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Simulation on hypervelocity impact characteristics of
stuffed corrugation-cored sandwiches

ZHOU Hao', GUO Rui', NAN Bohua® , LIU Rongzhong'
(1. ZNDY Ministerial Key Laboratory, Nanjing University of Science and Technology, Nanjing 210094, China;
2. Shanghai Aerospace Equipment Manufacture, Shanghai 200245, China)

Abstract; Based on the demand of the spacecraft protection against the orbital debris, numerical simulation of a new designed stuffed
corrugation-cored sandwich under hypervelocity impact was carried out. The hypervelocity impact process was obtained, and thereby the perforation
of the sandwich and the characteristics of the debris cloud were analyzed. It can be seen that the phenomenon of stuffed corrugation-cored sandwich
under hypervelocity impact is similar to that of Whipple structure, but the head velocity of the debris cloud is lower and the expansion velocity
and expansion angle is larger. With the impact velocity increasing from 3 km/s to 10 km/s, the size of the sandwich perforation increases
accordingly and the shape of the perforation becomes more irregular. Furthermore, the epoxy stuffed in the sandwich absorbs most impact energy
of the debris while the front plate and the corrugation core absorb less energy. The research can provide some references for the design of orbital
debris shield.
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Fig.1 Simulation model
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Fig.2 Diagram of stuffed corrugation-cored sandwich
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Tab.1 Parameters of corrugation-cored sandwich
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Tab.2 Parameters of simulation model
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Tab.3 Key parameters of material models
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Fig.4 Process of stuffed corrugation-cored sandwich under hypervelocity impact
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Fig. 6 Perforation characteristics of stuffed corrugation-

cored sandwich under impact of different velocities

L 6 Al LA, SR Z S 27 FL R
W5 1R 00 3 496 DT A W R (L 2 00 3 Y
AR FLIRT (0 38 ok B W 7 A2 /o R EE Y
AT ) B LR R FEAN R O3 i 0 T, 2
FLB ) RO AR 28/ T 901 RO i 5Bl 6 4
W PR SO 2 A AL (O BRER BE AN, 2
FLAERATr ) E i 28 fLRT Z 22 s ok, W L %
FLICARTE AR
2.3 BEREGEAER S

A3 AR Rl PSR 2 R ) TR 7 A
SN TR 5 R e ORI 2, AN [l
dr U NI T R o AR RBCHE AL, SRR
TR 7 P, Hor, i 1 e 2 Sk r
B, 82 AR AR K R R KA

7 MBI ST
Fig. 7 Typical shape of debris cloud
FAERE A S A = Sk i
ENE 0] STHNL AN S 7§ s
TERE 2= R KRR B2, BB S WL 4t o By 47 245
I R B9 O 0, AR S5 SR (19 ] iyt
SRR W s R A T (1) TR



IES RS W €2 = L A GRS BUET v b e i -6l -

vy , max vy s

[N}

tanf,, = (1)
ux,Z vx,2

K10, TR BRI 50, TR EE T
SRR G FE 50, , R v, , 430 7R A 2 7
R Bt ) RS AR ] RS

MR (1) X5 B 45 R AT Hr it 5, 15
FIRRISAE TR 2 0 Sk 0 B A% 1) dic KR ik
R DL SR K AR A8 S8 [ B 5 A ) e B
Whipple Z5 14 (% - = Z80EAT T X L, X 265
SR R T Z B O R A WK 8 (a) ~
(¢) Fims.

