - 76.8 _° " 76.8 0.
: (892.7)% (55)#% (1950) (1950)
¢ ~
: 2000¢ 93%-279¢# 27.0 .
0! Tlateral ° ‘ ' ! T 21-0 N& °
N 357)* (17%=50)* (686) (700) (686)
D 38500-10, " gon. % .
Lo}lg ‘38500’”12.7 82%.-34000 27.0 76.8 " 27.0 76.8 .
. 1 _gne N
! (6900“ti6%)l (15%-61B0y* (686) (1950) (£86) (1950)
P .
R Stiffness Damping Frictlional Restralint
¥ In-Lb/Rad Lb-Sec-In In ~ Ib
ot (Kg=-Crm/Rad) { (Kg-Sec-Cm) (kg ~ Cm)
Roll NA NA NA
Yau N& 9.3x10%-1, 14 86 * 102“ to 3 x 10° .
1.1-5.023070 %007 4 109% 57 3,5 x 107)F
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Truek Type:
Car Body:

See Tab

French Y-226

le 17

Truck Welght (2 Trucks): 36600 ibs. (16.6t) ‘Y - 226
Car Body RTR Welght: 96225 1bs., (45t)
Vehicle RTR Welght: 135825 lbs. (61.6t)
Design Speed:  155-186 mph (250 - 300 kmh) Table. 6
'1:‘RUCK UNSPRUNG MASS
Mags DYaneter
4" Lb=Secs/In In Conicity Wheelbase Track Gauge
(Kg-Sec®/Cm) (mm) N.D. In (mm) - In (mm)
heelset 8.6% 35.8 1/40%- 3¢ 114.1 56.5
(1.53)* (910) (2900) (1435)

Total Truck
Unsprung

Vert. 22 (39)

Lat. 45 (8.1)

TRUCK SPRUNG MASS
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lvl353 Radil of Gyration In. (mm)
Lb-Secs/In TORR to TrucH
(Kg~Sec2/Cm) Roll Pitch Yaw c.g.
‘Per Truck In {mm)
Pruck Sprung {Vert.25.4(4.5) 36.4% 33.2¢% 50.0% 16.9
Lat.(2.3)(.40) (1924)* (843)% (1270)* (430)
Bolster NA . A YA -
ggg::e:nd Na ‘NA Y NA NA
Sprung
raction Suspended .
Motor From Body NI
3.14
E.M. Brake
(.56)
TRUCK SUSEENSION
’ Damping Spring Spacings In (mm) Damper Spacings In (mm)
Stiffness Lb-See’/In e —— rPR—y— -
Cn - ’ ertica
ng: é‘?&ékﬂ (.Kpl:‘ej'e?l‘/r%n& From TORR‘ Lateral]. Long. ]| From TORRlLateral Long.
P 25000 ¥ | gu¥_y7se " 90.6 114.2 96.5 114.2
Vertical NA NA
R : (4463.7)% [ 15%-85 ) (2300) (2900) (2450) (2900)
I - 54 i
153 9'”“; 3E_1450% 18 113.6 18 . 113.6
M terall(259-1.6x10°" ) Na NA
N IR M RETEEI (4s7) (3520) | (ws7) (3520)
R’ 1453-9.1x107% 3%-1450% 18 90.6 . 18 90.6
. N A NA
¥ Long-Kasg-1.6x10% % | (1#-259 )% s | (2300 W57y | (2300)
5 6000% [aR-Ld 78.0 0. 78.0 27.6
Vertical NA NA
E (1017)* (74)= (1980) (1980) } (700)
c
o 2480% 534-159% 30.7 | o. 30.7 0.
Lateral NA NA
. (hhg ) ¢ (gh-28% (780) (780)
D 45600-12.7 g7R-UcLlo0% 30.7 78.0 30.7 98.4
Long. <106 : NA NA
A - el (1TPST200 0% | (780) (1980) (780) (2500)
(8140- p,3x19")*
R ScIffness Damping Frictional Restraint
In-Lb/Rad Lb-Sec-In n - Lb
Y (Kg-Cm/Rad) (Kp-Sec-Cm) (K¢ = €m)
Roll NA NA NA
W VA 1.5 x 10°% to 7.5 x 109%
Yaw el , A
(3.,.7%10%% to £.6 x 1074)




Truck Type:
Car Body:

