$31% 46 wOE 5 W ik Vol. 31, No. 6

2011 4 11 A EXPLOSION AND SHOCK WAVES Nov. . 2011

XEHS: 1001-1455(2011)06-0606-06
i 5K 48 o o R B 8 0 B o o PR B R 5

OBk OB EKALEERN EHE
(L2 SE ) 01X 23 A0 4 %, B JE0) 2410003
2. o B A BT BT AR ARE % B L T35 BT 212003

3. JEHT IR I A A L 2B S8 W) 241000)

FEE . XRIR ARG T AU RS vh i W RE &8 BEATIR 1T . 158 TEER G 75 1B i O 3 B R dme SR AR X 67 783X
2 A5 W A & B 4P ) T B AR AR AR O F IR B2 B AR R 48 b T A IR AR o IRRR SR R AT T 3R 40T
TEULFERE B EAT 7 SEIR I A ST 56 45 SR T A U TR AR ol R RE A RE A SO BRI I A B Rk vp el . BRI
S5 5 IR A5 RV G 8T, T O R G vk U BE 28 00 B SR AL PRI R S 4E

KW : BRNE T RS s LIRS s v R RS s R P

FESES: 0389 EfRZERAE: 130 - 35 XHEEARERD: A

TERR IR R G 5l AR R B B AT oh il B 90 C A VF 2T E . AR A 2 B 3 AT M R
7 i R BRASE A5 5 24 Wk RS % 7K 32 el VR PSS 4 2R BRASE 408 AN IR & 45 0 i 8 38 A R Ay — K
i B BRASE 2 Ak 77 1Y 350 B i 2 R HE R e F8 R 6 1) Bl R 51 S T80 o 3 8 R N ) R A
ik 553 o 0 7 1) o o 8R

A SO TR AT AT R LA L AERRIR R ST 5K I BR A B — R IR b b W RE AR L O
Fr 8T BRSNS 56 T 11 BIF 5 — b 2 T 10 TR R v ol TR R i 114 Bl sl o o B R

1 EBigHth
B 1A PR AR # AR 48 vhds e RE g 4 G i PR v RS FRAR AL . SR N m WIS B NI E N

ke 1A PR A SCA TR AT oo IR BE A 1 T AR U o o 11 2 DI TRAR o IR BE AR S AL A
UNTEL 1 7R o A DA ik A T O ik ) B8 B SR N o A B AT 6L R B o i IR BB 8 I L 350 7 19 B R R

Equipment {
m

T ,j

k y T ‘/“
Isolafor Energy absorbe;} | J‘t |

/Base
- |
PE1 A  RE A RO R IR IR R e AR AR =R P 2 LRG0 wh ol W A o 45 4 1 14

Fig. 1 Model of single stage vibration isolating Fig. 2 Sketch map of Al foam

system with energy absorber energy absorber

» UCFEHEA: 2010-08-20; fEEIHEE: 2011-01-06
HE&WMB : EE PR w45 H (1010503020206)
EE® N & HA984— ), B Wi+,



%6 H B MRS IR AR nhil W BE AR B Bl et B SR B 607

=
&F

Ymo — U1 m/k

Amo =01/ Vm/k
K yoo WRELETCHIRE W RERS T R KA s ano BRI B KGR BEAE . 76 A IR v
WREAS B LT 3 do << yoo CBRIIR R v o W BB 5 AN AR HTD , PR HY g SHARBC AL, IR 4 75 2 A o
i AE e B Ao i RE SR E L v AT A RS RE R

(D

EZ%/\?yiﬂ) Z%m'yf (2)
PRI I A 9 TR o W e A HLOEAE I R &
%m'U§ :%kyimx_’_u' <3)

KA w=Fo (Yo —do) A Fo UL TRER i W RE A (191 2 TR 5% 7+ Fh T B 31 i 139 36028 1 AR R 3 2R
B e ol W BB A A TR 35 T S — A /N 22 B IR A T Pl R B Ly BRSO R OR S s w IR
B R RE AR AR R BB y e — oo BFIRICHIRERE . 20C3) A4

—Fo JF + Zk(%mv% + Fdj
Ymax — b 4)

MR SCHRL7 T, 2 5t 7 F B BRIE 2 0T

- mu, Ln s o [0 Y7
Fﬂvg—Pm|:1+[74D(r+t/2)) :|+7cr ol [ZLe?) +2.74/poy0, (2r +1)t (5)

TR SO

K. F(s)=2n[sarccoss — (1 —s)arccos(l —s)+ (1 —5*)""] s D .n.p ANAREIREE; ¢f N

T VRS 7 T 0 25 T 0 T 1) IO 738 48 5 o O A 00 TS 7 Y S T 4 I 1) JeE IR 5 o, A U0 R R R A 1 i R

I T35 0 R U TR BR R AH X 285 B CRE X SR B KD 5 00 R IR0 T IRNE 9 5 S R A 5 ¢ SR B4 REJRE 5 L oy

T TR AR b iy W RE 45 = B2 5 s DAVl OR B o o WA B % TR 35 D000 38 5 0o R e i o YL R B o o IO B A Y SR
[l s, iy A~ fE G R 5K

1 1 2 1

?mvf :?/@da + ?mvﬁ ©
1

e — 2

o :J@ D
m
8 1Y 2 ) R R T A

a:kymj di << Y < Yoo ®

Kb FONBEEAA XS Oy I PR o o W RE A6 ) R 35 00+ @ D 4 1 B P 3k B2
228w ot S AR DA T A 52 0 AR SCRIRCS Y PR B w1 A 2 ol 1) oo ot S 9 e R AE fl T S5

