DOI: 10.11883/1001-1455(2015)06-0832-07

5B M T A AR R 5 T

T OEVL kR, H B!
(1. MR T AR KA AR T A2 24 B . B e 71 MG R U 150001
2. v I A 00 TR T4 A S\ B — LR ST r L il dE BRI 430064)

TEE : Ao L2 B AR RLER 04 V7 3 ph i P & R G M AR A I HLER L X B AN R 48 T A PR TR A g
AT BB I e 57 ) S B AT T3R8 43 07 o R 4 A A FF AR 235 4 ™ A 19 2 1) {130 008 R 5 o PR B AL %
FUA W gz o b OF W R A R R B R AR, RS R s iR 5 B R G @A A B R 1
= H B R G A PR B AT i R AR e Ty R R TS R bl BRBE R il B A e . BUE R S
W E A5 R LB W) & o 53 15 2% Wi Rz T R gk 380 058 {1 5 380 o 0, R 20 400 238 o o 000 1) I A 3  AE A3 AT IR 3 bl
B 2R IR A5 75 A% FR G A B [ i 1 B 2% I REL e Y R

SRR BRAE A B N A BRIT T s iR B i i T & 5 AR &%

FESES: 0383.3 EtrF R 13035 XEkRERD: A

PO A9Fs A= i 0 2 A A 38 A7 — i T S AT R A R AR SR 55 09 BE A B 00 L I8 MM A= A ) R K
2, I 3 A% TE B T e, T LA IE M Bt b i BB T e R R OR L b 1 R R T B AE 1
18 A7 A U & A R T TG ik 58 AR AT 55 7 L ek o S 00 5 AZOR AR UE LIS ZER bt e RE Y .

25 E MIL-S-901D Ml 5 3% £ Pt vh i 5 B br i vh B , X F i /N T 3. 36 ¢ M52 AR 48 3% 45, vl JE aod
it LS8 BT i it 25 A% o i R e A R Y B R AR A WU T VR Bl o i o B TR N R S
K A BTk 5 A AR 17 B ol S A b A L T X 8 A A B b o B A AR R S L O I B A R B bl
V-5 ALV LI TR B B 32 R A XNV Sl ah s - B AT S I R Y iR s b OF &
FEZKR B K A oo R85 R B X 36 B MITL-S-901D A i Rl R B 7 2y ofr o 5 5 20 47 2o B0(E B4R 52
i s b aE 0 WO R T B VR S o i o B OK R B E S R et . B BUR R X
77 8 v i S 5 5 A% I 8 A AL B IR AT ER A5, [R) ) 05 o 25 1 Shy il JEE 5L 22 206 1 A A B TR R )
FHOB B AL 28 25 4 . AR F 28 3R, o A S ool ol 22 2 Y A S 400 2 %l B 65 4 1) 37 3 o o OF 15 R 20K 25 5
R G AT PV FVBE AL 50 M7 o X6 IR 2838 45 7 77 sl b il S 5 FRAS R) o o BR85S A i 10 AT BRI ST A
I AR AR P R R BRI S %,

1 FHHhEFEEREENNFERE

2 2y it P 15 HE X T e BIL S R SRR UL S T A2 B K T R K b ol AT AR TR B eh il R L (EL
TR b P 5 B B RO 45 5 900 22 S BOK, i dh i i P 5 R AR B A 9 o ol PR L 5 S A B 22
S o SBR[ B FOE SR AR ES A 1 22 BBOE B0 5 40 4 L — MIGE DB B g . AR
TE AR 32 KT K el 28 A7 s, JFC D IS R 998 1) by o AT 1) fRRAB a9 D AR 45 4 2 o e ol 90 14 £ 4 7 A
BG5S T AN [ 437 B 1) 158 7R 32 ) el PR IREAS [A) T 9% 8 o o - £ 2 T 1) U R 25 4 72
2 PR AR A5 A1 R AR E e S 1 A A AT A 2 42 . A1 R A L 2 7K A2 KT H K ol 0 g VR L PR AR L b
B P SRS A B R U o (R T R 2 R B L B REUR — AR 60 Hz Zidt » ELIRAS B A 200
TE PR - BIV AT T 3P 22 2 11 TR A R RO B oK, — R AE 10 Hz 72 . de o ANl