Itallan Fiat Eurofa
See Table 17T

-Fiat Eurofa

(1.2 x 195 tn 6 z 1093y«
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Truck Weight (2 Trucks): 31000 lbs. (14t) .
Car Body RTR Weilght: ~ 66150 lbs. (30t)
Vehicle RTR Weight: 97150 1bs. (84r) Tabl
Design Speed: 125 to 155.mph- (200 to 250 kmh) able 7
TRUCK UNSPRUNG MASS
- Mags Diameter
Lb=-Sect/In In Conicity Wheelbase Track Gauge
(Kz-Sec2/Cm) {mmn) N.D. In (mm) In {mm)
meelset. 8.6 36.2 1/40%-,3% 102.4 56.5
(1.53)° (920) - (2600} (1435)
rotal Truck 17.2
/nsprung (3.06)
TRUCK SPRUNG MASS
Masi Radil of Gyration In. {(mm)
Lb-SecZ/In TORR to Truck
(Kg-Sec?/Cm) Roll Pitch Yaw c.g-
Per Truck In (mm)
fruck Sprung 19.7% 36.9% 29.3* 47.3% 15.7
L (3.52)% (937)% (744)* (3048)¢ (400)
Bolster NA NA NA NA Na
[’ruck and
Bolster: Na Na NA NA NA
prung
Tractlon
L fotor Unpowered
E.M. Brake 3.40
(.61)
TRUCK SUSPENSION
Damping Spring Spacings In. (mnm) Damper Spacings In (mm)
Stiffness Lb=Ser/Tn
Lb/In (Kg/Cm) (Ks-Sec/Cm) Vertical Verticall
Per Truck | FPer Truck From TCRR Lateral|l. TLong. | From TORR| Lateral Long.
P ‘ 14000 53%-266¥% 79.1 102.4 79.1 122.0
R Vertical
: (2500) (9¥-U7#) 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 Lone, | 170260 73%#-1831% 17.7 78.7 - 18.1 | 78.7
ong. B L .
¥ ) (30400) (13%-327%) (450) (2000) NA NA
- . . (460) {2000)
5 4667 to 43T0|  3u3m 79.2 | o. 105.1 0.
E Vertical
(833 to 870) (61 )% NA (2010) NA (2670)
c - -
' o 1867 to 1931| 81% to 247# 26.5 o. 26.5
Lateral 0
N (333 to 345) J (17% to 53)# (673) NA (673) NA
D 30400-8.4x10°4  g58-26860% | 26.5 79.1 26.5 105.1
ng. : NA NA
A Long: \5u30e-1.5x109  (12%-4B002%| (673) | (2010) (613) | (2670)
R StIffnéus Wpinz Frictional hestraint
In~-Lb/Rad Lb-Sec-In In - Lb
¥ (Rp-Cr/Rad) | (Rg-Sec-Cm) (Fg_~ Cm).
2.5%107
Roat | (37531000 A Na
Yau A 1.6-8.121¢% | 1 x 205%0 5 x 105
1.8..9.3210%)%



Truck ‘fype:

Italian 21040

_77.—

Car Body: See Table 17 % 1040
Truck Welght (2 Trucks): 66150 1bs. (30.0t)
Car Body RTR Weight: 72765 1lbs. (33.0t)
Vehicle RIR Weight: 138915 1bs. (63.0t) Table 8
. Deslgn Speed: 149 mph (2UQ kmh)
" TRUCK_UNSPRUNG MASS
Mags Diamecer -
Lb-Secc/In In Conicity Wheelbase - Track Gauge
. (kg-Sec?/Cm) (mm) N.D. In (mm) In (mm)
- . . 12.8% 40.9 1158.1 56.5
Wheelset 17408, 3%
(2.3%) (1040) : (3000) (1435)
lfotal Truck 25.7¢
Unsprun,
prung (4.59)%
TRUCK SPRUNG MASS
Mass © Hadil of Gyration In. (mm)
Lb-Sec</In TORR to Truck
(Kg-Sec2/Cm) Roll Pitch Yaw c.g.
Per Truck In (rm)
'ruck Sprung 28.5¢ 34.9% 4o.9% 53.5% 31.5
~(5.10)% (886)* (1039)# (1359)*% (800)
b olster u.o'. 26.9% 13.3% 30.0% 11.0
(1.71)% (683)% (338)% (762)* (280)
aoack and 32,54 34,79 39.2¢ 51.20 29.
Sprung (5.81)% (881)% (995)% (1301)% (731
Traction 7.4 NI
flotor 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/Cm) Vertical Vertical
Per Truck ger Truck From TORK Laterall. Long. | From TORF Lateral Long.
i Vertical 11668 so%-3ar¥ T78.7 | 1181 78.7 118.1
e C .
R (2083) | (10%-58%) A (2000) | (3000) NA (2000) |-(3000)
I
i ]
" 20'53337;1'28 103%-20400% 20.5 118.1 20.5 118.1
T} Lateralls o 3o 2.3 | (28x-3600%
N aoses? -3600%) (520) NA | (3000) | (520) | ma (3000)
] T -
R . ao.'sﬁgzd.za 103-20400% 20.5 78.7 20.5 78.7
ng. 7 . ; .
Y {3.7;%35;3.3 (18%~ 3600%) (520) (2000) NA (521) (2000) NA
5 5186 413# 81.1 16.9 93.7 0.
E Vertical ’
’ (926) (74¥) NA (2060) | (430) NA (2380)
¢
0 1750% 81% to 242 21.7 39.4 18.9 18.9
Lateral .
N (312)% {(17% to 52¥)! (550) NA (1000) (482) NA (480)
D 33500%-9,3 | 71%-29€00¥ 21.7 81.1 21.7 81.1
Long. v100* . es ‘HA NA
A : (5980-1.7x105%) (13%-5280%) (550) (2060) (550) (2060)
R Stiffness Damping ¥rictIonal Restralnt
In~Lb/Rad Lb~Sec~In In -
¥ (Kg-Cm/Rad) | (4p-Sec-Cm) (Kg_ - Cm)
Roll MA NA NA
) 1.5 x 109% to 7.5 x 1054
Yaw MA NA
. (1.7 x 107% to 8.6 x 105%




Truck Type:
Car DBody:

Table

See

German MAN ET-403

17

R

Truck Weight (2 Trucks): 511c0 1lbs. (23.2t) ET l-l03
Car Body RTR Weight: 70560 1lbs.®#(32t%) '
Vehicle RI'R Weight: 121720 1bs. (55.2t)
Design Speed: 125 mph (20Q kmh) Table 9
TRUCK UNSPRUNG MASS .
N.ass Dlameter
. «Lb-Sec</In In Conicity Wheelbase Track Gauge
(Kg-Sec“/Cm) (mm) N.D. In (mm) In (mm)
Wheelset 11.4 41.3 1/b0%- .34 102.4 56.5
(2.04). (1050) (2600) (1435)
Total Truck 26.3
Unsprung (4.69)
TRUCK SPRUNG MASS
Mass Radii of Gyration In. (mnm)
Lb-Sec%/In TORR to TrucH
(Kg-Sec2/Cm) Roll Pitch Yaw c.g.
Per Truck In (mm)
* * *
Pruck Sprung 39.9 34.7 44.0 52.3 213
(7.14) (881)* (1118)* (1318)* (540)
Polster NA NA NA NA NA
Truck and* R
Bolster NA NA NA NA NA
Sprung
Traction Powered I
Motor
34
E.M. Brake
(.61%)
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Damper Spacings In (mm)
Stiffness Lb-Sec/In -
Lb/In (Kg/Cm) ( Kg-Sec/Cm) Verticall Vertical
Per Truck Per Truck From TORR Lateral Long. | From TORR| Lateral Long.
P . -
42560 103%-111G% .
g | Vertical # o I NA 8.7 102.4 - 78.7 88.6
(7600) (18%-200%) (2000) | (2600) (2000) | (2250)
I
28009~ 302000| u2*-3470% 21
1M | Lateral : 3 - 102.4 21.3 R RUIR
A (5000 - 54000) (7¥-62%) (540) (2600) (540) (2600)
R
26900- 240000| 41%-3090% 21:3 78.7 21 .3 78.7
Y Long. NA NA
(4800 -53000) | (7%-553%) (540) (2000) (540) (2000)
S 4400% 250% 78.7
E Vertical NA J > - 100.0 29.5
(786)% (45*) (2000) (2540) (750)
c
600% N115% *
0 Lateral 3 5% to 344 34.1 o 0. 34.1 - 2
W (643)% (25% to 74%) (865) (865) ’
D 32400%-9, 6 69%-28700% 34.1 78.7 34.1 100
x 9
a| Lome (5780-1.6 ¢ | 2%-51200) | (8€5) | 20000 | M| (965) | (2500) | WA
. x o
R Stiffness DampIng rrictfonal Restraint
Y In-Lb/Rad Lb-Sec~In In - Lb
(Kg-Cm/Rad) (Kg-Sec=Cm) (Kg,_~ Cm)
Roll NA NA NA
Yaw A WA 1.2 x 10%% to 6 x 107%
A 1.4 x 169% to 7 x 109%)
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Truck Type:
Jar Body:
Truck Welght (2 Trucks):
Car Body RTR Welght:
Vehicle RTR Welght:

30429 1bs.
62181 1lbs.
92610 1bs.

Qerman Minden Deutz
Sve Table 16

(13.8t)
(28.2t)
(42,0v)

‘Minden Deutz

- 79 -

] Design Speed: 12% mph (200 kmh) Table 10
TRUCK UNSPRUNG MASS .
Mags DYanecer <
w.Lh-Sec /In In Conicity Wheelbase Track Gause
(Eg-Sec?/Cm) (mm) N.D. In (mm) In (mn
Wheelset 9.7¢% 37.6 1/40%- 3¢ 99, 56.5
(1.73)* - (950) (2500) (1435)
[fotal Truck 10.4%
Unsprung ]
(. 4p)*
" TRUCK SPRUNG MASS
Mass Radil of Gyration In. (mm) .
Lb-Sec¢/In . TORR to TrucH
(Kg-Se02/Cm) Roll Pitch Yaw Cug.
Per Truck In (mm)
] ® #*
'ruck Sprung ?3‘ 35.1 38.2 51.9 . 30.9
' (2.32)* (892)* (970)% (1318)¢% (765)
Bolster < 3.4 2h.g* 9.4% 26.9* 12.2
(.61)% (632)# (239)* (683)* (310)
oy oren 16.4% 33.9% 35.18 uy. g 27.0
pprune (2.93)% (861)* (891)% (215)e (686)
g‘lg:ggicn Unpowered
E.M. Brake ' ‘3.4x
(.61 NI
TBUCK SUSPEI‘!SION
: Damping Spring Spaecings In (mm) Damper Spacings In (mm)
Stiffness 'Lb-Sec/In
Lb/In (Kg/Cm) (Kg-Sec/Cm} Verticall Vertical
Per Truck Per Truck From TORH Lateral_ Long. | From TORR Lateral Long.
P | 14000% 52%-270% 79.2 | 98.4 93.9 98.4
R Vertical NA NA
| (2500)% (9*-48%) (2000) |[(2500) (2370) | (2500)
I -
4
.04 x10_¥~6,5 17%-10300% 18.7 98.4 - 18 '
u Lateral xlog . . NA .7 A a8.4
A a.9 ;‘186:-;[.2 (3%-1840%) (475) (2500) (475) (2500)
,ﬂ 1.04 xlog‘— 6. 9 17%-10300% 18.7 79.2 18.7 79.2
1 Long. x103* ) NA . NA
(1.971053-1.2  1(3%-1840%) (875) | (2000) (475) (2000)
x10
S . R
g| verticai 3500# 270% 79.2 15. 94.5 .0,
. NA NA
¢ (678)* (hgx) (2000) | (380) (2400)
1500% 70¥ to 210% 25.6 0. 25.6
° Lateral . NA NA 0,
. (268)% (12.5%t0 37.5%) (650) . (650)
D
Long. 28600%-7.9 Xpf  61%-25200% 30.2 97.1 NA 30.2 97.1 A
A (5106-1. 471054 )(11%-4500%) (767) | (2467) (767) (2467)
R Stif{ness Damping FrictIonal Restralnt
Y In-Lb/Rad Lb=Sec-In In - Lb
(Kp~Cm/Rzd) | (Kg-3ec-Cn) (K = Cm)
Ro1r | 2.5xiolw NA A
(2,92107 %)
v L9 x 100% to 4.5 x 105%
aw
_”AQ ‘__f'_/‘m 11, x 105% to 5.2 x 105¢)



Truck Type:
Car Body:
Truck Weight (2 Trueks):
Car Body RUR Weight:
Vehicle RTR Welght:
Design Speed:

Japanese

74970 1b
119070 1b
125 mph (

See Table
44100 1bs,

DT200

17
(aot)

s. (34¢t)

s. (54¢)

200 kmh)

TRUCK UNSPRUNG MASS

DT 200

Table 11

h!ags Dlameter
. -Lb-SecZIIn In Conicity Wheelbase Track Gauge
{(Kg-Sec</Cm) (mm) N.D. In (mm) In (mm)
dheelset 9.0 35.8 1740 . 98.4 56.5
(1.61%)" (910) (2500) (1435)
flotal Truck 22.8
Unsprurg (4.07)
_ TRUCK SPRUNG MASS
Masg Radil of Gyration In. (mm)
Lb-Secc/In TORR to TrucK
(Kg-Sec2/cCm) Roll Pitch Yaw c.g.
Per Truck In (mm)
[Pruck Sprung 29#% 39.1% 34.2¢% 51.8¢% 21.7
(5.18)* (993)* (869)* (1316)% (550)
Bolster 5.2 35.4% 5.9% 35.18 39.7
(.93%) (899%) (150)* (892)* (1008)
§§§§¥e§“d ' 3h.2 . 39.1% 32.2¢% 19.6% 28,4
Sprung (6.11) (993) (818)% (1260)% (.96)
;;2:3:.159 Powered 2% From available sources unclear
if mass. included 1n truck sprung
E.M. Erake NA
: TRUCK SUSPENSION
Damping ‘Spring Spacings In. (mm) ‘Damper Spacings In (mm)
Stiffness Lb~8ee/In - -
Lb/In (Kg/Cm) (Xg-Sec/Cm) Verticall Vertical
Per Truck Per Truck From TCRH Laterall. TLong. | From TORR| Lateral Long.
L 28000 148 82.7 | 98.4 100.4 98.1
R Vertical - NA NA
(5000) (80) (2100)] (2500) (2550) | (2500)
I
168000-224000} 96%¥-2768% 17.7 98.4 17. .
M| rpateral NA 71 NA 98.4
A (30000-40000) | (1T*-H4gh¥) (450) (2500) | (450) (2500)
R 336000-448000 | 136%-3914% 17.7 98.4 17.7 98.4
¥ Long. . NA NA
(60000-80000) | (28%- 69g%) (459) (2500) (450) (2500)
s 4480 227 98.4 0. 98.4 0.
E Vertical NA NA
(800) (49.5) (2500) (2500)
[
o 4032 560 41.3 0. 41.3 23.6
Lateral NA HA
N (720) (200) (1050) (1050) (600)
D - |3u500-9.6x10%  73%-30500% | 22,0 114.2 22.0 114.2
Long. 1 (6160%-1. NA NA&
A o066 (3e-shoon) | (560) | (29009 (560) | (29¢0)
R Stiffness Damping Frictlonal Restraint
In-Lb/Rad Lb-Sec-~In In - Lb
b (Ky-~Cm/Rad) (Kp-Sec-Cm) (Kg - Cm)
Roll HA NA NA
v A 1.2 x 109% tg 6 x 105%
aw 1 R :
ih (1.4 % 105% to 6.9 x 109%)
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Truek Type:  Canadian LRC Dofaseo LRC
Care Body: See Table 1
Truck Wefpght (&0 Truchs): 29200 1bs. 213‘2 t)
Car Body RTR Welvht: 50400 1bs, (27.4 t) Table 12
Vehicle RTR Welpht: 89500 1bs. (40.6 t)
Peslgn Speed: 125 mph (200 kmh)

TRUCK UNSPRUNG MASS

Mags Dlameter . -
Lb-Secs/In In Conlcity Wheelbase Track Gauge
(Xgg=Sec</Cm)}) (mm) N.D. In (mm) In (mm)
Wheelset 6.6 30. /740 - /5 97 56.5
(1.18) (762) (2464) (1435)
ITotal Truck Co13.2
nsprung " {2.36)
TRUCK SPRUNG MASS
:-'.asi Radll of Gyration In. (mm)
Lb~-Secs/In TORR to TrucH
(Kg-Sec2/Cm) Roll Pitch Yaw c.g.
Per Truck In (mm)
Truck Sprung 19,0 21.6 31 36.25 17.9
(549) (1873 (921) (455)
(3.39)
Bolster 5.74,. : 35 14.5 37.2 28.9
(1.02) (889) (368) (945) (7348)
T k d
nggtein 24.74 25.8 28.4 36.5 20.5
ISprung (4.41) (655) (721) (927) (521)
Mraction
Motor Unpowered
E.M.
Srake N&
TRUCK SUSPENSION
Damping Spring Spacings In (mm) Damper Spacings In (mm)
Stiffness [(?(—S%c/% .
Lb/In (Kg/Cn g-S€c/Cm) Verticall Vertical
Per_ Truck Per Truck From TORH Laterall. Long. | From TORR Lateral Long.
P
4y.0 97 NA 33 S7
. 17000 200 NA
r | Verticall (3035) (36) 18 | causwy | - (838) | (2u64)
I
M Lateral 34000 73-146 16 NA 97 16 NA 97
A (6071) (13-26) (406) (2u64) (406) '\246%)
R .
Long 230000 1{91-382 16 44,0 NA R 16 by NaA
Y (41066) (34-68) (406) | 1118 (406) | (1118}
S -
g | Vvertical 2068 . 250 N& 88 0. NA 88 39
(369) (45) (2235) (2235) | (991)
c
0 Lateral 1500 200 22-318 ; NA 0-355 28 NA 50
y i EL (36) (660-787 (0-g02)] (711 (1270)
D 30000 1125 26-31 0-64 NA 12.4 92 NA
A Long. | (5356) (201) (660-787)] (0-1626 (314) (2337
R Stitfress DampIng Frictional Regtraint
In~Lb/Rad Lb=-5ec~In In-Lb
¥ (Kp-Cn/Rad)_| (Xg-tec-Cm) __(Xg-Cm)
Tilt
Roll Control NA N‘?
138000
Yaw NA NA (159000)
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Truek Type:

Car Uody:

Truck Weight (2 Trucks):
Car Body RTR Welght:
Vehlicle RTR Welght:
Pesign Speed:

English BR110

'Se: Table 17 . BT 10
o7l bs. (11.61) .

