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Design and experimental study of a novel integrated
bi-directional vibration isolation device

MA Chao—chao, XU Jin, LI Xiang, JIA Zheng—rong, RUI Wan—zhi
(National Key Laboratory of Electromagnetic Energy, Naval University of Engineering, Wuhan 430033, China)

Abstract: Some ship equipment with weak anti-shock properties has the flowing characteristics such as small
space proportion, variable and large shock loads, dynamic load changes, rigid-flexible state transitions and
passive operation. Howerver, these needs cannot be met by traditional vibration isolation devices. Therefore,
this paper proposed a novel integrated bi-directional vibration isolation device and conducted the
corresponding structural design. Then, the dynamic model of the vibration isolation device was established to
predict the dynamic response under complex loading and to explore the effects of frequency and damping
ratio on the anti-shock properties of the device. Finally, the test bench for the vibration isolation device was
built to verify the validity of the structural design and theoretical analysis. The results show that the direction
of the impact load and dynamic sway load affects the anti-shock properties of the vibration isolation device,
When the loads act in the same direction, the anti-shock performance will be improved, whereas when the
performance will be decreased if the loads act in opposite directions. As the frequency or damping ratio
increases, the anti-shock properties of the vibration isolation device gradually decrease, thus requires

optimization based on key performance indicators. The test results of the vibration isolation device have
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smooth curves without distortion, and the overall trend is basically the same as that of the theoretical
calculation results, which can verify the validity of the structural design and theoretical analysis. The results
of the study can provide useful guidance for the design of vibration isolation and anti-shock for weak ship
equipment.
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Fig.1 Structural schematic diagram of the novel integrated bi-directional vibration isolation device
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Fig.2 Schematic diagram of working process of the vibration isolation device
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Tab.1 Parameters of the shock time domain input
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Fig.5 Schematic diagram of the force decomposition of ship

equipment at maximum transverse rolling angle
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Tab.2 Calculation parameters of the anti-shock properties
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Fig.7 Dynamic response curve of vibration isolation device
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Fig.8 Effect of frequency on the dynamic response of vibration isolation device

BERRW]: PAGHOR, BRI B AT (RS BN, 8 e s (R B 2 O A B, B iR = b
e FUCT AR BT SEIR BRI, 256 SR RPERERR o IR BEA T LAk T

(2) BHJE FexHit bk P BE AR

PR B AT BHLE R XS B U DTG, P Z IR SC R 1 R 20

a=2&JEZ

{Cz = 2§2 \//%
. & iR B R A R I RE L, & R BRI R T ag e
RAFFEBRE Lk PRk B np PR RE A 2 R, FRATTXTBEJE LA AR 0.2, 0.3 1 0.4 B T 2L 740
i ERE AT, B 9 S PRIRE B AEASFIRLE LT 893l 2 i 2.t I RT, BEJE R 0.2 B, B dR
e E XS B KA N 0.024 my, MRS #5246 X ek B Fe R AB R 33.71 /s, e RAEHT 1 5831.8 kN, B
PRF N 82.28%; FHJE LE A 0.3 B, B e B A X B8 e RAB R 0.021 my, MR AFIAE £ 2 X i i 32 e KB N
35.72 m/s”, e RAEH F10 6179.6 kN, FRE %A 81.22%; FHLJE He A 0.4 1, B4 25 555 M X6 37 3% B (i

0.019 m, AR A5 75 446 X6 I B B KA 38.47 my/s™, e KAEFI /1K 6655.3 kN, FEIREH 79.77%.

(11)

60
— e to0.2 — e ko2
0.03 1 — —JELLo3 — — e H0.3
— -FJELko.4 4o, ) — - -BAJE 0.4
0.02 T i
£ £ 0l
R | 3
g oo 2
' = o}
=3 ;:53
-20
-0.01
-40
—0.02 : : : : : :
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4
Hif Il /s /s
(a) AR ALET B 2 (b)) 2% B i i 4%

P19 BHJE HEXH B iRRE B 50 2 e L ) 2 )
Fig.9 Effect of damping ratio on the dynamic response curve of vibration isolation device
LR BHIE R, BRIRE B O RSB/, far i bR, (ELA A 150 5 O 11 P D OR, PR iR 3
fI6. ST % TEBLR A/, 25 4 S I PEREHEARRT LS L PR AL i



5510 1Y ChHERRSE . — P B A ) PR PR B T AR - 1645
3 R IIE

3.1 AR

B UEAS SCHRE H T AR B PR PR B A A I T RS AT I A B, BT T T T B 248K R
P 2 B 6 A Bl 833 kg, R K B R 1205 mm, JE4 5 8 1163 mm, $7A# 5 K 1247 mm, 4
B 10(a) iR B E TR I F e M RS . 3 6 AR &, ik, &
% R IR AR BOm R L, e KA 7R 800 kN, B s LA AT 45 . MK R oA P A R AR i A L FL A
2 NG IR P AR A5, &l 10(b) R .