» WFEEHEA: 2014-04-29; fEE HEI: 2014-06-16
E2TR: BRLEHEREMIFFLTH 613157 HE QAP E 4T H (51279038,51109042)
F—1EE: T 4Q989— P MR ABEIRMES: B F.wangjun5613@163. com,



25 Hz" 5 R RS Tl 1 2 e e oK,

X2 e R ORI il &L B,
MIL-S-901D H L5 3 i HY A A5 01 215 oF 1l Je 3
PR A e BRI 1 iR, FEhh R A
TR EE OSSO0 AR A0 A A 4 A T
RO R LR R RU LS TR O S BUCE s N ol |1 R B2
b V5 N R PR RIS Y EE R, sl 2 PR
3 3 R Y 3 A A T T SR il AN [ i 1A
OR7E TR .

24 AR AU 7 ok HE AT F sl b K
TR HE S5 B R A T A I 32 ) T R
F3FiA—HHERSE., B2 NR5%:
—REER N LR . VRS p T B S S :
G2 H , TR AL 2% S A5, — A 1 B A TR s sh i 5 AR B B 1
FIAE K R BV wh o 2000 T A 1 2 — e 2h A b Fig. 1 Equipment under test mounted on the deck

i DI NA:OE TN simulator fixture of floating shock platform
Equipment
under test x,0)
Secondary structure my T

l
ky \—r‘ 3
- 2,(t)

D%ck simulator ﬁxtn{re T

. m, |
Primary structure &, C
T (1)
Floating shock platfarm
- - ",' ml J_
: . ki =291 11 shock wave
& 2 WP AR IR SR T 45 4 Bl 3 iRk A R
Fig. 2 Local structure of deck simulator fixture Fig. 3 Mechanical model of floating shock platform

2 FHHREFENFEBEERSN

TEVFZ AR OL T o B X Ik 3l 28 G800 R 14 52 Wi 2 B2 09, T Z0m ANt SR, 2R AR G0 9 8T ) 401
FH L S B 23 BT B9 02 2R G810 AH 25 1 I [ PA B W 107 D) abh 200 2% 8 R SE R BELJE o b, 2SR 0 CAn T 8 1) 1Y
R AR 2R GE R [ AT AR A B G i BEL e A Y 2R e T LA R . — e 00T i T B JE B R R T
FETFANHIIE K AT 2 R G R AR S 70 ff s 25 JE B i g . i TR s b B R e Y
S I A 5T R S R AR SR AT BE S 0 A ik 5 B OS2 1 SEHE S B BB e i) TE s bl B &R
GuzshforJife . X TR 3 R = H RS, REMBIREN

Ek:%(mli%ergingmgig) (D
HHE N
Ef}%@ﬂf+k2Qy*xﬂ2+kSUg*xﬂﬂ 2)

1 5 A B R A R B R IR RIAS B H P RS RE B R, IRl AR R Bk
R:%{Q¢$+Q<jf—102+q(iyf@>ﬂ (3)



U7 B9 H T R

IE : : ‘
;%@ij—gi ;i 35:1, i=1,2,3 4)
(D ~ORAX O BB i V6 RGNz s s i
Mz +Cx +Kx =F &P
A
m, 0 0 c + e — 0, 0 b+ ks —k, 0
M=| 0 m, 0 1, C=| —¢ o ¢35 —cy |, K=| —k ky +ky —Fky|,
0 0 ms 0 —C3 s 0 — ks ks
x, () F, ()
x=qx:() ¢, F=4F, )
x5 (1) F; ()

