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Abstract; In order to study the dynamic characteristics and optimize the impact resistance performance of a
certain type of marine composite shock absorber, the finite element simulation model of the composite shock
absorber was established based on the large strain rate range constitutive model of nitrile butadiene rubber,
and the test and simulation analysis of the three-dimensional static stiffness, vertical sweep frequency and drop
impact characteristics were carried out. Based on the simulation, the influencing factors were analyzed to ob-

tain the influence law of the structure parameters of the composite shock absorber on its static stiffness, nat-

Wi E #2024 -12 -03;  f&ITHHR.2025 -03 -30

HEWH . B FFHE H KL National Science and Technology Major Project (J2019-1V-0015-0083 )
Fund-supported Project : National Science and Technology Major Project (J2019-1V-0015-0083)
TEZ BN BRILAN (1998 - ), 55, P IEARAFFE B it rhoc B B AR .



.24 . e fig

8 o T

ural frequency, maximum impact acceleration and maximum impact displacement of the isolation unit. And
the proxy model between the structure parameters of the shock absorber and main dynamics parameters was
established. Based on the established proxy model , multi-objective structural optimization considering static
and dynamic characteristic constraints of composite shock absorber was carried out by using nondominated
sorting genetic algorithm with elitist strategy ( NSGA-II) and multi-objective particle swarm optimization
(MOPSO). The results show that the simulated and experimental errors of the static stiffness, natural fre-
quency and impact stiffness of the composite shock absorber are less than 9.29% , 6.68% and 9.53% , re-
spectively. The damping ratio error is less than 6.67% , and the impact equivalent viscous damping coeffi-
cient error is less than 11.57% , indicating that the simulation model is accurate. After optimization, the
maximum relative displacement of the isolation unit under the impact condition decreases by 7.39% , and the
maximum absolute acceleration decreases by 3.9% , showing that he optimization design method is effective.

Key words: composite shock absorber, dynamics characteristic, multi-objective optimization design, vi-
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Fig. 1 Simulation models of composite shock absorber
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Tab. 1 Contact attribute settings for composite

shock absorber
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Tab. 2 Viscoelastic model coefficients of

butadiene rubber material

Jot L g, FAstuista] 7,
0.068 580 0.000 001 62
0.894 377 0. 000 030 00
0.007 131 0.014 400 00
0.005 087 0. 086 200 00
0.009 737 0.984 000 00
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Tab. 3 Hyperelastic constitutive model coefficients

of nitrile butadiene rubber material
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Tab. 4 Constitutive model coefficients of metal rubber material

X Gy Cor Cao Ci Co D, D,
0.4 -2.52 2.88 0.91 -3.23 4.21 0.51 0.04
0.3 -0.64 0.74 0.27 -0.91 1.08 2.63 0.19
0.2 -0.88 1.02 0.23 -0.89 1.25 7.00 0.67
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Fig.2 Test equipment of composite shock absorber
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Fig. 3 Simulation models of composite

shock absorber
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Tab.5 Comparison of three-dimensional static stiffness

between simulated and experimental results

of composite shock absorber
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Fig. 4 Influence laws of different parameters of main body
rubber on three-dimensional dimensionless static

stiffness of composite shock absorber
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Tab. 6 Comparison of impact characteristics between

simulated and experimental results of

composite shock absorber
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characteristics of composite shock absorber
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T N AR A 43 Lo PO A B 28 X600 e RAEL RS

Sens ' =

Sens = max [

[y(x,) —y(x0) /(%) 3
(%, —xy)/(x ) ] )

APy (x) —TEBT A 2, b F AR HE 6 — W
BHIZHx,,, — G SRR KR 2, — S5 S
i fR/ME.

R HIZ DT AT B 4 SRR S Je R, AT
VAT FEAE S5 M S B e B B s rp A B A H
PR AR TR

E AR S BIBR IR 7 s,

xmin

max
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Tab. 7 Sensitivity of structure parameters of composite shock absorber

- e U
T BANIE  EAME  ESEKAENOE  RFAESOMEE  RRKAAX AR R
h, [30,40] 0.86 0.43 0.03 0.18 0.17 0.36
q [105,125] 0.96 0.52 0.01 0.20 0.13 0.24
k [260,280] 0.09 0.08 0.00 0.00 0.06 0.09
g [135,150] 0.18 0.11 0.00 0.01 0.04 0.12
Jdown [3,7] - - 0.12 0.22 0.01 0.05
Jup [1.5,4.5] - - 0.00 0.02 0.18 0.35
hy, [3,7] - - 0.06 0.19 0.02 0.27
o [0.2,0.4] - - 0.01 0.04 0.04 0.07