7187 1bs. (1.4t . .
72765 1bs. (33t) Table 13

125 mph (20Qkmh)

TRUCK UNSPRUNG MASS

Maﬁs ~ Diameter
: Lb-Se,clen In Conicity wheelbase Track Gauge
(Kz-Sec</Cm) {mm) N.D. In (nm) In (mm)
heelset 6.8¢ 36.0 1/h0be 38 102.4 56.%
(1.22)¢ (91%) (2600) (1435)
[fotal Truck 3.7
Unsprung - (2.45)8

TRUCK SPRUNG MASS

Masg Radii of Gyration In. (mm)
Lb-Sect/In — TORR to TrucH
(Kg-Sec2/Cm) Roll Pitch Yaw c.g.
Per Truck In_(mm)
rruck Sprung 13.7% 35.9¢% 37.6% 52.0% 30.7
(27‘15)3 (912)* (955)# (1321)* (780)
Bolster 5.7'_ 30.7% 11.1% 32.7% 13.
(1.02)% (780)% (282)% (831)% (330)
ruck and X
Bolsten 19. 4% 35.50 ‘ 33.2% 37.1% 25.5
Sprung (3.47)% (899)* (8u3)* (1297)%
E(g:g:‘;on Unpowgréd
E.M. Brake NA
TRUCK SUSPENSION
: Damping Spring Spacings In (mm) Damper Spacings In (mm)
Stiffness Lb-Sec/In D :
Lb/In (Kg/Cm) (Kg-Sec /cm} . { Verticall Vertical
Per Truck Per Truck From TORF Lateral| TLong. | From TORR Lateral Long.
3 23000% 56%-467* " 80 102.4 80 102.4
Vertical ' . NA : NA
R (4io7)% | (10%-83¥%) (2032) | (2600) (2032) | (2600)
I - y - "
1 2250-7.7x106%} 15%_ 122001 18 102.4 18 - 102.4
Wl Lateral ) p NA NA
2187-1.4x100%) (3%-2180%) (4s7) (2600) (458) (2600)
R 12250-7.7x106% 19%-12200% 18 80 18 80
g Long. \ 6 NA NA
Y 2187-1.4x10°%} (3%-2180%) sty | (2032) (458) | (2032)
<
v 000% 758 8. 0. .6 22.4
E Verticall 3 175 NA 76.0 NA 99
(536)% (31%) (1982) (2530) (570)
c
oo # [T 24.8 0. 24.8 : 2
° Lateral ? Te-1hae NA HA !
N (161)% (8%-25%) (630) (630) (685)
H
D £1700-6.0x105% 146%-19100% 18 78 18 78
. ’ NA NA
| OB Kaaro-1.1x1068) (Br-yio0%) ws1) | (1982) wsty | ass2)
5 Stiffness Damping Fricticnal Restraint
In~<Lb/Rad Lb-Sec~In In ~ Lb
¥ (Kg:~Cm/Rad) (Kg-Sec—(}m) (Eg = Cin)
Roll 7 NA NA
. 5 ) 6
Yau A NA $7 % 107% to 3.5 x 10°¥
(.8 x 205% to 4 x 105%)
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Truck Type:
Car Body:
Truck keight (2 Trucks):
Car Body RTR Welght:
Vehicle RTR Weight:

Design Spee

See Table

ds

57330 1bs.
70119 1vs, (31.8¢%)
1274409 1vs.,
125 mph (200 kmh)

Russlan ER 200
17

(26¢t)
(57.8¢)

TRUCK UNSPRUNG MASS

ER 200

Table 14 '

83 -

Nags DIameter
-Lb-Sec&/In In Conicity Wheelbase Track Gauge
(Kg-Sec?/Cn) (mm) N.D. In (mm) In (mm)
#*
Wheelset 9.7 37.4 1/408-.3¥ QB.‘I 60.0
(1.73)% (950) (2500) (1524)
ffotal Truck 22.8*
Unsprung (4.08)%
. TRUCK SPRUNG MASS
Mass Radil of Gyratlon In. (mm)
Lb-Sect/In TGRR to Truch
(Kg-Sec2/Cm) Roll Pitch Yaw c.E.
Per Truck In (mm) | .
reuck Sprung 1268 38.4% 36.9% 52.9% 19.7 :
(7.43)* (975)% (937)* (1344)* (500)
olster T 5.2t ~ 28.5% 4,98 28.7% 36.3
(.93)* (724)% (124) (729)# (922)
Truck and
Bolster 47.8% 37.8%. 35.8¢% 50.8% 21.5
Sprung -(B.53)¥ (960)% *8gy) (1290)* (516)
ITraction Powered I ~
Fotor
E.M. Brake 3.6% NI
(.64)#
TBUCK SUSPENSION
: Damping Spring Spacings In (mm Dai r S 1 I u
Stiffness emping ng ‘ ) mper Spacings In (mm)
Lb/In (Kg/cm) Ks-Seec/cp) Verticall Verticall
Per Truck Per Truck From TORH Lateral| Long. | From TORR Lateral Long.
P 31000 109%-94h# 82.7 98.4 95.3 98.14
R Vertical . . NA NA
: : (5535) (19%-169%) (2100) | (2500) - j(2u20) § (2500)
1 5 5 :
" 3.2x10 -2x10"F  51#-32000% 18.7 98.4 18.7 98.4
Lateral 5.71103-3.6 ( 9%-5700%) NA NA .
A x10%% (475) (2500) | (475) (2500)
R LIPS )
I 3.2x10 -2x10'F  51®-32000% 18.7 82.7 18.7 82.7
¥ Long. 3 .. NA NA
(5.7x102-2.6 | (9%-5700%) (475) | (2100) - (475) - | (2100)
x10°%*)
S K
g Vertical £850 b3zt NA 82.7 0. A 117:3 -0,
c (1045)° (73 (2100) (2980)
3200 L45%-436K 37.4% 0. 36.2% 19.7
o . ) .
taterall  (sm) (268-7E8) tosoye | M (9zo)s | NA (500)
H : -
D L 58660-16.3x10% 120¥.51800% 24.6 | 108.3 24.6 108.1
ong. N NA -
A (10500-2.9 . NA
(22.1-9200%) (625) (2746 625 6
. 1ot 746) (625) (2748)
~ Stiffness Damping Frietlonal Reostraint
Y In-Lb/Rad Lb~Sec~In In - Lb
(Kz-Cm/Rad) | (Kz=See~Cm) (Kg = Cm)
Roll NA NA HA
) 1.8 x 10°% to 9. x 109%
Yau liA NA - .
2.1 x 109% to 10,4 x 1020 ) |




