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Abstract

ence and significance of the excitation frequency of the dynam-

[ Objective ] Research is conducted on the influ-

ic stabilization device and the mechanical characteristics of rail
fasteners on the operation effect of the dynamic track stabilizer
in order to provide some reference for the operation of the dy-
namic stabilizer. [ Method] Based on the multi-body system
dynamics theory, a dynamic stabilization device-track dynam-

ics model considering the mechanical characteristics of rail fas-
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teners is established. A rigid-flexible coupling dynamics simu-
lation model of the dynamic stabilization device-ballast bed is
established by using the finite element method. With the exci-
tation frequency of the dynamic stabilization device, the lateral
stiffness and the lateral damping of the fastener as research fac-
tors, and the lateral acceleration response of the sleeper as the
evaluation index of stable operation effect, a numerical simula-
tion analysis is carried out to obtain the significance of the in-
fluencing factors for the dynamic stabilization operation effect.
[ Result & Conclusion] With the increase of the excitation
force amplitude of the dynamic stabilization device, both the
lateral displacement and the acceleration of the sleeper increase
monotonically. When the excitation frequency gradually increa-
ses, the lateral displacement of the sleeper decreases monotoni-
cally, while the lateral acceleration first decreases and then in-
creases. The obtained optimal excitation frequency range of the
dynamic stabilization device is from 30 to 36 Hz. Increasing
the lateral stiffness of the rail fastener leads to an increase of
the sleeper lateral acceleration. Increasing the lateral damping
of the rail fastener will reduce the sleeper lateral acceleration.
Based on the response surface method, three factors influencing
the sleeper lateral acceleration are excitation frequency, fasten-
er lateral stiffness and fastener lateral damping in order of sig-
nificance.

Key words dynamic stabilizer; dynamic stabilization de-
vice; excitation frequency; lateral stiffness of rail fastener; lat-

eral damping of rail fastener; response surface analysis method
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Fig.1 Simulation model for dynamic stabilization device

1.2 REXRE-HEHNFER

% T B IS B B A RGN K 3h
TIRSREREE S8 — A Al i BE A I 5 R 20
BN B RS RE A B TE PRI TS s MR s 3l ) A 2
B AR BRI OO, g S IR 2 B -
SR | F2 5 R s B s R
TEE BV AL RO R TR, 1 9 -
DA g8

2wy xy o 20 RO RS E 3 B BRI LAL
- 282 -

2025 &

AIRERIAIAS 51 s s S0 AR R B AL RIBLAL
(2 [ LS sy oy oy S350 D R E RS E LA
MR Fy  F, sl e e B k1 5
TIETT 3k e FRRREREEEATRE S BB Z A1 M 2
SIS sk, e R 5 AN W] BRI e Ak B2
KRG s ky oo FAMFRE I NIEE S BHIE s k5 oy A0
et [ W BE S R s K, oo UL -5 AR 18 91 J3E 5 B
JE sks vcs PR I8 RS 1) W B S5 RHLJE o

01—x>] m FU

,

& o Fyy #kok
(o), X W -
h 2 - )
wo et
S ) o - ;:
V3 l:Il:'c5 #ks 1

TEIR
RN N N W)

B2 shfeede B-Puish s
Fig.2 Dynamic stabilization device-track dynamic model
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Tab.1 Analysis parameters of dynamic stabilization

device-track lateral dynamic model

S8 BUE ZH WA
M,/(kg - m) 4 k,/ (KN/mm) 556.0
w/Hz 0~45 k,/ (kKN/mm) 29.4
m,; /kg 3 500 k,/ (KN/mm) 160. 0
m,/kg 324 ¢,/ (N -+ s/mm) 52
ms/kg 3 375 ¢,/ (N + s/mm) 100
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Fig.3  Dynamic response curve of the ballast bed under the

operation of dynamic stabilization device
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Tab.2 Stabilization device and track operating parameters
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Fig.6 Displacement trend of sleepers under different excita-

tion force frequencies

2.3 NHSEXREELRAZm
PEHATFAE [a] W B 20 ~ 110 kKN/mmy, HU{E 1]
10 kKN/mm ; & 5 1 FELJZ 20 ~ 110 N - s/
mm'"" BUEEIFE 9 10 N - s/mm. A Fa 5 2 H 1Y
FE VRN #4730 ) 22475 B, 15 BV A A A% 5 2

