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Research on Vehicle Dynamics Performance
Based on Primary Steel Spring Refined Model-
ing

WANG Aibin, LI Liheng, XI Jiaxin

Abstract To effectively simulate the spring load-bearing and
failure states, and to reveal the mechanical performance of ve-
hicle bogie primary steel spring and the impact of primary steel
spring fracture on vehicle dynamics performance, taking the
primary steel spring of an EMU ( electric multiple unit) as an
example, a discrete model method spring refined modeling of
spring mass-parameter vibration is adopted. The theory and
method of spring fine modeling are introduced. According to
the actual spring fracture cases, the static and dynamic load-
bearing law of EMU primary steel springs in different positions
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is analyzed. The vehicle dynamics performance of EMU train
passing straight and curved sections under different failure con-
ditions are simulated and analyzed. Research results show that
compared with outside spring group, the static loads of the in-
ner and outer ring springs of inside spring group are greater,
and the inner ring spring affords only about 1/2 of the outer
ring spring load; in the range of 2045 Hz for dynamic load
frequency, the dynamic loads of the axle box inner spring are
greater than the outer spring; the load-bearing condition of the
outer ring spring on the axle box outside is the worst in the case
of over-crush, and the outer ring spring is 1. 2-ring away from
spring bottom, the spring under over-crush condition will con-
tact the bottom ring and the spring contact load reaches over 3
kN. When a single primary steel spring fractures, there’s little
impact on vehicle stability, but the vehicle safety condition
would deteriorate, especially when the fracture happens at the
spring middle part, the derailment coefficient and wheel load
reduction rate of the vehicle increase significantly.

Key words EMU; primary steel spring; dynamics simula-
tion; operation safety; spring fracture

First-author’s address National Engineering Research
Center of Railway Vehicle, CRRC Changchun Railway Vehi-
cles Co. , Ltd., 130062, Changchun, China

B 5 5 2232 A7 o B 1 N T 2 8, X B Tl 2,
FOIR e i A — 2 S O PG+ 24 4 A 19 260K
LR R — 2R T R 4 M R B 1) 4
ML B 2 — , A UAT R AR IE — 2 14 il 5 45
e, 249 SR Xk A X 2 [ 2R 032 By, 3 T % AR B o
HAER  GRIEA5E 17 Vet B2 M %5 8 01 2 1
RE o WERB AR 1T A — AR R W A
ﬂ%\é?ﬁﬂﬂﬁﬂiﬂﬁiﬁ JEE S fE BAT R A
TR B By A2 o ¥ e ds R b R R T — R
ST , BRI A B S5 M 5 R P R AR 2
HlCRRE (LAY R X — 2R AR 3o S 7 R A S W 24 I 11 )



FI2ERIT IR AT

SCHRL 3 T3 e #0127 o MR e i O R 42 A
55 1 B IR AS o SR 4 8 i B e 5 EC A
TR 1, — 2R A0 300 g e SR T O P [
SR BE AR BIF S T — 2% B 9 AN [ i R
B A2 R R R o SCHRLS 1 % 55 5 43
FEMTIE TR 4 A — R A S R 0 A
ST 11 R0 T 55— AR B 59 3 v 60 mm 4k,
AR WA B 52 BT 1) 27 e KR AE S 3. 72 kN,

RZHE 4 8l Jy 2 1k e T LA i 3 ke etk
UG RET AT, BRI RN AR SR A
A3 M — ZR RSB B ) R T, O o 3l 5 G A A
S I AR RS o AT S R BOIR S . A SCR A —
i T 2R AL R 5 05, DA RS Bl 42 2 — A
SRECAIEIEXT AR i i 5 R B M — R A
PR T B8l 1 2 05 BB IR 58— AR N i 3
P P BRI R — 2% 0 9 A ) 4 A 2l g 2 1 e
ISR, 3 221 B Aedr S IR R S o

1 —RWEBEMREESRT

FA B A2 — R E R AR 2 77 5
7R, S H A M AL A P9 SO0 9 5 3 4 25 2 3
PFo P9 SIMUAR 5 4L o35 e 5 e LR RE AR L Y
SR | S R R R AR AR A

AMUARBAEEA | e PN 5 B 40
:1 @/:: Ryt
=78\

1 Rsh 44— R A

Fig.1 Primary suspension structure of an EMU
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Fig.2 Bogie dynamics simulation model
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Fig.3 Diagram of vibration mass spring model
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Tab.1 Calculation results of primary steel spring static
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