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

P-1I1
STU20 1bs,

104370 1bs,

See’ Table 17

(12.4¢)

TLO50 (34.9t)

(47.3¢}

120 mph (193 kmh}

TRUCK UNSPRUNG MASS

P - IIT

Table 15

l‘;iais Diameter
Lb-Sec</In In Conicity Wheelbase Track Gauge
 {Xg-Seo2/Cm) _ (mm) N.D. In (mm) In (mm)
heelset 8.9 36. 1720 10?' 56.5
. (1.6) (91%) (2591) (1435)
froval Truck 17.8
Unsprung (3.2)
. TRUCK SPRUNG MASS
Mass Radii of Gyration In, (mm)
Lb-Seel/In . : TORR to Truc
(Xg-Sec?/Cm) Roll Pitch Yaw c.g.
- Per Truck . In (mm)
[Pruck Sprung 9.8 3i.5 19.1 $38.1 18.6
S ) (800) (485) (968) (u72)
. . R 26.
Bolster r.9 37.2 8.7 . 3 3
. (1.4) (945) (221) (950) (668)
’l‘ruck,hand : ¥
olster 17.7 EA T LT 15.8 37.8 22.2
prung (3.2) (873) (402) (960) (564)
Traction
foton Unpowered
E.M. Brake NA
TE}UCK SUSPENSION
’ Damping Spring Spacings In (mm) Damper Spacings In (mm)
Stiffness Lb~Sec/In
Lb/In (Kg/Cm) (Kg-Sec/Cm) Verticall Vertical
.__Per Truck Per Truck From TORF] Lateral| YLong. | From TORR Lateral Long.
L 645000 357% to 1000% 46, 102. 46 102
R Vertical . NA NA
] (115164) (T7% to 216¥%) : (1168) | (2591) (1168) | (2591)
I =
M 4100000. 340%*-8500% 18- 102. 18 102
Lateral NA 373 .
A (732051} - (61%-1520%) (4s7) (2591) (457) (2591)
| R 1180000, | 183*-is70¥ .18, 16, 18 16
¥ Long. . r_816H . NA . NA
(210688) (33#-816¥) (457) |(1168) (457) | (1168)
s : 3700 240 90. . o. 87. 0.
£ Verticall NA NA .
. (661) (43) (2286) (2210)
CI .
. 3000 200 4o, 0. 29. . 0.
% | rateral : NA ’ HA
N (714) (36) (1016) (737)
b 25000 78. 20. 108. 20. 108.
A Long. NA NA
(446h) (1‘1_) (508) (2743) (£08) (2743)
R Stirfness Tampin;i Frictional Restraint
v In~Lb/Pad Lb<Sec-In In - Lb
(Kg-Cm/Rad) | (Xg-Cec~Cm) (Ke = cm)
Roll NA NA HA
Yaw ‘NA Hl\v -9 x 109
(1_x_10%)




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

U8I Metroliner
See Table 17
BYNG 1bs. (21.4¢)
1082005 1bs (4T7.7¢)
152451 1bs (69.1t)
160 mph (258 kmh)