PR & R B, R PR sl b P R Z K N KR wp o T I F, () =F, (1) =0,
M T R4 B ERE L AR A 4577 3h ohidi S 6 B9 K TR 58K ool 28 o X DA 45 1 0 B9 6 k5K, TR e AR
HMEXT 205 AT R MARAT E) 2 (o) Wfg AT b X, SR M 76 B 8 28 40 B 0 45 2 80 S K R BB KR b i M D
Fo () KNG BLR 5 T4 % FOBRBEAUL 28 (14 V7 sh b ih 7 & = A i R ek A7 8008 7 76 R fig

i 3 V7 2 eh O G R AT BRI & AP e BE T R S R IR B o OF 6 4R 1 28 s &
ot WY BT SR A o PR R L MR AT BRI A AR T I AT R 3 s R 43 B R ok A iEA T 4y
BE A AL AN 4 BT

7E [ AR I 8 5 kR BV043/85 v, IR 3% % £ (i vh o

SRS LA, 7 10 o o B O R . 6 AT AN BT A

I AR A 4 R 7 B A 6 7 £ o o TR0 4 St hv
ol B v (B 6 I IR A E BV043/85 LI i under test (0
AT VR85 2 3 4 477 4 o S 7 — T !
N RS AP 5 B . A b i R S R AR BRI 45° =k e

f) A B 2 AR T AL RS L TP T 0.1, 1,10 em %6, T 5 % A S A I

J— A5 AL bR R RN TG I I 1g.10g.100g 4% B4 i g 4 A A

B G IEZ A . B 5 s i i el fh 26 v % S 8031 B Fig. 4 Analysis model of equipment under test
W

U, ; 2d, ; Y,
=22 =2%s a, =—%
26{2 ’ : V1 b ! 2[2

A od, i i BTG ALRS o, TG Lo, TG INEE

(6)

2
d2:0.5a59 v]:m:?vs’ 1

10!

Vertical

Spectrum velocity v; & 1300F
1 1100}

900}
700}t
500 [ V. f
300 t

7 4 100 . |

¥ 2 % -100f0 ¢, b ' 40

10! , _300F

10° 10! 102 10° 10! &0
fHz

Time domain
conversion

s

al/(m-s2)

t/ms

5wty i 3 B Ao O

Fig. 5 Time domain conversion of shock spectrum



R 90 SR 7 Y b ol i A B A B R s B 2 L T A 23 BERRBR AR OH

as sin(itj 0 t<nt
a(t) = l (7
azsin[tﬂ(tthg—tl):' L<<t<t +1t
2
DT 4 Fr 7 B 9 3 18 48 3 BT B Y i 3 R 2 1) 7 R Sy
mx (t) +cx () + kx () =ma (1) (8)

M T a () J2 53 Be ek 80, BH K A 2 (8) 13z 3 e Jr PRk BB, 78 s 20 (8) R A7 i 35 ir 2 28
o, SR AR5 Y 28 GE MR L, F P 7 7 B B R R T BT A . A T A v R LR OR i —
A FRGEACAT AT T B9 WE L 50 A5 35 Al R R R o 3 A vk R TSR M o T R RORS W A O
HREX QPR ryw KRB TR . BT LR R0 7 R o AREO /2 LU TR . X Rh 7 6 1 e K
0 8 DR AT LA it ke 4 BRI R o 5 ) AL T A 8 hmxfE BE L T LB AT LA 3 B IR ARG A5 = C8) M [
I A7 AR 415 3
mLZ (¢) + cLa (¢) +kLa (1) =mLa (¢) (9
K

La (1) =X (), Li(z‘):ref”i(z‘)dt:sX(s)*x(O), Li (1) =s*X(s) —sx(0) —x(0) (10)
0

w©

La(t):J e Ma(r)de (1D)

Bl 15 28 A A2 B s AT Z AT AL T AR B AR SR 2(0) = 2(0) =0, X100~ 1D
AKX D1
mLa(t) La (1)
ms® +os+k S5+ 20w, T o
K w, ATHJEIR S RGN A B BHIE L ¢ e RE e Sim AP e RE e mILIE, Rk N .

