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Design and verification of marine metal-rubber-based
impact isolator
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Abstract: To address the severe shock protection requirements of marine heavy equipment, this paper
proposes a metal rubber impact isolator featuring both high-temperature resistance and corrosion resistance,
capable of meeting operational requirements in complex marine environments. The isolator adopts a series-
parallel combination of multiple metal rubber components as its cushioning and energy-absorbing elements,
which ensures a high load-bearing capacity while achieving a favorable linear elastic working range.
Additionally, the stiffness and damping characteristics are adjusted by means of parallel linear springs. A
dynamic model of the impact isolator is established to analyze the influence of stiffness and damping on its
shock isolation performance. The mechanical properties and impact resistance of the isolator are verified

through experimental tests. Experimental results demonstrate that the isolator exhibits excellent linear

Wk H#: 2026-01-15

EB RIS SR T (1981-), B, i, #d%, @ iHIE#, E-mail: cuijunning@hit.edu.cn;
Wi 11 (1992-), 53, fi-f-, TA2ifi, E-mail: 1274438517@qgq.com;
it . (1998-), H, L5384, E-mail: zhuangyizhong98@163.com,


https://doi.org/10.3969/j.issn.1007-7294.2026.08.012
https://doi.org/10.3969/j.issn.1007-7294.2026.08.012
https://doi.org/10.3969/j.issn.1007-7294.2026.08.012
mailto:cuijunning@hit.edu.cn
mailto:1274438517@qq.com
mailto:zhuangyizhong98@163.com

1366

fE AR 127

55 30 %45 8 4]
impact isolators for marine heavy equipment.

elasticity within a stroke of £9 mm, with an average stiffness of 7.45% 10° N/m, an equivalent damping ratio of
from a height of 8.6 mm, the impact loss factor reaches 1.03 and the shock transmissibility is 0.0038,
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approximately 0.43, and a limit load capacity of 6.5 t. Under the impact of a 2.2 t drop hammer falling freely

indicating excellent impact resistance performance. This study will provide a reference for the design of

AR IR A T S 2R (TP A T, 25 50 1 52 AR R M b e ol | 99 et A B fa el 25 et 2
i, Herp LT 2 32 2SN RI Z ol 25 ) i vt B8, ok
TR R R R K

SO E 217
i AR 2 22 AR SR 0 ph st A W RS AT IE 2 B i

—H‘_ﬁ/
(CIy:Z

o HRIMTH B £ 2AE

\\\\\

17
Ju, BAR R A R IIZE b RE ST, (HRATAE iR & 5 A MGt P 7 i R 1 )L, L2 i 2 T A B3

SRR R IR S R 2 298 58 . i R 2 FLBHJE AR, SREL B 1 1 A R S AR Y

\ eSS R R I B Sheg
# B S AR TT e T R RWRE, FEAAI T T, 10 4 B AR AL BT B F & Ay it 7, I 5
HABBAETCIRAL S L L RE DL OB BI R . Shi 45 B T 3T & ARSI — K R B R 26, A

e (AR A ST T B R T A AR 5 L AT £ 10 R S A O R R K T BT
G JE AR B TCHLH AN K FR A ]

25 1) SPAE ST = A7 [ AR Sh IR B L A 8 B 1 RIS FE AR 1 e AT AR SR N AR R S
Ik~ S5 AR LR SRR LI S A ML 2R e S SR 1T XU SR AR X i A B (9 45 4, Sl 1
iEll’J_~o

LB RTINS A 2, G TS A2 R W BE D38 1 i TR AR P 5 s O AR R BE, TR ] 1 B 8 2=

B2 BA BB T 2 R AT/ MRS SO BENLIR S B9 B S 5, £
Jm 22 AR VA K4y e 22 2 18] i) RS R AR Rl

PNTE=X

He B

i P B A 38 2 ROR B stk iy T 0L 2 IR AR A O F IR AL & b e B S A A T TS 8
T4 SRR vt o R 5 R ARG ML IR 5 0 18, XA A 2 R I b 2 PR P T R AR P R 4

