Basic Rail Vehicle Suspension
Parameters



Rail Vehicle Suspension

Agenda
® 3 primary suspension modes
® Freight Cars

® Springs and friction dampers

® Yaw mode and truck warp
® Passenger/Transit Cars
® Springs and dampers

® Lateral suspensions

[LLocomotives



Primary Role of Suspension

® 1. Absorb vertical and lateral road shocks from
perturbations in the track. Springs are used to
slow down the accelerations over time, and
store the energy.

® 2. Dissipate the energy stored in the springs to
prevent it from amplifying the motions of the
road shocks and returning the energy back to
the car. Dampers are used to dissipate the
energy.



Energy Storage in a Spring




Typical Motion response of
An undamped spring

Displacement

Velocity

Acceleration



Motion Response of a damped spring
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Vehicle Suspension Elements -
3 Principal Modes

®Vertical Suspension

® Lateral Suspension

®Yaw/Warp Suspension



Vertical Suspension
® Freight Cars

® Secondary suspension springs between truck frame
and bolster

® Friction snubbers between frame and bolster

® No Primary suspension
® Passenger/Transit Cars

® Primary suspension between wheelset and frame

® Secondary suspension between frame and bolster,
or frame and body

® L.ocomotives

® Primary and secondary elements



Major Bodies

Freight Cars

o0 Primary Suspension




Spring: An energy Storage
Device
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Damper:Dissipates Energy
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Springs and Dampers
Working in parallel
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Major Bodies
Passenger Vehicles

Carbody

4>Se(:ondary suspension supports carbody
———— Bolster - swivels on truck

<+—=Truck frame - holds wheels in place

; Primary suspension - lets wheel

sets move up/down in frame
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Major Bodies
Passenger Vehicles

Carbody

Secondary suspension supports carbody

bIster
N

*—Truck frame - holds wheels in place

; Primary suspension - lets wheel

sets move up/down in frame
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The Standard 3-Piece
Truck: A long history of
design improvements
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SURFACE

Bolster and
Sideframe
Interface Area

SLOPE

SLOPE
SURFACE

FRICTION
SURFACE

1. RIDE CONTROL SPRINGS
2. FRICTION SHOES
3. INCLINED SLOPES
4. SIDE FRAME FRICTION PLATES
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Nominal Wedge position above top of
bolster

—
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Wear occurs on these
4 Surfaces
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Wedge Rise above top of bolster due to
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AAR Rule 46 (2007)

® Developed to address both friction casting
front face wear, and total friction casting rise
above top of bolster. Rules applicable when:

® At any time of inspection
® When car is on repair track

® Rule 46 also addresses gib wear, centerbowl
clearance, and column plate wear
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Common Friction Casting
(Wedge) Designs
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RIDE CONTROL BARBER S-2
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Worn Out Friction Castings (Wedges)
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Ride Control Design

>1 13/16” (~1 34")
Condemnable Per Rule 46
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Barber Design

> %," Generally Condemnable
Per Rule 46 (Check Rule for
exceptions!)
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Barber Variable Damped Trucks - Allowable Wedge Rise
AAR Rule 46

Be Careful!!
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/87-C Wedge
2" Wedge Rise
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Barber Gage

Ride Control
Gage
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Assoclation of American Rallroads
Mechanical Divislon
Fermar I Manua! of Standards and Recommended Practices

FREIGHT CAR D5 TRUCK SPRINGS
TOTAL TRAVEL 3-11/16 INCHES
Standard
9.335.78
Adopled aa Alternate Standard 1947, Revised 1963, 1978
Advanced to Standard 1964, Corrected 1965, 1870, 1977
Spring Marking-D5 (Adopted, 1958)

1

SPRINGS TO CON-
O FORM TO ALLOY
STEFL LSTING N
A AR SPECIFI.
CATIONS M-114
LATEST REVISION,

NDS

AT 2200

DEFLECTION-FREL TO SOLID = 3'},* DEFLECTION.FALE TO SOLID = 3% "
BOLID CAPAGITY = 3244 LBS. SOLID CAPACITY = 4104 LBS.
LEFT HAND WINDING RIGHT HAND WINDING
ENDS TAPERED AND SQUARLD INDS TAPLRID AND SQUARED
LOAD FER K.* DEFLECTION = LOAD PLR W,” DEFLECTION =

140.1 Lo 701 Las.

*THE MEIGHT TOLLNANCE MAY BE CONVERTED TO A PLUS DR
MINUE LOAD TOLERANCE BASED ON THE NOMINAL SPRING AATE.

HOTE — 17 1% O THAT CARS EQ WITH TRUCKS
HAVIHG TWISE LONG TRAVEL SPFAINGS BE ATENCILED AY FOL.
LOWS ON EACH END OF CAR WITH FIGURES AND LETTERS 2
INCHES HIGH! 3PRO. DY.
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Spring Groupings
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Count Springs; Verify Type;
Verify Inner and Outer Springs;
Check Free Height
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AAR Designated
Spring Groups

-OUTRES [ ) S=OUTHS (S ] S-CUTRES b5
AN [ 3 ] Rl L [+ PR IR [
JALe ST FEYI [ EPCTE PN [ 317
WYIGHT AIR CAR SI'T
e Gt 487 555 545
SOUD CAMCITY (Lis) 67787 68257 67802