X(s) =

12

@n = ﬁ, CC:Z?TL kf :27)16071’ §:L (13)
m m c.
B DOMRARX QD) R a () BRI F7 3048 e 32 38 50, FAR AR (12) 15
) — 1 aZTtZl(l"*eiul)_a4n[267\’1(1+e*-"2)
X(S)_SzTLZCw”S er,z,[ st 1+ S ] (14)

LD BRI 18 5 F7 7 ety B 5 i A 800 1 72 Bk G B3R 7R 1 1 il B A i AL A% e i R A K. T T
X () R FTFFEEMMIRL 2 () X X ) FEATHR AR e, () AT RRN

s +ooi
() =L X(s) :%J X (s)e ds 1> 0 (15)

5§ —ool

i 2 C15) BT SR AT AT 4 J7 78 19 B 38 48 o A A 280 A AN ] v ot BR 52 T 19 32 6 W
3 ERSWHEGEMERIE

NGAUE FARTE S bV B 2 RO BRE o A 05 B i 38 [ o BRI S b o A IR OTRE AL il
it ABAQUS HPFBEAT K TR KERA A . 7% 3 vh iy 3F 5 o SUZ R Z5 K 1 X, I M AN IR 22 18] 58 i A
RIS 1 M 32 4 0 DA e ool LB , SR FHARTIE SR8 o, £ A RS AR =2 b 2 2 TR . Rk L 30 ¢ i
A TR ) AT BROT R FORE G TR b A O SRR 2 T ISR 2 b RS e G 4
WK B R BUA T G2 500 4 f5, T2 ) ABAQUS B 41 T BT AC3DA4 , #5458 1 20 %% 2 J
K6 s

IR MIL-S-901D H HLAE B BE A 5 4% 00 - R T bl PR3 d R A T 00 R AT /K T 8 M SC{ELAE 0L 0 A
A 1) s A R P ARG L 8 2 M Ak ) e r] W 57 0 T, AT AT 7 AR B SRR TR L AL B 20 300 Haz iR
U 22 I T B 7 i 2 . KT R K AR 9 B, b ST T Sl bl o B IR L T AR ER



FEICMRL o KRAAE 1.5 ms WF FARASSDUAE T 45 A7 Wi L O 18 3 ok 3 mig o7 066 L 22 ) ey (A DU 2 e
ﬁMEWQWMmF%N@x%W@%EﬁDmﬁﬁZE%MEEmﬁNVW%mTuﬁﬁﬁﬁﬁ
OLAR 75 A0 TR W 7 e AN 0 e R AT o [ RE o R AL I R U A A Bl ) o R HILBRR B
FRAE AR 0 A2 el AT ) 45 KA SR 15 BELJE X 4 S 5 A8 B e R SR AN R T O TR
AT S AR B4 IR ] PN S5 A IR B T e R BN 7R IX 2 R B i R A KOS IR Z R RE R . AR
T o 00 2R T e AT 19 2 28 GEAE A 25 I T8] P A W) 7 DU 200 2% 18 2R R A BELJE o DRIt R 20 M 35 ) 7 e i T
AN G A AL |, T AR AIE S 2 B84 I 18] P9 A 0 137 I L 625025 1S AR SE R BHLJE

Bl 6 TR #0228 TR s oh i - & BB LA 2 1

Fig. 6 Supercharged boiler mounted on the deck simulator fixture of {loating shock platform
R 5 FF RSB 25 A T ) s 2 g 17 B A T O 0. 1 s, 75 810 PR AR 00 21 412 18 45 398 4 0 1) o
BTN BN 5. 67 cm, JEHIE 3. 30 m/s, i 296 g, AR L B A B o BT A AL 1 R
B e e 22 op i IRBE N AR B & 4 FoR 19 SRR | BB R s b o i i BB LR I 2 FNBEJE ¢
B S 55 BB LR E T B A5 . MR 30 « BRI A, B A=20 MN/m, e I ¢=o0. 1, %t
e JO7 AT B 53 BT [ B 5 B AL T AR 0 1 25 SRR AT % L . B AU RN B e T B A5 B Y B ik