(a) PRl g (b) Bhilhe e
K10 AR
Fig.10 Schematic diagram of bench test

F 200 B R SRR AN ] 11 7 o AR BRI Bl T I, R IR R A ) (B S 2 P — X B G
Fo M T IR R B Sh A PERE, AL IEAT 2 41, 565 1 A1 CRR 4R B A R4 sl AS PR BE, 2R
2 A IARR IR RS S PERE . 5, KRR A — o [T A S v TR b, 55— 5 FRLBAR] AR 50
BB SRR . BER, FRYREE BRI R B o 7 o LUK, AR e IR 2l 15 HE Sh B iR e A 7 LA
AR E ), eI R RSN 0~5 mm, HR N 0.01 Hz B K46 12 8l 175 R 4612 sh 45 1 5 P T R RS 0
0~40 mm, ##4 0.01 Hz BIFLHiz 3, m s A A AN 12 s e, JA T il R ger 4
F S AR A IR i

50
| 2 susminse —
[ - § 40t " A "
s (hf) | T i 5 28 .
~__ R IR S g 307 Q0L g ff % ;i
3 E ] \ I4O mm} I \
B0 \ I \
A | Smm | \ / \
Vo T d \
tof | . 7 v \
Sl Wit F : v vy \
~_ 0 0.01 Hz
&; \ WYL, EARE 0 50 100 150 200 250 300
i [Al/s
11 B 5 HA J P12 BB AR IR 3 13 13 B i AT &
Fig.11 Basic principle of bench test Fig.12 Displacement input curve of electro-hydraulic servo shaker
3.2 LR

FRATXE T AR B A BT A R S R R, XS R R AR i AR S i AR,
B3 Frz e B 13(a) AL 13(b) J BRdiRoe B M4 i A A S SR I 25 R e o el TR m] 80, T i R 1Y
IHERERIA TGN, 2 5 mm A RE R X TR S BOETHA SRS R B 3
FAMNR, (A el oy 25 . BRI Fade B Il i 2 1 S 450, RA B2 s B0, M



1646 FiEAR 32 5529 B4 104

HE TR, X 2R 2 P T 2 B I 8%, B ECR NI TR SRR b, B
WA AR BRI B A STHSEIE | B G TEIBR | 42 8l el 22 Bl R 457, Rt e T35 10 Y
B2, B PIE B . SR, FRPRR BB R AR SRR R TR IR, PRt iR R A 2
RN PR B P b v RE

9 x10° 9 x10°
S — —iﬂ%ﬁ
727x105N —_wp 727x105N — — Big
L 8 L
7Rl = ~=d 7H——=
5 s | | R
z i N\7.76x10°°N  7.97X10° N % A ! 797x105N
i ' 7.15%10°N = 1'7.15x10°N 7.76x105 N

IR

4 4t I A
3 s - - - N . . . .
0 20 40 60 80 0 1 2 3 4 5
] /s {2 F%/mm
(a) Mt A I (EREm B 22 fh i 2k (b) K4t fe S ERaEA 8B At 2k
x10° x10°
x10° — A5 L — iR
6l 5.19x105N = 6 e
3.77x10°N
4t _ L
I .
Z HH - wl S sn 5:09%10°N 4 =z 5.09x10° N
s 'WO N = ,
N i R
0 L 243x10°N ,f
:‘\ V. 24310°N
2 i i
[ _ 5 iR | R
—4 s s L L L 0 i L L L L
0 20 40 60 80 100 10 20 30 40
s ) /s {ii#%/mm
(c) Hrfird 2 (EREmS 8] A2t £k (d) Pifhid e S EREA 2 th 2k

K13 BT S R KA R X
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S RRIRTERE, L AR 2t iRt . ISR 25, BRp Ml BAYIT A o Bedh, Bt
A RGNS R T EY) S ERIR T 97%
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Tab.3 Comparison of force values between theoretical calculation and experimental test

2 HR JFE4R 1 mm/N 455 mm/N Hifd3.5 mm/N PIAF40 mm/N
Y 7.27x10° 7.76x10° 3.77x10° 5.19x10°
i 7.15x10° 7.97x10° 2.43x10° 5.09x10°

WG 98.35% 97.29% 64.46% 98.07%

RSN B R A0 T (B R LR I s s, EL e I A g (B e T O AL, BRIk 1 4G
P& B [RIIN, 26T PR iRke & 3l ) 2 B i B 153 5 iR g S AR A AR TR, B3 (E W)
AR, Bk T ENE TS B, tuE Rl S R BEAE T BN A A R A0 T PR E b
PERE; SRT0, it — P BT AR B 1, B 177 2O n] RERERR IR B A B HEL S S PRI, Bt
% B PR IR B A i A S S PR (R A SR AR AR, LA NS T S A A R 2

4% it

ARSCEE R ARS8 B O HT Pl 755K, e 1T — Pl A X ] R L, I AT 1 AR
Mz Rt U, HESL 1 R PR B 0 3 )2 A, TG T A2 R s VR F R Bl 22 me R, I3 HT T
FOMPHE e Tl PERERORZ R . )i, F5 T BRI e 5 2, dlad X b e 1 5 e I K4
A BE T IHESBO T S AT B G B . RIS AT A R nT AR R LR 258

(1) A X0 i e e A W SRS i sl et . SR AL RERE o | 2518 oy LU/ AR ERAE 15 Je
PREACTRE 2 R B I

(2) il Ay 5 Bl AR AT A A PO 1) 2 i B 428 5 0 e b e PR, R il VR T 2> B T B i 2
BT ERE, MR A 2 AR AR AE o

(3) BEE R s BHJE FERYHE R, WA PR S T il PERETZ M T I, AR FH AR 455 S BEYERESR AT
Herrifeieit.

(4) ke BRI g0 45 R M 4P JOm 22, BeTHE A5 R 5 H S B IEA R ], i — et
T HEH BT S BT S B

(5) W5 R T Ay AL 9355 B B BRI BT el BT HR BEA 55275, W R I 8 1 4 240 00 M3 2 A K
(ELRIR KA FH T B4 BE D A2 BT 20K
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