6" X 11"
JOURNALS OOOOO 98%: -

&8

h-outmes oy |raumnes Ot rourtess D-3
CRL L TN (&3 ] e L 159 O ednml s b-%
H‘A'.lLl 2-+41 '.-’-l_ul @-414 Ii-i-l.vl [ P)
WYIGHT PIR CAR SIT
&-GROL m:.& Y 580 653 670
SOUID CAPACITY (LIG) 84522 83477 83960
6-1/2" X 12"
JOURNALS
2-OUTENS o3 2-0UTENS s rouTeRs D-3
31 AR S o1 J-inans - J4nmL S b5
2210 ez |2410¢ B-432 135102 B-41]
WEIGHT PIR CAR SIT
&-GRL ',3:_& Y 402 431 452
SOLID CAPACTTY (LRG) 97366 97209 96572
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Left Side;
Missing corner inner coils
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Right Side
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Spring showing sign of fatigue/set
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Checking Free Height
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Broken Spring
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Solid Spring — Indicates Excessive Rock/Roll
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Truck Frame Y L,
. g dR/ )

wing Hanger Bushings

Primary Suspension

Pedestal

Tie Rod
Bolster

-
£

'é!‘ 5“3_".
NS 7
LT OO s ’
4 M Equalizer
* Swing Hanger
A
TRYCK _ARRANGEMENT.

Side Bearings

Secondary Suspension Y

Spring Plank
General Passenger
ruck Components
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Equalizer

Spring Plank

Basic GSI 70 Suspension
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Equalizer Springs
Primary Suspension

/Truck Frame

@ Equalizer Bar
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Secondary Suspension
Spring Plank

Equalizer Springs
Primary Suspension
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Air Spring
Secondary Suspension
Between Bolster and
Car Body
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Amfleet Passenger Car Trucks

Primary suspension

/ at each journal

\ Shock

Ring
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Amtrak Superliner Car

Wagon Union Truck




Amtrak Superliner Car

Primary Suspension



Secondary Suspension

- -

Amtrak Saperliner Car
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Locomotive
Suspensions
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Secondary Suspension
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C Genesis Trucks
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Dampers

Mostly hydraulic or friction style used on passenger cars
Used to absorb lateral and vertical shocks from track
® Dissipates Energy from spring suspension

Restores ride quality

Courtesy Koni Company

Copyright © 2
59



Hydraulic Dampers -
Construction

Courtesy Koni Company
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Typical Transit Car Vertical Suspension showing
Hydraulic damper in parallel with Air Spring
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Friction Dampers

Courtesy Vibratech Company
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Dampers - Inspection Items
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WORN BUSHINGS

Will make shock sbearbers
noisy aad raduce their
effsctivanast,

BODY DAMAGE LODSE DUST SHIELD
Large dents in the shack ab- Will cause noise and may
s0rber v )) cousa the unit turther demage tha unit
ta detariorate.

LEAKING FLUID
Will maka shock absorber
(osa eftectivenase
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Lateral Suspension




Lateral Suspension

® 3-Piece trucks have relatively poor lateral
suspension characteristics, relying primarily on
shear stiffness of load springs and friction
damping due to wedge motion

® Passenger/locomotive trucks have improved
lateral suspension relying on both swing
motion of the bolsters, shear of the secondary
springs, and bump stops. In addition, lateral
shock dampers are used.
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Lateral Bump Stops
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Bolster & Lateral
Bump Stops

1” Nominal Bolster Stop to Body
clearance; +1/4”, -0” tolerance
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Lateral Damper s S Air Spring

Side Bearing

Lateral Secondary Suspension Elements of typical
Transit Car showing damper and air spring. o
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Swing Motion
Truck




Swing Motion
Truck

— Sideframe

Bolster

— Spring Plank
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Rubber Chevron Spring Secondary
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Leaf Spring Secondary
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Lateral Damper
I Secondary Suspension
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Yaw/Warp Suspension

Warp Stiffness
iIdeframe to Bolster /

\ '

Warp/Yaw Stiffness
Wheelset to Sideframe
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Yaw/Warp Suspension

Warp Stiffness
Sideframe to Bolster
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Yaw/Warp Suspension

Warp/Yaw Stiffness
Wheelset to Sideframe
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Yaw/Warp Suspension

® Yaw/Warp Stiffness influences two primary responses
® Hunting (high speed stability)
® Truck Warp (Curving)

® Freight Cars depend on the friction wedge system for
warp stiffness

® Passenger cars are normally rigid frame possessing
high warp stiffness, but typically possess lower yaw
stiffness
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Outer :

Side Frame

90 Degrees
Truck Hunting e i
Lateral Instability =— ;*

Friction Side
Side Frame Wedge Spring Frame
Column  Friction Truck Bolster
Wedge /

/.
Wedges Help to C\%gw
Keep Truck Square
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Hunting Speed Response
Hunting Severity

Critical Speed for
Hunting Prone Cars
BH, ET, EF, EG

Lateral
G's

o Critical Speed for
Most Cars

Speed MPH

10 20 30 40 50 60 70 80
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Truck Stable
Remains Square

—

l
[ T

—

Friction wedges
Provides squaring
force

Copyright © 2

Truck Hunting
Bolster sideframe
Out of squar

Friction wedges worn
providing no
squaring force
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Truck Warp Restraint

Ideally, a truck should
remain “Square” during
curving to allow radial
alignment of wheelsets

with curve
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Barber Frame Brace Truck
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ASF Motion Control Truck
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Barber Stabilized S-2 M976 Truck
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