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Influences of air spring models on dynamics performance of railway vehicle

WU Xing-wen, CHI Mao-ru, ZHU Min-hao, ZENG Jing., YANG Fei
(State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, Sichuan., China)

Abstract: The equivalent model, linear model and nonlinear model of air spring were established,
and the influences of three models on the ride comfort of straight track and the safety of curve
track were studied. Analysis result shows that the accuracy of equivalent model is smaller for the
calculation of ride comfort of straight track, but the linear model and the nonlinear model can
provide better accuracy. The linear model is simpler than the nonlinear model, therefore, the linear
model is suggested to be adapted for the calculation of ride comfort of straight track. Since the nonlinear
model of air spring can reflect the dynamic performance of air spring and provide better accuracy
compared with the linear model and the equivalent model, therefore, the nonlinear model is
recommended to be used in the safety calculation of curve negotiation. 12 figs, 15 refs.

Key words: railway vehicle; air spring; equivalent model; linear model; nonlinear model; ride
comfort of vehicle; vehicle safety

Author resumes: WU Xing-wen (1988-), male, doctoral student, + 86-28-86466243, xingwen wu (@
163. com; CHI Mao-ru(1973-), male, researcher, PhD, +86-28-86466243, cmr2000@163. com.

:2013-01-21
. 7 (2009BAG12A02) ; 973 (2011CB711100) ;
(NCET-10-0664) ; (IRT1178)

(1988-),

(1973,



% 2 XA F ZARERASRE M3 F RN TR 95

[4-6]
R ; R
2] ;
3] .
' 2
A Fig. 2 Linear model of air spring
b b 3
1
P, =—F,/A. (@)
L1 K, = n(P, + P)A./V, (2)
' K, =V,K,/V, (3)
' dA,
, ( D, 1 K Ky == P 2 “
id ; F, ;s Py
pa o ,Pa ;Ae
| 9Vb 7Vr
I n o
1.3
3
K N N
tj d [515) 3 D,
3 L ;db
I s .
1 ?F
Fig. 1 Equivalent model of air spring .
e vwm
|
(
)6
1.2 ,
’ ’ Fig. 3 Nonlinear model of air spring
[7-10] s 20 F
2 K, K, F = P,A, (5)
;Ks
;K4 ;dz \dS N ’ [13-15]

d4 N ° Pg/Po — (VbO/Vb)” (6)



56 X @ & H I £ F R 2013 #
v, — Acdz+%dz—Aldxl %8
V, = Vi, —l—rAedz—l—r WV e — Arde, () : ;
0 o dz
A= A, + ey 1.4
dz
3
:Po ;Vbo
s Simulink
5A1 Ve
A s SIMPACK  Simulink
’ e0 i 40
’ SIMPACK
dA. dv ) ’
Vi, =V + (Ae() + I %+T;)2—Alxl (10) Simulink .
(6) (10)
Vi g ’
P=P, dA. = dV,\ an ;
Vl,0—0—<Aeo-|— o= 2 -+ &= )z A x o .
S O gt
25 9 i
] CO|mm=sEn
SREEELE I* -
A\ - T ip %
|I \/! &/
1 2 ifi #92
"IN .- HLE
B e
xke
Il 1 II‘ 1 —<K- R E S
4 3 e R 4 B 5 o i FE
. == =
b e Rkl i 1% FE im 3% FE
4 Simulink
Fig. 4 Simulink simulation model
A 0 3
CEYX T 3
% i1 1 4R
9
1.1 °
3 FSimulinkf) % 41 200.,250,300,350 km « h!
0 3 55 0 R .
5 R 6 , 7
Fig. 5 Co-simulation model R
2.1
300 km ¢« h!
s , , 3
2 , . 8.9,



% 2 XA F ZARERASRE M3 F RN TR o7

1.0 |'
g
&
)
B
_0.3 1 L J
15 30 45
B [8)/s
(a) WHBH
1.0 -
6
Fig. 6 Roller rig test of vehicle -
g 10 g
é 5 I\ | \ . ;%
5 I,“.‘ :".'"W .1- I [
X 9 “ﬁ':ﬂ\"#'\;r"{‘a"i»'] 'J‘J‘LWWM ‘ B
= —ST | !
=
"*_IU: 1 1 1 1 1 1 i
0 1 000 2000 3000 4000 08 0 15 30 45
118 #E B/m B fAl/s
(a) i@ (b) ERiEME
E 10 : . 1.0 -
& ; I HI Il'rﬁ‘”iﬁr" WU ,M B\ iﬁl'\h“ dwn lwhi
B Y T T T L W g .
K -5 | IT " 1 04
=19 .
= z)
= 15 L 1 i ] =
0 1000 2000 3000 4000 g
il PR B /m g 02
(b) E
7
Fig. 7 Irregularities of track 0.8 0 |l5 ;0 4I5
g , o s
[OREF:1:3. 8.\
8
Fig. 8 Comparison of vertical accelerations of carbody in time domain
0 9 , 0
5 Hz , 1. 50 Hz , \

0 023.0. 058.0. 039 m+ s 3 2 44 Hz

0. 022,0. 055,0. 064 m = s %3 ;
12. 80 Hz . . ;
0. 030, ’
0.014.0. 021 m+ s~ %, ) .
; 2.2
, 11.12 300 km « h!
3 , ( 5 500 m,