TRUCK UNSPRUNG MASS

Metroliner

Table 16 -

<
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Mass Diameter
Lb-Secs/In In Conicity ¥heelbase Track Gauge
(Kg—Secz/Cm) (mm) N.D. In_(mm) In (mm
Wheelset 12,5 36. 1720 102 56.5
(2.23) (914) (2591) (1435)
[fotal Truck 29.1
nsprung (5.20)
. TRUCK SPRUNG MASS
Mass Radil of Gyration In. (mm)
Lb-Sec</In TORR to TrucH
(Kg-Secz/Cm) Roll Pitch Yaw c.g.
Per Truck In (mm)
'ruck Sprung 25.2 24.6 31.2 - 37.5 20.3
(4.50) (625) (792) (953) (516)
Bolster . 6.9 37.2 8.7 37.4 27.6
" (1.23) (945} (221} (950) (701}
Truck and
olster 32.1 %gég) 28.1 ‘37.5 21.9
Sprung (5.73) (714) (953) (556)
Traction 10.8 1
Motor (1.93)
E.M. Brake NA
o ""'TRUCK SUSPENSION ‘
Damping Spring Spacings In (mm) Damper Spacings In {(mm)
Stiffness Lb-Sec/In -
Lb/In (Kg/Cm) (Kg-Sec fm)- ° | Verticall | vertical
Per Truck Per Truck From TORR Lateral| Long. | From TORR Lateral Long.
P 109000 260 - 79 .}° 57.5 79 102
v NA
r | Vertieall igug0) (46.% £2007) | (1461) (2007) | (2591)
1
. 55800 260 18 57.5 18 . 102
M1 Lateral NA : 1 wa ;o
R areratl  (ss63) (46.4) wsny | - (1461) (457) (2591)
B 55800 260 18 79 18 79
¥ Long. s HA NA
(9963} (46.4) (157) (2007) (4573 | (2007)
s 7740 115 92 9 0
1 NA
g | Verties (1382) (20.5) (2337) | - © NA {2515)
c .
. 86 17 . 39 k 37
0| Lateral 33 ’ : NA 0 NA 0.
N (605) (30.9) (991) (9ho)
D . 6 ) 21 108 21 108
Long. 96660 78 NA N N na
A (17259) (13.9) (533) | (2743) (533) | (2743) |
R Stiérness Damping ¥rictionzl Restralnt
In~Lb/Rad Lb-Sec-In In-Lb
¥ (Kg-Cm/Rad)_|_ (Kg-Sec-Cm) (kp-Cm)
Roll NA NA& NA
NA 1.7x10°-8,5x10°
Yaw NA (1.96210%-0.8510%)

r



4,3 Car Data

Car hody data for each high .speed truck in Section
3.2 are provided in this section, The data are organized
in a common engineering format and include such parameters
as body mass, radii of gyration, geometry, and the first
flexible car body frequency. These data are presented
in one line of the table to enable comparisons to be
made by looking at the the table.

The car center of gravity unless definitely specified
was assumed to 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

PR S
CAR BODY PARAMETERS
Dimensions In. (mm)
. , Car
M?f(;_ls‘g;g%z{l" Radii of Gyration In{mm)| Longitudinal Lateral Vertical giggt

Car Truck . . Car Truck Car TORR To TORR -Car gigiigig
Type Type RTR Seated Crush Roll Pitch | . Yaw Length | Spacing|  Width Floor | To Cg.| Height Freq.Hz.
French 11816 | 210.7% | 239.8% | 63% 306* | 306% [1039.4 748.0 | 111.2 42 ‘g1.5% | 118.4 8.5
A - 2 G | Grees (42.8%) [(1600)* (7772)* [(7772)% | (26400) ] (19000) | (2825) [ (1067) | (2069)4 (2990)

Eurofina | FIAT | 171.2 2004 228.8% 63 306% | 3064 1039.4 748.0 | 111.6 42.5 81.5% | 116.9 8.5
A6  |eurofa | (30.6) | (35.7)% | (uo.8%) [(1600)% |(7772)% [(7772)% | (26k00) |(19000) | (2835) | (1080) | (2069)9 (2970)

French 216.8 239.8% 262.8% 63¥% 293% | 335% 1003.9 712.6 | 111.4 .7 80.9%| 117.7 10%
a8ty Y28 (38.7) ('32-8‘)' (46.9%) [(1600)* [(7uu2)* {(8509)* | (25500) | (18200) | (2830) | (1060) | (2056)9 (2990.)

Japan - {1940 222.3% 250.6¢ 68% ©284% | 284% | 984.3 .689.0 | 133.1. 39.4 78.8% 1181 6.1
NTL 07200 (34.6) | (39.7)% (hy.8%) (if27)* (721&5"(721u)' (25000) | {17500) |(3380) (1000) { (2001)4 (3000)

French [ 169.5 | 1981.1% | 226.7% 63 296% | 296 1004.3 651.2 | 115.4 41.3 55.1 | 102.4 10
m’c"éilfr reed (30.3) | (35.4)# | (H0.5%) | (1600)*% [(7520)% |(7520) | (25510) | (16540) |(2930) | (1050) | (1400)| (2600)

German 183 # 205.5% 228#% 61% 312% | 312% | 1069.3 748.0 | 110.0 51.1 89.1% | 114. 9
ET 403 HA (32.6)%{ (36.7)% (50.8%) [ (1549)% |(7925)% (7925) -{ (27160) [ (19000) {(2795) (1300) | (2263)% (2900)

ltaiian 2 1040 188.3 | -211.1 "216.9% | 59, 5% 314% _314" 1078.7 71?.5 113.0° 42.3 77.6%] 105.9 10%
ALE 601 (33.6) (37.7) | (38.7") I (a511)% [(7976)* |(7976)% | (27400) | (1B200) | (2870) | (1075) | (1971)4 (2690)
|French 108 134.7% 161.4% | 59 w' | 203.%] 203.% | 720.5 720.5 | 110.7 39.4 70.9% |- ou.5

TGV ¥-225 6®-10%
Trailer (19.46) | (2u.05)% | (28-6%) ) (3u99)% |(5156)% [(5156)% | (18300) | (18300) | (2814) | (1000) 8o1)q (2400)
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Table 17, Continued

.CAR BODY PARAMETERS

‘Dimensions In. (mm)

Metroliner Mass

Excludes Transformer - 32.0
(5.7)