(¥ 3= 2y 2 AR R AR e A FLRE TR

FH SRR C BT 4 TR AR S oty 8 1 Rk A 8 0 R 1 b AT O B M . R AR 19
R FE LA 7 28 R e ol B 9 2R O S R Ll s g 2 R — B R T 4 TR AR 1 e o o 0
i AR Ta] wh o 5 LA B A TR T A4 ot R U Zhang 451 72 4 JRAREHT ot MR A0 BT F

FEHPR L, B/ INARAR MR KRS 4 B2 1) < AU R i A U 45 SR P 2 B Y SRR 7 ) ol Bl 8 1
25 EN SRR TR I e R T 4B AR RE BUHLIE Zou S WS T 4 I AR H e v e v R Y

S G AR, e BBl AR SRR S A AR AAR R S ARG . BT SR A ek I 1) (4

22 ) IR AL, A5 2 B R ek )i 0 e 75 S A TR 30 Pt

FEEP T H—GRBBITIFR sl RrE, X 2 SR BIR A G i sl R T 8D, BRI 12
FEPERA R AR S, S BTSRRI FROT O BT MERE R, ZESEBRR I H A7 A T B, nl 2y

P, FE I A AT R 5 A i i o B S A ) ik R GE BN T AR, 43 NI RELE AR X ok B 2
F.He

FEur LTSRS WFTEAN AL, A SCTHT ) A ER A, T EA TR M ol T el e P 4 < TR AR B Ay ¥
RE Y52 s T JR AT BROTHR BE 3T, S iE CHER (R 7E BV043/85 Fntf il 8 £ 1wl Sk 5 i v s 1
5 e et U, IR B RO L IR S AR RERRE LU b e PERE, JF 5 A

PERRE T, $2 i FH < SR AGBERL wo  F  , e 4 JA AR 15 e 5 3 H TR IR 2L 5 R BT M B2 BELJE
EJI:H_'AEJ

LAY

INEE

5 ATl R G B R AR ey B S A 1 s S R R e 25

bR AT HOR . %



558 1 MR 14 A4 B i e il wh o B B a8 5 S5 503 1367

1 HEREREEIZT

S 2R RO JE 2R R0 vl ik B B0 2 B P A DA, 3 2R OBRAIR, i %3t TN, S i A%
R BHJE R BGEAR, whkiJe PR it T, i RH e 2 o v, ) w4 a8 g 2x s . SEBRRLAT R, Beag e
TP AR B EOR, AU it Aid T/, TR % 22 i RS A KR, AN ST A i a6 2 5 AN (e A 18
e, i RGP AL AS P RE S BCE R . AT, el R 28 08 O B0 T AR A R BRRHAE,, 25545
% TR R BB S R EU-& BRVT IS, A REAR TS S o ) i B B 2800

FETIZIAR, ARSCHR H — P LT JRAR I B0y b B i, S 1 B, ek B g e P S 2 o I E
JERH B R RIFRA B AT, B AR R P ICE g 4o B . T SRR ) R T AN
DIRE, FOU T b e i A S i TR L BR A ) (V8% 5 T RPN BT S 1A e o A A S Y < TR AR I AN
P 5 TSR O, P T 2R R R A e R S T . S SE B W PR R R R AR LS A AR
L, AR ST BT — PR A A S S A Al A s B S e e i VERE, REAE RS2 IR 20 bl P TIAS e A 45
EESV &

(a) e m FIHLIA (b)) e FRL R
K1 rhivba s s s K
Fig.1 Schematic diagram of the impact isolator structure
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Tab.1 Main components and key parameters
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Tab.2 Impact input excitation curve parameters
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Fig.3 Curve of impact acceleration
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Fig.4 Influence of buffer element characteristics on peak Fig.5 Influence of buffer element characteristics on the
relative displacement acceleration of the isolation device
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Tab.3 Parameters of elastic-damping components in the impact isolator
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Tab.4 Design parameters of the impact isolator
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Tab.5 Experimental results of impact performance for the impact isolator prototype
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LERRW, bl b fe B RAFRO T b PR RE S AR E