165 mm) 3

10 3 11 ,



58 X @ & H T B ¥ R 2013 4
- 0.06 0.05
“ﬂ
£ 0.04
= | %
: 0.04 % snl
E b 4
B ® 0.02
E &
= 0.01
»
E L L L L 1 'l
0 5 10 15 20 0 500 1000 1500 2000 2500 3000 3500
i %/ Hz W ih R /m
(@) SHME ® *any
0.05
~ 0.06F
7 0.04
B
= -
& 0.04} & 0.03f
§ -4
® 0021
E( #®
0.02+
& 0.01+
&
ﬁ 1 L 1 1 1 J
8 0 500 1000 1500 2000 2500 3000 3500
o ’ - o - E L 4K/
#i ¥ /Hz (b) hpmn
(b) HH@E 0.05
~ 0.07F
g 0.06 0.041
5 oost E 0.03}
F o004t
- B ® 0.02f
¥ 0.03f #
E 0.01}
& 0021 :
]
H 0.01 H 1 1 1 1
B 0 500 1000 1500 2000 2500 3000 3500
0 5 10 15 20 Rl oL il 2R 4 /m
M /Hz (c) ALLRHEMB
(c) FRHEME 1
9
. . . . Fig. 11  Comparison of unloading rates of wheelset
Fig. 9 Comparison of vertical accelerations of
carbody in frequency domain
2.0 ’
o b
1 C 12),
#
a b
B 1.6
- —— AR .
s —— R
k —a R
v GRER , ,
1.2 1 I | j
200 250 300 350 400 ,
HE/(km+h™) , ,
10 ’
Fig. 10 Comparison of vertical riding qualities for vehicle °
) ( )
3
b
(D )



%2 M

XA F ZARERASRE M3 F RN TR 29

& 1 7 fa/rad 4% M ¥ fi/rad

% {4 0 7 fa/rad

-0.002

-0.004[-

_0_006 L L L 1 1 i J
0 500 1000 1500 2000 2500 3000 3500

4% il i1 th £ € /m
(a) FHMEY

=0.002}

=0.004

_O.Mﬁ /| 1 | 1 1 L J
0 500 1000 1500 2000 2500 3000 3500

4 i i £ 4 B/m
(b) &K@
0.001-

-0.001

-0.003

1 1 1 1 L J

500 1000 1500 2000 2500 3000 3500

il 4 € B/m
(c) FEHEMT

=0.005
0

12
Fig. 12

(2) ,

Comparison of rolling angles of carbody

(3 ,

References :

(1]

(2]

[J]. +2006,41(6) : 700-704.
LIU Zeng-hua, LI Fu, HUANG Yun-hua. Finite element
analysis of vertical stiffness of air spring system[J]. Journal
of Southwest Jiaotong University, 2006, 41(6): 700-704.
(in Chinese)

, , . Ll

,2003,38(3):276-281.

LI Fu, FU Mao-hai, HUANG Yun-hua. Analysis of dynamic
characteristic parameter of air spring[ J]. Journal of Southwest

Jiaotong University, 2003, 38(3): 276-281. (in Chinese)

[3]

[4]

L7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

L1l ,2007,7(5) ; 15-18,

LUO Ren, ZENG Jing, WU Ping-bo. Influence of air spring on
curve negotiating property of vehicle[ J]. Journal of Traffic and
Transportation Engineering, 2007, 7(5): 15-18. (in Chinese)

. . [J.

,2005,27(4) :36-41.
ZHANG Guang-shi, SHEN Gang. Study on dynamic air spring
model with connecting pipe[J]. Journal of the China Railway
Society, 2005, 27(4): 36-41. (in Chinese)
[J]. ,2010,29(6) :1-3,20.

WANG Jia-sheng, ZHU Si-hong. Experimental study on
influential factors on dynamic stiffness of air spring with
auxiliary chamber[J]. Journal of Vibration and Shock, 2010,
29(6): 1-3, 20. (in Chinese)

. . . APDL Ll

,2007,28(4) :50-54,70.

LI Feng-xiang, YANG Wei-min, DING Yu-mei. Simulation
of dynamic test of air spring by APDL[]J]. Special Purpose
Rubber Products, 2007, 28(4): 50-54, 70. (in Chinese)
QUAGLIA G. SORLI M. Air suspension dimensionless analysis
and design procedure[ J]. Vehicle System Dynamics. 2001,
35(6): 443-475.
DIANA G, CHELI F. COLLINA A. et al. The development
of a numerical model for railway vehicles comfort assessment
through comparison with experimental measurements[]].
Vehicle System Dynamics, 2002, 38(3): 165-183.
FACCHINETTI A, MAZZOLA L., ALFI S, et al. Mathe-
matical modelling of the secondary air spring suspension in
railway vehicles and its effect on safety and ride comfort[J].
Vehicle System Dynamics, 2010, 48(S): 429-449.
BRUNI S, VINOLAS J, BERG M. et al. Modelling of suspension
components in a rail vehicle dynamics context[J]. Vehicle
System Dynamics, 2010, 49(7) . 1021-1072.
SAYYAADI H. SHOKOUHI N. A new model in rail-
vehicles dynamics considering nonlinear suspension components
behavior[ J].
2009, 51(3). 222-232.
DOCQUIER N, FISETTE P. JEANMART H. Multiphysic

International Journal of Mechanical Sciences,

modelling of railway vehicles equipped with pneumatic suspen—
sions[ J]. Vehicle System Dynamics, 2007, 45(6): 505-524.
DOCQUIER N, FISETTE P, JEANMART H. Model-based
evaluation of railway pneumatic suspensions[ J]. Vehicle System
Dynamics, 2008, 46(S) . 481-493.

NIETO A J, MORALES A L, CHICHARRO J M, et al.
Unbalanced machinery vibration isolation with a semi-active
pneumatic suspension[ J]. Jourmal of Sound and Vibration,
2010, 329(1) . 3-12.

EICHOFF B M, EVANS J R, MINNIS A J. A review of modelling
methods for railway vehicle suspension components[]].

Vehicle System Dynamics, 1995, 24(6/7): 469-496.



