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Evaluation of Characteristics of Cord Reinforced Air Spring for
Railroad Vehicle
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Abstract

An air spring which is a part of the railroad vehicle suspension system is used to reduce and
absorb the vibration and the noise. Main components of the air spring are a cord reinforced rubber
bellows, a upper plate, a lower plate and a stopper rubber spring. The characteristics of the air
spring which are the load capacity, the vertical and the horizontal stiffness are determined by the
configuration of the rubber bellows, the angle of cord, and the mechanical properties of cord.
Computer simulations using a commercial finite element analysis codes are executed to predict and
evaluate the load capacity and the stiffness. The appropriate shape and cord angle of the air
spring are selected to meet the required specifications of the air spring. Several samples of the air
spring are manufactured and experimentally cvaluated. It is shown that the results by computer

simulation arc in close agreement with the test results.
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Fig. 1 Bellows Type Air Spring

110 / stz & =sts/=2% / NB8H /| X35 / 20004

3. B7|2=2o Folidy

3.1 pR waexo gz

B 423 ply)ol AR Atk nP W2
Sz YA b= 3 Yo golg st
FARTE Wy A Ade 22 FAE 8

2 mdgsigon, 84 b+ full-Herrmann
formulation quad 82(node 4)2 AM&3&HU. H
Fi=v YA rebar Q.24 (axisymmetric rebar
element)E T Hl PP 24 =+ 5707, 4
Hae 530/t WY HE ML 231
004 e Apol Wikl 349 4 R
2% olgsfe] mualanh

Holo o
flo :E tlo o
. o

o

flo

&

T
o ru

£33 QH2]. BAR=e AgHFL Y
A BAASGE 186 kg/mm® ol %
030lth. Wz =e RAIE AL
NFESZ 10°) A 30°7pA] WA 7o,
lato] A EE bead wire R E ¥
AN ae mdgsig

Fig. 2 Axisymmetric Finite
Element Model



Ad

gy mods) Z7|Axg] §dy

m
R

7t

. . Subroutines E3f 3 vil6], ABABAQUSH
O N ABE 24 oj&stal a7

il
O

FA2ZE e A 2 3/} A GAE vy
- of FyPEh 1A GAle FVIAEYe 2V
Fig. 3 3D Finite Element AanAe sy, F wlA me - )R 9t
Model o AL WA, aela shARte s
3.2 ZIle4o poE 7 wge A4 4 AR el F

oA 62 Hud 2de o8¢ 3744 %fi
W ASS BoFa o, o By armzd
B i 307olth

o

_4_4

z2
)
L
»
9
5
X
e
b
o
T
{
ot
o
A
N
a3
R
2
oW
e

P {p=p)A i
e "’y pe BUI%E AT FAG
wiReloh 2rlazg el ZUE olaridR
spashA o el Ayt

. N Fig. 4 Configuraion of Initial
pe= bt 2 Setting

ol 2[A, web pE Ao g I Shel A

o) guiRdeln, yi EUEES A5z 4 "
wish Al 10, FA g 5 ad

»\
o
2
>
2
>

,
i
o -

A
~0
o~
o
Cps
2
rE

% 0
2,
hLs
Ol
~N
I
I
i
fo

ok,
i)
Hox N

N
ol
—
o
)
U
at
o
e
-7
42
'l
=
Sie
L
~
o
2
1
Z

3

Fig. 5 Configuration under
3 kg/cm®

o
-~
1
By

Y
-

p
_.AJ
_i
'r‘ :
:i
%r

§

- o

oF,

o%

£

[N

A

7}5} 7 -Aa}}}i ()41)0 01%6‘}0%
]

o
a4 <o o
50

f

o
L
)
L

o

o 1

o
i)

2
&1

i

iz
o

E
o -m
Y

w0

[

=

SR

2 K
O

o}

had

e

iy

—-0
e

(

[
9
2

O
o
o
L
p=3
2
clo
I
Mo N &

i
:
|
S
B

SR
o

~fu

>

.
I N o
& 9E dEe g

-
s
X,

1

i
Ay

2ol weo v AN MARCS} A User Fig. 6 Configuration of
20mm Stroke

BIRE TS =28 [ H3H / X3 /2000 / 111



22F - 54 - of

I

- UM - UET

Fig. 79x= W& SFg wsle] w2 $3)x
Adts e BAAFe Uy 449 1, 2 3,4, 5
kg/cm® 3ol A] MARCS} ABAQUSE o] &3 &)
A B A9 fAHE 3 YERIATH s Ao A
T3 e HA AAFE o)&sd SHE @
F 9o 1

rf

H ;

= 8- } ]

= ! |

H 1 i

EEE 1z —a—MARC N

Py I —&— Spec 3

—u— Experimental Test
—y— ABAQUS

T T
4 5

~
w

Internal Pressure [kg/cmzl

Fig. 7 Diagram of Pressure-Vertical Load

Mg s8stgr}. Table 164 B u}
7Y A&7 10° X zolrt e F
AR A FANE AL W37t A

Table 1 Vertical Load for Rubber Hardness

Vertical Load
Hardness {Cord Angle 30°)
50° 7315 kg @ 3 kg/cm’
60° 7310 kg @ 3 kg/cm*
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Table 2 Effects of Cord Parameters

Flastic Modulus 100 kg/mm* | 186 kg/mm’
T

Diameter of Cord | 0.55 mm | 0.65 mm | 0.55 mm | 0.65 mm

Angle of Cord 10 | 30 | 10 | 30 | 10 | 30 | 10 | 30

Vertical Load (kg) | 7086|7040{7128 6910170326966 | 7016|6942

Vertical Siffniess |50 6 (363 1404 | 36.4(39.0 367|390 | 36.8
(kg/mm)
Horizontal
3469 |80 [185] 46 |224(11.0 | 206
Stiffness (kg,/mm)

(a) Vertical Stiffness

Fig. 8 Effects of Cord Angle and Elastic Modulus

(b) Horizontal Stiffness
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Table 3 Vertical Load for Various Sectional
Length

length | vertical

Configuration (mm) |load (kg)

Fig. 9 Effects of Cord Angle and Diameter
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Fig. 11 Manufactured Die of Upper Plate

Fig. 12 Manufactured Die of Rubber
Bellows

Fig. 13 Test Set-up of Vertical Stiffness
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Deflection versus Vertical Load
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Fig. 16 Vertical Load vs. Pressure
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Fig. 17 Vertical Stiffness vs. Pressure
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Table 4 Pilot Model Type and Vertical Load under 3 kg/cm’
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Hugilgl(éord max. coforgrsln]ge after le;egcttll\(()rrxlxﬁ N cord( r?]lr%r)neter vertical load (kg)
10° 16° 374 0.65 7325
10° 16° 414 0.65 7750
10° 16° 414 0.55 7500
20° 33° 374 0.65 7150
20° 33° 424 0.65 7600
20° 33° 434 0.65 7750
30° 52° 424 0.65 7000
7 11° 414 0.55 7700
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