. : ’ Car
Mass Lb-Sec?/In . A : , Body
(Kg-Sec2/Cm) . . {Radiil of Gyration In{mm)| Longitudinal Lateral Vertical . First
K . . : . : Vertical
Car Truck : o Car Truck Car | TORR To TORR Car Flexitle
Type | Type RTR Seated Crush Roll Pitch | . Yaw Length | Spacing| Width Floor | To Cg.| Height |Freq.Hz.
French 6 256.8 | 302.4* 348, » 63% 3234 323% 1102.4 685.0 112.2 42.3 81.7* | 118.1
¥-22 ’ T - . , 6B
Z 7001 5.9y | (50.00% | (62.1%) | 2600y [(820u)0 [(820u%7| (28000) | (17400) | (2850 |(1075) |c2075)%|(3000) i €F-1O
Canadlan otaned 1263 | 1962 235.9% | 55% 294% | 294% | 1020.0 | 714 125 &2 75 39 .
ofasc . . . .
LRC (27.9)] (35.0) (42.1%) | (1397)* | (7u68)*f(7468)*| (25908) | (18136) | (3175) | (1067) | (1905) |(2515)
English 122.1 | 155.2% 188.3% 51# 268% 268% 1 905.5 630. 103:1 ho.9 784 112.1 1o
HST BT 10 ) ) .
| rark 111 . (21.8)] (27.7)* (33.6%) | (1295)% | (6807)*|(6807)*%| (23000) | (16000) | (2620) | (1040) | (1981)*| (2848)
Russian 181.5 | 218.1 254, 7# 648 1 208# 298# 1023.6 | 40.2 121.3 148.8 86.6% | 113.4 8.3
ER 200 (32.4)] (38.9) (45.4%) | (1626)% | (7569)%] (7569)#) (26000) | -(18800) | (3080) | (1240) | (2200)*| (2880) )
Serman | Minden| 160.9 195.2" 229.5% 61* 303% 303% | 1035.0 788, | 115.2 9.5 B6.1¥ | 110 B.75 ©
Mainline| Deutz . .
Coach (28.7) (3“-9){ (41.1%) | (1549)% | (7696)*| (7696)%f (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)| (42.5) (49.5) | (1575)% | (7569)% (7569)*| (26010)| (18136) ] (3200) | (1341) | (1913) | (2565)
Metro- | GSI 272.3 | 307.7 343.1 45 299 297 [ 1020 | 724 126 50.75 62.4 | 161 6.8 to
1liner (u8.6)| (48.6) (61.3) | (1143) | (7595) | (7544) | (25908) {(18136) | (18136)| (1289) | (1585) | (2565) 7.5



INFLUENCE OF TRUCK SUSPENSION PARAMETER
VARIATIONS ON RAILCAR DYNAMIC RESPONSE -

The influence of truck suspension on vehicle dynamic
response 1is characterized by the changes in natural fre-
quencies and associated modal dampings of the vehicle
dynamic system associated with changes in the truck sus-
pension 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) 1Individual 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 rigld car bouncing on the primary and secondary
vertical suspensions in series (the car bounce fre-
quency).

(4) A1l 15 cars have the two lowest resonant frequencies
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 frequencies are all between, 0.5
- Hz and 2 Hz. These frequencies are controlled to a large
extent by the secondary vertical and lateral spring stiffnesses.
A 10% change in secondary spring stiffness will cause between
7% and 10% change in overall vertical stiffness (between 3.5%
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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 frequencies above these resonances. Sufficient
damping must be provided in these modes to control the re-
sonant car body accelerations, yet the damping should be
moderate since 1t 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 -available, the moddl damping at the car bounce fre-
quency is between 13% and 20% of critical damping. The car
bounce modal damping is largely controlled by the damping
in the secondary vertical suspension, and this damping is
higher than 1t would have to be if it were connected from
car+body to unsprung mass.

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

- ' 2
% of Critical c ( ks ) 2 CS( kp )
Damping D kp + ks kp + ks
2m  Wm
Where Cp = Vertical damping in primary suspension,
1lb sec .
in
Cs = Vertical damplng in secondary suspension,
. lb sec
! in
kp = Vertical stiffness in primary suspension,
1b
in
ks = Vertical stiffness in secondary suspension,
1b
in
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Mass of 1/2 the Car Body, 1lb sec 2
in

m

1

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

Several important low resonant responses above 2 Hz are
associated with the truck mass between primary and secondary
springs and the car body as a flexible structure. There are
two degrees of freedom 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 i1s 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 thah
3 times the car bounce frequency. Therefore, the subsystem
resonance is close to the corresponding total system resonance
provided flexible car behav1ov is not significant at the truck
bounce resonance. ,

In 10 of the 15 cars, the car lowest resonant frequency as
a free beam in space is between 1.2 and 2.0 times higher than
the the truck-bounce frequency. Thus, in these cases it is
counled to.the truck bounce freguency. The Italian Z1040 has
a ratio greater than 2.0. For two vehlecles the car frequency
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was unknown. The AMCOACH and Metroliner have truck bounce
frequencies of about 26 Hag, and car body free beam resonances
of about 7 Hs and 10 Ha, respectively, which is in the range
of the other 13 car bodies. The relatively high truck bounce
frequencies distinguish these vehicles from the other 13.

The Metroliner has a power transformer equal to about 10%
of the car body welght 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 mode.
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
1s 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 %o
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
contrel 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 1ts coned wheels., The damping should
be maintained at a level sufficient to maintain stability while
being low enough .not to cause flanging on curves.



RECOMMENDATIONS

. It is recommended that tests be performed on any or all
of the high speed trucks included in this report or that
communications be extended to the countries involved. Either
method wlll enable the data extracted from the references to
be verified, the engineering estimations where asterisks ap-
peared in the table to be substantlated and the areas where
reasonable engineering approximations could not be performed

to be completed.
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APPENDIX A

Report of Inventions

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

Photographs of High Speed Trucks

This appendix contains photographs of the fifteen selected
125 mph high speed trucks, courtesy of these publications:
Chemins de Fer, French Railway Techniques, Rall Engineering
International, and Railway Gazette International.

Pictures of the Z1040 and BT10 truck are representative
of them, but it is unclear from the literature if they are
the actual trucks. All the other pictures contained in this
appendix are the actual trucks.
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