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Study on the Nonlinear Modeling of
Cylindrical Rubber Absorber

YAN Hong-song, YIN Zeng-zhen, SHU Zhao, YAO Jian-jun

(Beijing Institute of Automatic Control Equipment, Beijing 100074, China)

Abstract: According to linear elastic theory, a large error about cylindrical rubber absorber in the

condition of high shock is caused during the simulation analysis. In this paper, a new modeling

method based on nonlinear spring-damping element is proposed, The derivation process of the

method is described and the way to get the shock stiffness curve of the rubber absorber is intro-

duced at the same time. The high precision of the method is verified by many shock experi-

ments. This paper has laid the foundation for deeply study on rubber absorber based on nonlinear

modeling theory.
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Fig. 1 The excitation input of half-sine acceleration
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Fig. 2 Cylindrical rubber absorber in the study
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Tab. 1 The comparison of results between

experiments and linear modeling simulation
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60g2ms 32.7 32.2 32.9 2.2%
60g3ms 62. 3 58.5 48.3 22.9%
60g4ms 94.9 92. 4 62. 4 34.2%
60g5ms  114.0 119.5 74.7 37.1%
60g6ms  130.8 136.5 85.1 37.7%
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Fig. 3 The curve of force and displacement
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Tab.2 The fitting value of force and displacement

fi#%/m Ji/N
0. 0001 19

0.00167 323
0. 002 400
0. 0025 650
0. 003 950
0. 0032 1100
0. 0034 1250
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Tab.3 The comparison of results between correction nonlinear

modeling simulation and experiments

ekt

A ERGST i) e N AR
RN/ g

60g2ms 32.7 32.2 32. 82 1.8%

60g3ms 62. 3 58.5 59.78 2.1%

60g4ms 94.9 92. 4 93.76 1.4%

60g5ms  114.0 119.5 118. 39 0.9%

60g6ms  130.8 136.5 137.76 0.9%
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Tab. 4 The relationship of compression rate and

stiffness change rate
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98.0% 190.5%
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Tab.5 The comparison of results between

simulation and experiments
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140 92 —95 105 14.13%
120 100 —108 106 6.00%
70 132 —139 137 3.79%

AL UL 47 ELAE SR SR 45 5 22 78 ] 452 1 Bl
WL H P X T 140Hz A9 0 IR A%, IR E R RN
14.13% . 23 #7, 140Hz AY IR #8900 16 W 28 1
L2 NPRULE P P B = D A TR0 Ny D G w8 9 L 1 RV = 8

AT RG5O B 7 52 4 L
SRR R — B0 b AR B bR PR o R
7 I A 7 R A 4 R o 1 A o 2
IV 5 BT 0 EU AT ) KB TE

5 #itERE

D ARG B R4S vh it 4 %67 5090 LA, AT
AN Ry M REANAS o T 2 i 1 B T A 7 FLAG 2R
A RIEA—2

2) SR KT 5000 A BRSO 4 R AL
e Z AT AR LM A T i A R R ) R A%
W BERFIE T2 04T 1 4005 FAT BROTASE B ) 8 1 3
P T REARAGR D IR 8 1 ook 92 b £ 22 T 9 5
TR At 0 A T AR A AR Y S 2Rl o i
B UG 7 I%07 A RO » AR S IR A A L
BEEARBRABIIEIT T T 5 2 IEA

3) SCHBIEFE A A G A IR AR Il A 45 Al 2 1
SRR R % 0 T HEABAR T b 288 14 D I 8 A1 26
PR AR HA —E IR

&% 3k

(1] FEUME. e, 2=nde . $ERI S RGO R it
(770, v E R R 2247, 2009, 17(6) : 648-650.

(2] ZRigde, 284, 340, 55 . ARICRRIR 25 v o Ak 1) il
WFSELT . W75 S54E sz, 2015, 35(1) £ 29-32

(3] BEMe e, 50, 55 . ARICRRIRAS o W B2 ARk ik
®F5E ], PRsh 5 b, 2006,25(1) . 77-78.

(4] SRR IMERE KER. % . LR N
Rt Sk g ERT S LCL/ / b E BRI 1 b 2%
BE=m BTN TRSESRERE . E
1 ,2005.

(5] flpedds, My, RIR & . REAR IR DS 4R 2% o il 3R 4 1
D5 EAY B [CI45 \m [ CAE T8 4 #r 8 R 4F
£5,2012.

[6] Bz mdERERESLIERL e MR R R LT ] it
B T25.2009, 39(5):1-6.

[7] XI5, EF%FKF, TEM . 2K Mooney_Rivlin #EI fh
PERE B8R 2 [T, 48 Tl , 2011, 58(4) : 241-245

[8] W20, MK IR sh AR50 5 d A Jr i i i
FELDJ BT W ol K2, 2009.

L9 BwR H, B8, ALBTIEC 55 . HPSUIRAR I B LR P IR R =
RGA R T BBy vk [T, W 250K 25 il 1 B AR
2007,43(6);23-26

[10] Clough R, Penzien J. #5#)3h J12:[M]. £, 1% .
dbt S AR RUE A 2006.

Editorial Office of navigation positioning and timing.All rights reserved.http://dhykz.zghtgk.com