=0 G 2r D+ T o Co /00000 (20 D1 (9
AEO AE{

Ak WER—FE Ae NEE SR AR, Aw NI TS 0 oh o R 5 A SR B
Cruoe NHHH AR R R S0 — 54

F BT 200~500 kg MY HL T35 T IR A AMEE L IR R B E LB . R
FE 25 2 I e 250 77 2 1) L S SR LT U096 K 0 b o W RE 88 1 e KR T8t 1 o L B T4

K@) ky AHXS T F 0 A2 —A/NE BT LA LA 15

Fmax




608 DS 1 5 et i %315

kA Fan kdot Fu

10
m m
Al
KD Gy 2r 0 T o Con 00000 20+ )t + kd,
a :AEO Ag (1D

m

2 HRESLE

KRR ph T IR B AR R A A, 1SS KA R — R R A v SE 0 R GG AR AR L wE
AR e e i P B 0 A AR B A R AT P S AR SO SR AR IZ S - B B AT
2.1 XWERS

SIEGEF L 4 UK 22 4 B AR 28 (HGGS-100G B #4514 & F b di il 56 AL b 71 202 800 mm X
800 mm X 80 mm AR , 7 B — H KR vh i W RE 28 76 & POy . SRy 400 kg, Ho R 7 24
RER vhir W RE 2% o 17 e R R R B . L VR AR ol W B 4 TR TRD BT 98 39 SN AR 64798 49 . d =5. 5 mm,
HARSZR I 3 fioR.
2.2 XLigkrs

THERE 5] 45 A LAY R 6061 484 4 20 B9, B M FIBEIR 1, =1.0 mm.z, =1.5 mm, HEFTHIE
BRI p,=0.27 g/cm® ,p, =0. 37 g/cm® ,p,=0.51 g/cm® , IAEAF =5 & L, =100 mm.L, =98 mm.L,
=96 mm.L,=9%4 mm.L; =92 mm.L;=90 mm, WEEAHA S A RFBHEE S FRNE , NAL W AH
AP ET 1.2 3 B ROR A BE TSN ¢ 60, 58 2 BT 1.2.3 S AR R AR B E N 01 .00 05 56
3PLEF 1~6 S MR RUIRAD B BN Ly ~Lo . BIANWRERR A5 A231, FR 3R R A1 b o WL RE 45 119 131 45
MR 6061 45 A 4, B Y RERL ¢, S SR IRER 2 R oo s IRBERS I BE S L
2.3 KWHREDW

Pl A 2 S RS 6 30 ML ) A A5 0 A [R) 2% 1 T I AL Y i B AR T DU L U LAY
SRR AT .

200
150
100
S 50
0
=50

~ 100, 05 10 15 20 25 30

. . t/ms
P 3wty S 1 P4 g LR — i AR 1 9 i A B
Fig. 3 Equipments of shock test Fig. 4 The same input of the test-bed
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Fig. 5 Acceleration response of equipments
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Table 1 Experimental results of energy absorber

W% B i 15 dy/mm v /(m/s)
A211 5.5 2.04
A212 7.5 2.11
A213 9.5 2.12
A214 11.5 2.15
A215 13.5 2.13
A216 15.5 2.12
A212 7.5 3.06
S131 5.9 4.08
S231 5.5 4.16
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Table 2 Theoretical results vs experimental results

Amax/ g Ymax/ M
% fE 2% 2 5 e/ % e/ %
S 56 IS H S 56 g
A211 23.4 20.4 14.7 16.7 20.7 —19.3
A212 27.9 20.6 35.4 15.5 22.9 —32.3
A213 31.2 20. 8 50.0 15.5 21.0 —26.2
A214 20.3 21.1 —3.8 21.5 27.1 —20.7
A215 22.9 21.3 7.5 22.7 28.3 —19.8
A216 27.7 21.6 28.2 22.1 29.8 —25.8
A212 29.4 19.5 50. 8 26.7 38.4 —30.5
S131 42.9 34.7 18.0 23.6 32.2 —26.7
S231 51.6 48.1 7.3 25.0 31.4 —20.4
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Passive-shock-isolation technologies based

on Al foam energy absorbers”

HUANG Lian', ZHANG Jin*, ZHA Chang-song',
CHEN Xian-gang', WANG Hui-juan’
(1. Office of Nawval Delegate in Wuhu , Wuhu 241000, Anhui, China;
2. Zhenjiang Watercraft College , PLA, Zhenjiang 212003, Jiangsu, China;
3. Wuhu Xinlian Shipbuilding Co, Ltd, Wuhu 241000, Anhui, China)

Abstract: An Al foam energy absorber was introduced to a vibration isolating system to replace the
traditional rigid and elastic buffers. And the corresponding theoretical analysis was carried out by
comprehensively considering the two important indexes: the maximum acceleration and the maximum
relative displacement. Based on the theoretical analysis, the validation experiments were conducted.
The experimental results show that the Al foam energy absorber can effectively prevent the warship's
equipments from the secondary impact. Good agreement between the experimental and theoretical re-
sults displays that this investigation is helpful for the application of the Al foam energy absorbers in
engineering.

Key words: mechanics of explosion; energy absorber; aluminum foam; shock-isolation; secondary im-

pact
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