=7 T Tk,

2.2 WHBWARRT FrpLAl H b LUK B 4 S 1 07 2078 B 3 1k

TERAE T AUALEE F 8 55 AT LU Bl 7 5835
TR PN R S A G R T 0T 5 A R4
WSS T AR, W IWLAISE B Ir ik
A5 IEASIR IR 1 1T . Box-Behnken %31 ( BBD) i T
FRST T BETHAEN) AT SR /N B B D5 B X BURE (1Y
PSP T PP S RE PR AR R

Uv=2 Z —L (4)

i=1j=i+l [ X = X; |
P U—FRERREL, 12 pR BB M SRR A S A e R
B  FEAR I S PR 5 ||, - (| —FEAR R 2, 5
x; HRRECH B

i EAZ IS BBD LTS T AR S A
&, JFE R (3) RS A FREA B RE, A3k 8
F7R o 3T RS2 07 BORE R AT BUREAS HAT fe /N H
RE , B 20 5 (%A T 1%

®8 AEIEBEA EBIFATREXTLL
Tab. 8 Comparison of sample potential energy obtained

by different sampling methods

SR AT LA o #0045 A 55 T B At o i A 7 i B
AR AT AR | DR AR SO0 RE R, [R] ida
PRAIE TR RS, H LAY AR L A 45 22 33
I 1 ( Polynomial Response Surface, PRS) #& Y i B
4> (Kriging ) #6575 4% 7] 3 PR #Y ( Radial Basis Function,
RBF) &A1 7" i i ¥4 )7 #1% 2% (Root Mean Square
Error, RMSE ) \J5E R R*AVE NARRUKS BE VM F6 b
Hort RMSE 2R fE-5 552 B AP 35 00 22 , R* W0
7R HAR S B AR HH BE A% A5 0 00 (A o ) i i
b AR FRTIUNEL 5 LR 22 I ARG T fha
BRERIPPAL G R AN 9 Fron I £, of, of SR
B IR A i A I BRI | [ R AT o s BT
TR AR L RS AL LA L B 15 B i e R %0 A
LR
x99 RERBFMER

Tab. 9 Proxy model assessment results

IEAC AT BBD BUREHEA EDA Sy
FEA S GE e FEA S GE
1.41 1.44 1.35

2.3 RIEEBET
TR R Z A R ARZER DAL R A,

o 2235 W) [0 T (RO E HE 4
L 76 ) " . » .
[ RIUE LA [T RIE 7 FERIFE AR
P
RMSE R? RMSE R? RMSE R?

S 0.008 0.999 0.007 0.999 0.093 0.910
fo 0.009 0.999 0.008 0.999 0.011 0.849

0.084 0.931 0.030 0.986 0.126 0.859

0. 159 0.778 0. 154 0. 805 0. 055 0.912
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748 i) e bR BIORE TR X B FOAH X3 % B DL A5 8RB
U, WROCR: FH AR [r) 5 R BIORE AR SAy e KA B AR A
e, FEL R TR Ko e R 4 o o e (94 L SR A e,
SR FH e L 4 AR AR A Sy i R 248 X0 8 E AR
2.4 E&BIRBENS BirELIZT

FH T 52 5 UAR 25 [ A A7 3 5 2 3t T 5 BT [
AL DRI | HL A2 5 Yl A 45 7 25 I B T B
B ERTCHRS AR IR P AR T, O 525 AR 24 A
A D R S W B A — R 2

B b SCHENT AR K S I A A | T
AR RS W SRR AR f
R fin s B S DAk B bR, S N R T
b 5 B T Bt b s PERE B G IR 4% 2 H AR ik
AL,

min[f, Chy,, &, G s gown ) ]
min[f, Chy,, &, G s aown ) ] (5)
f e [1,1.25],f, e [0.208,0.246]

fER 2 BRI H AR SRR, S P A AN
[ RO Ak 45 48 2 B0 A A6 B B 5% e 1 KN, SR H
min-max FRAELL T K AL B BR 2T 0 —fb AL B
g Rt 0,1] 200,

e KN TH B 48 A 5 S5 KA WA A 48 bR X T2
AR 25 10 45 0 0 A0 TR A B bR R B T 3R
AT

S = min(n, £ +n,/7) (6)
A of, — AL B AR R B ) — I3 — AL B R AR RS
PR B 5 1 —IE — b I R K e X R
n,— B 25 o, — B R By, =9, =0.5,