PG AR SCITBE - JRAR I B ol B s 48 O BE b i M B, EIBCR R BRAR IR 21 | AN 22 28 P i %
BREBE R B A 0 U B o S HSCHRARE ) SCBE SRR 6 T, dd i %) HUR 3R BE Ty . AR SRR
TAFRBERR TR, PP RIZ5H B s MR 26E

MR 6 n] I, 5 A MR ol B S A AR AR EE, AR SR B < SR AR B ol Bl g 14 el AR IR T
I T R AT AIRIR, 5 B0 22 2 I e e 1) B BRAR Y, SRR RURERE ) B 2 T HAb PR B o . I
I, 1R B AR AR LD O BE B G HURE ) A A BURERRE 1, BAT RAFIIZESTERE.



1374 AR 27 55 30 55 8 1]

xR 6 FARIMERESH I ERE

Tab.6 Impact performance of different impact isolation structures

ok PR B 2 SRR bR R REARRIR IR b e Y
il RE R T 1.08 0.035~0.065 0.439~1.2 0.35~0.58
AR /kg 2000.0 - 4.0 16.9
AFx10"/m’ 32.7 - 250.5 £50.3
L AFUREAE J1x107 (kgm ™) 61.2 - 8.0 56.3
shili M/ (Nem ) 1.98x107 1.95%107 £42.00x10° 27x10°
54 it

AR SCER X i FH B R4 (4 ) 2 b o B AP A T SR, B — b St EL I e i L T R 1 A SR AR i T
ik B R, T N A I RIS Al PR . I F A R R i BRI i £ 4 IR ARG RO IR AL A
(75 3K, 6B HORARBE 1 0 R I I AG RSe 2 B A AR X ), PR T 2 58 i 422 bl B BALC Y
S S RHJC R o AT AT vl B SRR Bl 1 R L SCSEA RR A BRIT AT L AR MRS D
R, B T b i B B AR i ) vk B S b b Rcee, FEESIR T

(1) B 25 2 G2 19 B KA B 5 5% w1 W2 RN BEL . b 52 SR S, 1749 25 38 48 19 Jon sk 5 iy
UAEAE S I S AE ARG . PRI, i P AR A 4 oo T B 4 1 224 R P v PO 2 L B s BEL 2 i D), SR R
o DI PR R AR 2 A 7 1 BRI e R AR X (37 A, [ st 3 a4 v A L. e Sk A AR v I 2 SR Ay sk 3 g
IS (BN ] T

(2) 4% IEAEE BV043/85 ik, UL 596.4 t k2R & i ik Bt VE A BRITOT BRSO A o b b
B S ) B R SR T SRR ) £ 4 1 T3 BB PN, SR T T o B i i 1) SR 1 L
A RAFRPTrh i rERe, e TE K ahdialier T ARSI e .

(3) ity B 5 s O T 1 2SS R I O 7.45%10° N/m, de KR 2R BE 1 6.7x10° N, 2544 BH J8 L 7l 15
0.43, W AL T 4 @R BT, X Fe W bk B 8 28 B R A1 7 38 ) LA R BEE REPE

(4) 75 bl (2 ¢ BEAA, 8.6 mm 5 B8 ) 45 0 WK, whili e B Sl KRS AR  4.07 mm, whifif%
RN Z 0.0038, % W s B 2 45 EL A W 2 T b e AR o

2 B S A A SR AR S N2 B RS FL T, SCBL T R A s B R L ROR BRI DL K
SRR RRE, WL U AN A BT T AR TR, I R R P el RGBT R T
2%,
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