XEHS . 1000-5773(2013)01-0105-08

HB5iREDL Kevlar F 2%
IHFEIPETAR

KEE,% KBz VEEE

MG IR Tl K2 K2 B, BB VLG /R 150001)

WE., Al 4B A, 3t Kevlar 4F 8 i 7 Whipple W &M #iT T H G HEHF LK
R, #T Nextel/Kevlar BH W R o &, 20 T £ & XK E Kevlar 4 4 A 70 5 3 4 ) 4
Wrap e L ROE AR A E R, £ K W, Kevlar 4 4 47 3 7 Whipple 7 #* £ 44
EREREARBNGFEE., 2 B4 A TR E Kevlar 4 4 4 8 £ Whipple 7 3 £ # £ (&
HEXEFEE, AREARX Kevlar FELFTERFERAEN B E LT R Z KA
s EmEKX Kevlar Ff L FAEGIRE MK RAMI G E B ABBEIEMAN NGB SOE
IR, I\ T R R AR BE B AR AT

KB BE AL L Whipple 7 37 4544 s Kevlar 447 7 37 4 14
FESHES.: 0347.1 X EkARIRED . A

1 35

12 3T A Y S ) ML S 90 L 2R 80 A R0 Aoy L 25 18] 49y 1A il 488 77 26 ) 90 R L A K e 0 3 e 7 1Y
B A HE 1 7 3RCHT B PR D s TR A o B O R 4 i S 0 L %0 4 I A iz A 0 K i 4 e A A
AR B H S TEL R AR s AT BE IR R TR IR . RS TE R R B 2 RO R R A SR A A
B T BV R A WL AL N aS 1E) R B0 4 T 2 SO S K A AR T AR L S BN 4% 0 5 0 Uk
RO AT R AR R NARE . TR TS T BT 574k 10 8 i S84 o 4 1 L oF 70 K 48 By 47 4 4 19 e A 152
TTEXHE,

KAERFFE W] B 7 Whipple B 972546 14 B 47 ML R 55 BTSRRI L B 47 5 1% B4 bk B JBE | ik
AR BT AR BLIE M B2 R B BRI (& )2 MBS e . A ANTREAT T R Kevlar 21 4k A #
U SR R TR P R e BT AR F HSE I A AN AR IR PR A 2 B 25 e A7
TE—E 22 5% Tk R GE TS Kevlar 2F 447 0f 4 i 43 o i B P PR . HAT, & 7% A Kevlar 27 Zifi
75 Whipple B 4745 84 (4 B 97 RE 8 E K Kevlar 2F 2 A5 #5405 (0 BF 52 4 48 2 L {2 X B — Kevlar £F
2R A SEUSE (1 445 KA A1 Joy % o i o 4R ok B 9 A RE L A BE R SRCSE A RH 3 5 e B E AR R =

AWEFEE X Kevlar £ 4E A 58 Whipple By 374544 CRLZ FUSUR PIRR 254 , 147 8 48 o S
F g i LI 45 R 5 Nextel/Kevlar HUFE Whipple [ 377 45 #4) 9 48 o i BR it 2 £ 47 X LE L 70 B Kevlar 27 2
A AU Nextel £F 4 A3 X By 47 45 44 1 BE (9 52 Wi, S L K 45 B 47 45 44 19 61 ) 308 36 0 45 4 0 2 ik o R
HF.

i

« W BH. 2011-07-13; fEE BHE. 2011-08-15
EE BN KEA (98—, B WA, B = 3 o 35 1 2# 9%, E-mail: 15244610859@163. com
BIRESE . 1 BRA1956—), 55 14 I 22, 322 Ul & il 8 5 3l )0 24 P 9% . E-mail : hayue@hit. edu. cn



L7/ il %27 &

Iy
=i
)13

106

2 XWRFESHE

S5 R R R I Tl R A i R T S L B R R SRR AT . SR R BALR
TR RSP E U O RS SRR E NI 1,

High speed camera

1

Diaphragm Laser beams

Piston Projectile
I o —
Pump tube / aunch tube

Pressurized chamber

High pressure coupling Target plate
Measurement tube

Impact chamber

1 e E  SR R R

Fig. 1 Schematic of impact experimental set-up
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Table 1 Experimental results of stuffed Whipple shields with Kevlar fiber clothes