Bl 8 () Ayl 48 i I S0 e J2 454 J TR I e
F 2 I S T R I A o ) R A AR R L, R R
SIS AL P B o ) TP 3 R T R T R, HL
KGHGEALT LN, @t S-S Whipple 2514 1E
BCRE F 2 Sk 30 1 B A0 %ok b T A o B o A R
3 km/sH, AU 2 SRR B 2 10 Sk B B KT
Whipple £544) , {H 5 48 o 907 3 (0385 K, Sk
JE N2 /N T Whipple 546 (1), H.19 % 22 {64 %
W K e, DI FE R s R T e
B JREEFTE R R 2 1 3k 3B B2 /N T Whipple
S5 ORI R AR R RE I Bl 4 RO R

P 8 (b) FerR T A 2 A% 1] g ik di K3k i 5 e
iR 2 (8] 14 56 2R, 448 1) B K B O B TR A
W ok A0 TR 4D 4 R T 32 34 1 A, T L L R
BRI Bo Oy SR 3 € =L (DI A A e
2 A8 ] B ik B K B R 24 K T Whipple 2514
(14, T L Bt o 4 o ) 1 38 A L 4 2 A 4
T

&l 8 (c) i 2z B ik Y- # bifi i o ) 1Y
A , I K21 £ T A i 42 o5 400 8 ) 3 DR T A
W oG, Ho A nl U b . L, BEE
T WI R, B BT B R A B
JUEE I ELAEAR ) A dE o R Sl i sk 2 A
FOIE B 2 B B B2 B K F Whipple 2544, 140
BH I S0 S22 25 AR %233 (B AR P o B i B A 1Y
SyHUE R, AT LA 5o/ i o A oK 2 R RE R 1
RE A A AR B E R
2.4 ERXNFYUREEHEEERBFE

R SR B 2 )G, — B i 3
BRI 2 45 14 19 25 2H BGHR  WAc , fi175- g et 43
G0 T AR TP RE B U T K 8 R RE L PRI A 11
it

SR UNE IS N A R R = A Tl T
Whipple 2544 78 fi o5 32 72 v 0 5 fg 7 A9 % bE ]
A TE DR R, S0 S AL A BRI S

9000

| A

8000 + ]
2 07 RO
< 6000 4  Whipple£iii
% J
= 5000—-
{_’é 4000 .
i |
#3000 4

2000]

T T T T T T T T
3 4 5 6 7 8 9 10
fEEd I/ (km/s)
(a) R 2 3K & o B i 43 o ) 3t A A AL
(a) Head velocity versus impact velocity

3500

3000 | ]
2 2500+ . A
= | w EFERELRESN
% 2000 A Whipple#fy .
X 1 A
g 15004

] 2

)
= 1000 4
@ |

500—- n

0 T T T T T T T T
3 4 5 6 7 8 9 10

k903 / (km/s)
(b) 1R =48 1) T e ke i B 43 o ) s A8 A A
(b) Maximum velocity in radial direction

versus impact velocity

34
32+
HR AP LIRS
Whipple£4 ) . A

30

> =

28 -
26 -
2 -
2

Rz C)

20
18 4

16

I / (km's)

() FER =IZAKF bt e o o) e 2 A ML
(¢) Half expansion angle versus impact velocity
K8 #h SRS R
Fig.8 Parameters of debris cloud dependent on

impact velocity

Z WY RER , HLIX RO 350 il 5 3 o 400 3 18 38 K i B
TIBA A, i B B0 J= 2540 BE A X 5 (] 4 7 )
iy BESE BI B4 1 ORI BV AT, o LRy 3 4
REA o

BEAh, AEAN TR o o s, P8I SR 4 A DY



62 (FE TR SR S AN S

%39 &

AR 73 14 RE R SO B A TR A, HAR
K 10F 7

7000

6000 A
= BFERELACRELSH
50004 A Whipplef&H

[

4000

3000

RERRKE/

2000

1000

0

3 4 5 6 7 & 9 10
g/ (kns)

KO BEt M Rt o) A2 A LA
Fig.9 Energy absorption depending on impact velocity

2500
M
= HiER
2000 o JEEMR
BER
- v IR
~. 1500 \ 4
@ o
J]]%ﬂﬂ 1000+ B
& v "
L [
500+ "

3 4 5 6 7 8 9 10
T IE 2/ (k)