2.0 85
g
F s 65
Ry =
S <
4 0} 45 R
= u
& : =
=205 o5 B
0 L L 1 L 3 1 n 1 " z 5
0.500 0.625 0.750 0.875 1.000
i8] /s
a) 18 Hz
2.0 300
g
b 8 El2200
= n S
= 150 R
= n i
SE 1
= o0 B
0 50
0.500 0.625 0.750 0.875 1.000
i8] /s
b) 40 Hz

T SEEON UL RO RLRS 2k 5 BB 0 R 3 B Ty i 2
KIS ARREIRIR T PUBE AR 1] 07 58 5 R 0 %) Heh 26
Fig.5 Comparison curves of sleeper lateral displacement and

excitation force under different excitation frequencies

Hz I, JUBL R 17 37 A% i (0 A0 bR 5 25 3% /1 A

30 Hz 3K %) 36 Hz i, HUBL A 1) £ 52 i {3 32k 0

9% Wk TR T 36 Hz I, UBASR 170 13752 i {4 3 11

AR ABATSAS BT B B B b 29, Oy Rk

Gl 0 fr AR, H OCRE T A2 A1k 38OR, HE77 %
- 284 -

B REIE 7 FiR,
85 ¢
_ 11.80
2 80F = 1175
E | st~ -
™ 75t 1Y 3
® {1.65 g
=
= il B 0 e 1160 2
=
B {155 2
® {150 ¥
60 . . . . 145
20 40 60 80 100 120
FERE PRI BE / (KN/mm)
a) FPERE ) R
70.4
1158
% 700
g 1157 &
= | ‘ £
= SUBLBR T {156 8
=692} 5
= \/ E
% 68.8 1155 33§
§ 68.4 1154 &
PR I AL RS
68.0 . : . - 1.53
20 40 60 80 100 120
FIEAE A1 BHL B/ (N-s/mm)
b) R B e
B 7 ASTRIFAE ) ST S b

Fig.7 Sleeper response under different fastener lateral

parameters

HIPEL 7 a) PR BB AR i s 2 -5 2 A2 Bt 1
AR 1] A 2 38 DR TR 34 K 5 10186 17 MY JBE KT 70 KN/
mm I BUREA 17 12 78 3 I Bl 58 , A 1) W K
90 KN/ mm I X6f B A F) T 3 J3E 52 e ik 553 5 1047 M €
SR, AL BRI 1) T 17 K, W AR T 1 4% 1



%18

RCRGT, BVBURE AR 15 Jon 2 132 -5 57 A BB 310 A6 1) 11
BERERMBIE R . M7 b) w1 BB AR ) (2 A% 5
T3 B2 AP 1) BELJE 38 DR /) 5 F0 A6 1) B
KT 90 N = s/mm IFHUBLAE i) (378 52 00 i 55 5 5 411
PERE T B JE R T 60 N+ s/mm i, H1145 [i] BHLJE X
BRI 1) TS 52 WL 553

3 BTN ESITERRE RS

B IR A4S 3 A R 3 X BURL A6 B8 1Y) 5 i 45
N T LA AR [ i 3 v 1 A e R ML AR T
Wrdatn , IR sh 1 Ae e B B PR T A 1)
W2 A ) BELJE 3 A BRI 2R 52 EAR IR RS AR Mk 28R
Hs2 I 5 = PR 3R =K 40 B, 328 RO 4 At g M 32
4720 ~40 kKN/mm Jf1JE 7 40 ~60 N - s/mm"*’

K H e )V T 43 A 3% ) BBD ( Box-Behnken
Design) J7 ki iy Bl g, ff Bl % 5K F
W3, PEMER L4,

®3 HERBEERSKER

Tab.3 Table of simulation test factors and levels
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Tab.4 Simulation analysis results with the BBD method

F5 o Xi/He e * e
(KN/mm) (N« s/mm) (m/s%)
1 35 30 50 70.81
2 40 40 50 103.59
3 35 30 50 70. 81
4 35 40 60 72.92
5 40 20 50 90. 18
6 35 30 50 70. 81
7 40 30 60 96.74
8 30 40 50 53.96
9 40 30 40 99.48
10 35 30 50 70.81
11 35 20 40 64.81
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13 35 20 60 65.71
14 30 30 60 50.81
15 35 40 40 73.23
16 30 30 40 53.31
17 35 30 50 70. 81
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Tab.5 Variance analysis of the simulation results with

the response surface method
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