No. d,/(mm) m/(g) v/(km/s) Filling material damage Bulkhead damage Checker damage
1% 7.94 0.730 0. 60 Thc second layer _ _

is imperforated
2% 7.94 0.733 0. 80 Completely perforated Imperforated and bumped _
37 6.35 0.375 1.12 Completely perforated Im]‘:)erf'()ra'ted and the _

projectile is embedded

4% 6. 35 0. 375 1.16 Completely perforated Perforated The second layer has two bumps
5% 6. 35 0. 375 1.40 Completely perforated Perforated The third layer is perforated
6% 7.94 0.732 1.81 Completely perforated Perforated The third layer is perforated
7 6. 35 0. 374 4.06 Completely perforated Microcracks The first layer is undamaged
8% 6. 35 0. 375 4,24 Completely perforated Perforated The third layer is imperforated
9% 6. 35 0. 375 4. 34 Completely perforated Perforated The first layer is imperforated
107 6. 35 0. 375 4.42 Completely perforated Imperforated and bumped —
117 6.35 0. 375 0. 87 Imperforated — —
127 6. 35 0. 375 0. 80 Imperforated — _
137 6.35 0.375 1.06 Perforated Imperforated and bumped —
147 6. 35 0. 375 1.31 Perforated Perforated The third layer is perforated
157 6. 35 0. 375 3.97 Perforated Micropores The first layer is imperforated
167 6. 35 0. 376 2.20 Perforated Perforated The third layer is perforated
177 6.35 0.375 2.20 Perforated Perforated The third layer is perforated
187 6. 35 0. 375 2.97 Perforated Perforated The third layer is perforated
197 6. 35 0. 375 3.87 Perforated Imperforated _
207 6. 35 0. 375 3.92 Perforated Perforated The third layer is imperforated
217 6.35 0.375 4.39 Perforated Perforated The first layer is imperforated
22% 6. 35 0. 375 4. 46 Perforated Perforated The first layer is imperforated

Note: (1) m,=0.531 g/cm? in all impact experiments;
(2) The stuffed Whipple shields with Kevlar fiber clothes employ the double-layer packing structure in 17-10% and single-lay-

er packing structure in 117-22%,
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Fig. 4 Damage morphologies of cabin walls in stuffed Whipple shields with monolayer Kevlar fiber clothes
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Fig.5 Perforation morphologies of Kevlar fiber clothes in stuffed Whipple shields with monolayer Kevlar fiber clothes
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Fig. 7 Damage morphologies of cabin walls in stuffed Whipple shields with double-layer Kevlar fiber clothes
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Fig. 8 Perforation morphologies of Kevlar fiber clothes in stuffed Whipple shields with double-layer Kevlar fiber clothes
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Optimal Structural Design of Stuffed Shields with
Kevlar Fiber Clothes against Hypervelocity Impact

ZHANG Bao-Xi, HA Yue,DENG Yun-Fei, PANG Bao-Jun
(School of Astronautics  Harbin Institute of Technology s Harbin 150001,China)

Abstract; A series of impact experiments are conducted to investigate the ballistic performances of
stuffed Whipple shields with Kevlar fiber clothes using a two-stage light gas gun facilities. Based on
the impact limit curve of Nextel/Kevlar stuffed Whipple shields, the protective performances of Kevlar
stuffed Whipple shields,the damage morphology and mechanism of stuffed material and bulkhead are
obtained and compared. The main results show as following: the stuffed Whipple shields with Kevlar
fiber clothes have excellent protection performance at the low impact velocity;the double-layer packing
structure can improve the protective performance. Kevlar fibers sufficiently absorb energy by plastic
deformation and fracture when the impact velocity is low. In addition, high temperature melting and
carbonization phenomenon appear in the hypervelocity region, which help break up and melt the pro-
jectiles that minimize the damage to cabin wall. This exploratory method provides us a useful way to
make the ballistic performances of stuffed Whipple shields more perfect in space debris protection
field.

Key words: hypervelocity impact;stuffed Whipple shields;Kevlar fiber clothes;protect structure



	f_高春晓
	f_刘照星
	f_李季
	f_杨炳飞
	f_王树有
	f_程扬帆
	f_刘建军
	f_许金余
	f_李梅
	f_苏灏扬
	f_毛勇建
	f_赵长啸
	f_邹立勇
	f_彭冬晋
	f_张宝玺
	f_唐恩凌
	f_李晓杰
	f_姜夕博
	f_姜洋
	f_许文文
	f_章中
	2013-02.pdf
	f_洪时明
	f_龚自正
	f_靳锡联
	f_陈军
	f_冉翔天
	f_于超
	f_任会兰
	f_李翔
	f_李健
	f_张新
	f_赖华伟
	f_朱祥
	f_赵海涛
	f_张源
	f_王涛
	f_张博
	f_李建营
	f_刘文彪
	f_段中山



 
 
    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.622 x 11.654 inches / 219.0 x 296.0 mm
      

        
     0
            
       D:20261020154712
       839.0551
       Blank
       620.7874
          

     Tall
     1
     0
     427
     256
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     None
     None
            
                
         1
         AllDoc
         169
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     0
     155
     154
     155
      

   1
  

 HistoryList_V1
 qi2base





