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Abstract:

performance parameters of rubber was analyzed through

The variation law of dynamic mechanical

accelerated aging test and dynamic mechanical performance
evaluations. The parameters of viscoelastic constitutive
model of rubber were obtained by non-linear least squares
fitting. A method for calculating the three-dimensional
dynamic stiffness of V-shaped rubber damping elements was
proposed by introducing shape coefficients. Using the
dynamic stiffness of rubber damping components as the aging
index, a dynamic stiffness performance evolution model was
developed for rubber damping components. A finite element
model of the high-speed train body and under vehicle
equipment, as well as a rigid flexible coupling dynamic model
of the high-speed train was developed to explore the effects
of external environmental temperature, excitation
frequency, and thermal oxygen aging on modal frequency,
coupled vibration of the body and under vehicle equipment.
The results show that the low-order modal frequencies will
increase to varying degrees with the increase of dynamic
stiffness. The impact on first-order low-frequency vertical
bending and first-order high-frequency vertical bending is
more significant. When the dynamic stiffness value of the
damping element increases, the first-order low-frequency
vertical bending mode frequency approaches the first-order
vertical bending frequency without the suspended
equipment, and its corresponding amplitude increases. The
first-order high-frequency vertical bending mode frequency
shifts towards higher frequencies, and its corresponding
amplitude decreases. The research results can provide
reference for the engineering application of rubber vibration

isolation components in high-speed trains.
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Fig. 1 Schematic diagram of V-shaped rubber vibra-

tion damping element structure

AR 0 AR AT N 2 A, i
6 67 ek 425 11 L8 B A 20 °C~ 250 °C, 5 B 428 il 45 JiE
J0.5°C, AU E# GB/3512—2014 i AL A% it 5%
FRIBMEAG e s SN 2 AL R #4058 ) F1 TB/
T2843—2015CHIL 25 4 45 AR I v oo 38 He AR
FAE D VAR I D T A4 1 BRI 2 AL
IR A IR B E O 70 °C, PR B4 , e B 1k
I 5 B R, AT S S AL Arilse . SR
FH DMA-Q800 i 25 H AL 53 B 4 I 18 V7 AZ I ik
PRTCH AR A AE IR Bh 8 N sl 1 # RS
BBERLE RO R . BBV BRI R T
BRI 53, HAE R B 60 mm, 8 10 mm | J&
FE 4 mm WK TR 5% . SR TR TN
S M 1 U G S IR B R, AR SC G 20 Hz
DL AR TT I B AR Bl e
(1) BhAEEE S GRS ) 3
BEE N —80 °C ~ 80 °C, T E I g0 in 2859 R 43 53 B
42.10.15.20 Hz, M@ AR e 1 2h A 1 27 1 BB iR 2
AR AR
(2) ARG BT ) F 3 E
BEE K 0.1 ~ 20 Hz, 18 5 i 560 16 % 43 91 13 B R
—10°C.0°C.,10°C.20 “C, M E4E AR EERE T,
R BHAS T2 P R B AR AT AT AR A A
TEASE N I HIE T AR B ) SRS i 7T LU
A TN 8 SR T o 5 AR e (A HUAA, B
.o gt
E=—= .
€ g,
Kz o, e, J3 BRI ) 5 N ASWIIR(E ; E, R it REAR
i, S WS R B ), TR BRI A R A AR N 1 1
VE TRt T3 e AR e AE e 2 W e T, 24K
FAL AR NIEE ; E, R FERERI I, 52 MUAS I rpRG M
B4y, LRI A R R B9/ i AR TE 2Ud5
FERE R MURE ST , BARERAEA R BEIE , FEXT R A 1 )
N AEAE 70/ 2 AR 2 5 ) A R AR 5 w ST IR
M4 S M R TT, RN E, 43 o] X (2) Fn

—FE,+iE, (D



1608 6 3 2 2 (A 28 B 2% ) 5 53 %
(335 zi __iﬁ%“t
. Hi10 Hz
E="cosg 2) IO 1 \\ N K15 He
€o a [ i -- ZALRI20 Hz
__ 0o . g 05 i —2E2 He
E,=—sing 3 h N — - #Ak510 Hz
€ o4r M ) <+ ZALF15 Hz
HAEA(2) Rt (3), i USSR FER T tan g Eosl i Ny T
E, 0.2 N
t =— N
ML @ 0.1
3 o R A I S A I o A o T
FEREREEY E, LA URE 7 tan o (093 E 3% 5 0% P
SERXF LA 2 P 3R o i BEAS ik Bl IR T i a HUHEHE T
SR | LU/ IS 4725 20 R REA B RITURE IR 7 1Y T L= e
, 151220 10 = — 112 Hz
AR LA SRR FEBB AL AR IR O RTR R  ZEHL By T Eiiinor
TR/ . AR AL BRI SR B il g .-
BRI TR g 2oy B
L 2,000 | — - ZALJ510 Hy
& 1500 \ C o,
2 BRI ERETN 2 \ i
£ 1000
, — i — 2 — . 500
2.1 VEGEBIRTTH = RENIEITE . ,
Jg 50TV R IR AR T S WA e 0 4 o0 4w
O T B K PRARIB T PRI . 1 4 B o Ky N i
AT R AR BRI TT A = 7 ) 32 2L 1000 Fv—
- N N — A2 Hz
FEAN) F o Bl y 3R 9 SR = b7 16 9 il - - ZALHTI0 My
RIEE < 7 160 ) 17 25 b T MR TE A T JE 9 10 % L i
20 U W9 Y AT A /NI T R A R R A 2 ool 1=
Wi LIRS I F IR RS L vk X 2R = ol 1l (9 R ga 11 - EltEb
BT Wk (5) i‘f w00f ] 20 Hz
F ES i
K::EZT'ﬁQ: (5) 200
1S WAL, S=a X b h WARIBTTHF RIS sm, e ]

N 2 TR B E s
Xt Bt A y B, W JEE N (6) i«

KJ':(]TSmI
. Gs (6)
vy A m,

A o, Mo, 2358 2 iy BT IR 280 G B3]
FitE . ARBETCH A s i NG BEAR B | FEBEAR
(PSP
E=JE*+E.)* D
FRAEAR DA T A G5 A R AT, AT LR
AT RTE AR AR T A B4 TR, AL 5 B
B TCAERI TR A (8) o ARSCH VAR i el B
TCA 0 2 fl Ly B R = B g ) 5 R A A AR AR T T
A

WET/C
c FERERLEE
E2 #BEREBUNEEREL
Fig. 2 Temperature spectrum of rubber before and

after accelerated aging of rubber
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