3 R ARG D SR 1 E S RO HEY 19 22 H st
%35 (Non-dominated Sorting Genetic Algorithm-1I |
NSGA-I) #1122 B ##%L 7 ( Multiple Objective Particle
Swarm Optimization , MOPSO ) 43325 X 4 £k A5 54 3 17
KA, S SERAL ISR 10 B,

*z10 EHlSEMmL

Tab. 10 Structure parameter optimization

HEATE b g h, q Jaown Jup

NSGA-1II 5.5 144.4  34.4 110.0 8.9 1.5

MOPSO 4.3 141.5 37.9 117.6 4.9 1.5

NSGA-II \MOPSO 53570 S A48 21 2 4 D U
SR G S R 11 R,

F11 MALERTEE

Tab. 11 Comparison of optimization results

TR TRWERR WS WA A
HIXFOIRS  dEmd e W R R

A A

1]
=24

JRbR LN 4.540 133 200 1.029 0.238 -
NSGA-II 4.140 125 400 1.101 0.228 1.07

MOPSO 4.105 127 200 1.048 0.237 1.09

(ERRE AV €8

H1 & 11 A1, NSGA- TR AL J5 1 B A ok 54 (i 5
AN HOEBEZ AR AL S AR Ry e AR S5 . ik
SERAH LR AR 25 7, B KA XS 2 7% R % 8. 81% (fx
KYa X sk B 5.85%
2.5 EERERRANEHRESHERIE

EESFARALGE JE A= T %t I 45 Y 5 5 IR 2
Hol Iy 2R 6 R FH 5 i S A A IR 9 7532 A
Kb BT THEAS SNBSS ] A N
AR LR L, W 12 PR, ) ERAS K
JETIE 500 s KR 2R 6. 15% , AW ik
w220 3.63% ,FHIE bl KiR2E K 10. 42% ,iEFIAL
PSSR MERR AT, DAk S RT3 B

F 12 HASHEHHSHERE SHR
Tab. 12 Comparison of static and dynamic characteristics

between test and prediction of optimized structure

e

M HL B2 B3 L TRk
i i i DiEfl A
ZH RAEBE RKENE e TR/ %

it

ERASKIE  0.918  0.923  0.896  0.965  0.951 6.15
BASE 0.230 0.232  0.220  0.229 0.228  3.63
BHJE Lt

0.0775 0.0731 0.0756 0.0710 0.0784 10.42

H1 T 25 AR BR A, SR 07 H 33 30k e 5 S0 Y
ekt 0 BT 558 UG B2 O 2 5ot bl i
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Tab. 13 Comparison of impact characteristics between

simulation and prediction of optimized structure

MK g BR2E/ %
TR RS ER4 R RO ot

RIAMX RS BORAN Wk % nEE
(x4 T g fr#e g g fil ot

4.200 127 900 4.140 125 400 1.42 1.95

HI3R 13 AT, die K20 R AN JEE | e KAH R 7
AR T 0 {55 0 R DR 25 0 30 R 1. 95%
1. 42% HUAERBON S . DA )n i 52 A D8R A
FALCOEARHT , it e AR 28 T 7. 39% e K
Y XN EE T RE 3. 90% , AT LA 2 3l ) B IR
B P RERE K

3 ZitRRE

(1) FEF3E FH T I Bl Rz A5 23 1) A% e AR ) A5
Y 52 U A A I BE T AR | s O E A
SRR 22 /N T 10% 5 BHJE Fb | s 25 200kS
B e R B B 5 R 22/ 13%

(2) PRGN IR BE X = 1) W B 38 LA 5 K%
M) 5 2 ARG AT A S %o ) e 2 O A A8 A 5 2
PRI GE R | o B ot = 1) B A WIS R A /N

(3) 5 A VAR 25 A7 00 % 32 B F R 1R AR
JJEEFEE A6 A1 5 BELJE He 35 B B ke T 2 R AR e JE
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[BIB A S RS JEL

(5) BEXTBEZE 095 G U8R 4% , NSGA-IT 316 AH
XF T MOPSO B33 HL A 5147 (280 5 1Ak 14 235+ A
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