LR e AN 8 TR,

8r 5
Original data abh Numerical simulation
or =====Filtered at 300 Hz | === == Theoretical calculation
low pass 3 1'| p
4t I ol !’\‘
= 2 1r‘| ;f‘\ ./\\
@ v | AWA
£ ok alklln.lﬂ fi golll.’.\/ N~ .
< l | I" wqw' / | 0¥V IT0.06Y  Wlo 3 T Y sy [ /10 15 20
S N l | i ¥ ) : bl \,\ II \/
t i tls
4 S 2rj v
-3t \\ |
o} _al J
-gL -5t
P&l 7 2 (o] o o 3 BE e D it 2k 8 A B 003 0 1T 5545 SR X L
Fig. 7 Acceleration time history Fig. 8 Results comparison of numerical
of vertical response simulation and theoretical calculation

M8 AT LA i BUE A LAE R M IS TR A R e W) & TS IE T A SCHF gl o i 7 5 22
WO T I TE B . AR AR R DL 4 At 2 B B A 0 eh i BRI R L B A 1Y e K AL A R
4.0 em, 5E 7 ZRACREIARL, B A 7 B8 i L s ok B i KA . I P[] 22 1 T 2 3 R D[R] IR
R A el A 1) (AR AR G P . el R A Z S i T R GEE B PO I B R AL T E
TETE S oh i~ & L AR S BB A8 1) = A B R ST ol TR B NI B2 L BHJE AR 8O gl b il



15 32 B A KT HR K b 2 X LU A | [R) A A7 P B2 A A 4 25 ) A e S A R T A6 A £ A [s) o
T PRI A B 5 by B AR G Y o e SR A . AR X (14D ~ (15D TR SR Bl 2 1R A [] o it 2R
B8N B AL W IO 4 5 A A T B el P 65 25 A% S 0 TR A 8 8% o B E AT A L 5 S YRR AU 2 IR 1Y
Bt KFE s b i GOK TR KESL R R 1T

4 % it

X Bl i o 5 Bl g 0 e AT T RS SR B S S M B T A R i A 2 R A
W AR EER A YRR AU Al B 45 4 L X R Bl eh i o B BB O MLBRHEAT TR T . AR K R R R ol AR
2 AR A B 77 3 vh il o B PO s B R G ] AL A AT BB 9 = A i B SR Ga PR S AR, A
XA A 0 L 70 A N, TR P gl i i o 15 S A 25 15 A 10 o ol PR L 5 IROAS SO R D5 1 08 38 A ) T
IOLHEAT PR SR AR o A2 K T H K i o o 9 B 7 I 7 TR S ok ) e DR A i P ] A 72 e i 7 06 {1 3% i 2
B o IR Bl 91 25 AL oy i A 1) AR U . 3 B BB A i O 0 L IR T S 2 BE A R Y BELJE L T LE 0 B R TR
FF [63) 1% 0 7 P 0 200 2% 5 BEL 2 ) 82 0 T R 5 PR 2 R 2 A D ik TR R sl el o 5 B e M ol R AR
% B B A R LAY M R S S

5% Uk
(1] Evrmk, 815 4, 78 5 26, MUY B & K R R KE oh o BEULAR MLEES 0 B LT 0. A RHEOR 52 24 4l A AR B I, 2008 5 36
(7):124-128.

Wang Gong-xian, Hu Ji-quan, Wang Yu, et al. Numerical modeling and mechanism of a simulator for underwater
explosion shock loads on warship equipments[J]. Journal of Huazhong University of Science and Technology: Nat-
ural Science Edition, 2008,36(7):124-128.

[2] MIL-S-901D, Shock tests, high impact shipboard machinery equipment and systems, requirements[ S]. US NA-
VY, 1989.

(3] ZEEME, X, KA. T30 vhidi 7 6 KT MR AE o 3500 & 5 40 Hr L) ). AR A0 1% ,2000,4(2) :51-60.
Li Guo-hua, Li Yu-jie, Zhang Xiao-ci, et al. Shock spectrum measurement and analysis of underwater explosion on
a floating shock platform[J]. Journal of Ship Mechanics, 2000,4(2) :51-60,

(4] FBE Ao, BAMGITE X L0046 R A G2 0h 7 & 7E K T MR K 2 A 7B TR ohai g B2 43 BT L) . B4 54 . 2012, 30(18) - 37-
40.
Zheng Chang-yun, Zhao Peng-yuan, Zhao Hong-guang. et al. Shock response of buffer platform for equipment in
under-water explosion[J]. Science and Technology Review, 2012,30(18) :37-40.

(5] sk TS whh 7 & % 200 B bt vhdi 58 0 BB 05 TR LT . ik 3h 5 i . 2010,29(12) :60-63.
Zhang Wei. Numerical simulation for shock resistivity of shipboard equipment on floating shock platform[J]. Jour-
nal of Vibration and Shock, 2010,29(12) :60-63.

[6] Kwon J I, Lee SG, Chung J H. Numerical simulation of MIL-S-901D heavy weight shock test of a double resilient-
ly mounted main engine module[J]. Journal of the Society of Naval Architects of Korea, 2005,42(5) :499-505.

(7] Bt BRar Bt B 268 MIL-STD-901D bRtk g 58 7 & AT R T 26 & Z R se 1 4 M0, B 5 TR #
AW H],2009,5(2) :35-50.
Liang Zhuo-zhong, Chen Li-xian. Heavyweight shock-resistant shipboard equipment: A numerical study using an
MIL-STD-901D floating shock platform[J]. Journal of Science and Engineering Technology, 2009,5(2) :35-50.

(8] A0, A Al At AR MG L 55 KT S bE vh i FE I T S 7 B il g e v (T, WS 5, 2012(6) : 23-25.
Yang Li, Du Jian-ye, Du Zhi-peng, et al. Security analysis for floating shock platform test subjected to underwater
explosion[ J]. Noise and Vibration Control, 2012(6) :23-25.

(9]  kZE. KAUMARIK T B AE 45 22 2P 5E (D], Ma /R I« WA IR I TR K 2% ,2008:66-70.

[10]  ZRA I, fuf sbk. ARAAHUARR Zh 42 % LMD, b gt BB Lolk d kAt , 2006 : 17-32.

[11] Zhang A-man, Zhou Wei-xing, Wang Shi-ping, et al. Dynamic response of the non-contact underwater explosions

on naval equipment[]J]. Marine Structures, 2011,24(4) :396-411.



[12] LiJ, Rong J L. Experimental and numerical investigation of the dynamic response of structures subjected to un-

derwater explosion[ J]. European Journal of Mechanics, 2012,32:59-69.

Response analysis of shipboard equipment under
test on floating shock platform

Wang Jun'?, Yao Xiong-liang', Guo Jun'
(1. College of Shipbuilding Engineering , Harbin Engineering University ,
Harbin 150001, Heilongjiang, China;
2. The 719 Research Institute of CSIC, Wuhan 430064, Hubei, China)

Abstract: For the study of the mechanism of shipboard equipment on floating shock platform with in-
stallation of deck simulator fixture, the numerical simulation and theoretical analysis were carried out
through building the finite element model and the mechanical model of the entire system. According
to the vertical lowpass filtering characteristics of the deck structure from the hull, the function of the
deck simulator fixture which can reduce the impact of high-frequency percussion and meet the require-
ments of equipment mounting frequency was put forward. The examining system of ship board equip-
ment under test on floating shock platform was simplified to a damping forced vibration model of the
three-axis system. The response of the shipboard equipment in different shock environments was cal-
culated by Laplace transform. The results show that the numerical simulation is consistent with the
theoretical calculation. The response of the equipment under test increases rapidly to maximum and
then decays with time, and the vibration frequency transforms from high to low frequency. The
damping effect should be considered when analyzing the long-term response of the examining system
of the equipment under test on floating shock platform.

Key words: mechanics of explosion; equipment response; FEM; floating shock platform; deck simu-

lator fixture
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