K10 P80k JZ45H 4 570 e i s ol
Fig. 10 Energy absorption of different part of

stuffed corrugation-cored sandwich

A 10 AT LA AN A A f o g e R, 7
BB JZ A5 B DU A R 23 v, TSR T e i
W BE R f5e 22, LU I RS, T L 9 3% it ol )
3 I RE IR SOH O, H a5 1 9
S RE RSO R I ARELZ T, AT I A A
SR RE /D, S L HC I 48 ol 400 3 48 R
FEMGHE RE I/ o 38 5 53 B TR, £ 25 (8] 4
Hr SO Z A5 B A T, A5 4 R 2% T 0 4 f
P BT A9 K A T TR A 92 SR L SECTE AR IR R T
A, PRI 225 T 148 -5 I v B B SRR 22 fi ik
JERR PR, Ik ) A5, S B0 A o BT I AL P R
MR B o e AR AT, 2 B A Ay 3 R AIG EL
PR , DRI 5 SRS RS0 A0 v A 42 f 1 AR
ARR, T f P (], 3K R 7 MR RE AL
17 ELARE e 0B R, AN [ 45 4 £ -5 2 [ e e ) 4
S P ] 02 i R L 11 22 S A0 S 1A A, DAY L
MR Y 22 S R B R o X TR SRR A4 R, i T
FORAT A5 1 RE f W ks o8, 0 ELAE 25 4 Hh e

i PRI, DR IG5 TR - ik P 17 i <, G
WA RE T iR 2

1) BRI R i g 43 o 5 s 80K J2 B
A SR A R ZURBER T s T s Bl A e
h o fEd 45 Whipple 251 (AR, (H 4 R
Z S /T Whipple ZEH4 1Y, 1142 [i 182 ik
R RH B AZ AR A1 KT Whipple Z544), Xt T
Bl RO B A ] o

2) BT AR O, BN AUk R 4
A IR AR E A ™ o, el 2 AL RO, HL
ALAEPRATT ) LA RS Z 22 AW AZ K, 2 £L
FEARTE AR

3) HFEAPEORIZG A B
(2 18R R BE R AN TR 9o e Hp, SR IR X
R fi ol R e 14 MR AL o Wk i A, T A T I i )
REHEPIr o PO TR o A, i T v A R 5 AR R e
fi o RE A A IS ST R AR/, XX i B4 A I A
WITAAERENSEE L,

S 2 3Rk ( References)

(1] B, Wik, momme, S5 2 ) 0 by s 28 H R & e
L], Ebrkas, 2014, 28(3) : 63 -67.

CHEN Rong, SHEN Lin, GAO Chaohui, et al. Study on the
development of the orbital debris mitigation technology [ J].
Space International, 2014, 28(3) : 63 —67. (in Chinese)

[2]  Whipple F L. Meteorites and space travel[ J]. Astronomical
Journal, 1947, 52 131.

[3] Christiansen E L, Crews J L, Williamsen J E, et al.
Enhanced meteoroid and orbital debris shielding [ J ].
International ~ Journal of Impact Engineering, 1995,
17(1/2/3) : 217 -228.

[4]  Cour-Palais B G, Crews J L. A multi-shock concept for
spacecraft shielding [ J ].
Engineering, 1990, 10(1/2/3/4) : 135 — 146.

[5]  Schonberg W P, Tullos R J. Spacecraft wall design for
increased protection against penetration by orbital debris
impacts[ J]. AIAA Journal, 1991, 29(12) ; 2207 -2214.

(6]  kfl, PESR, 4RZRM, &5, MUICARBOR B A4S B W A A

Bidror g [T]. W /R B Tl K424 40, 1999, 31(2):
18 -22.
ZHANG Wei, PANG Baojun, ZOU Jingxiang, et al. Meteoroid
and space debris shielding concepts for spacecraft[ J]. Journal of
Harbin Institute of Technology, 1999, 31(2): 18 -22. (in
Chinese)

(7] GEWISR, FRADE, tROPIE, S5 20 B0R6 R AR H & i
FRIER S SRAT S (D] W B 2% 4, 2014, 63 (2):
206 -215.

HOU Minggiang, GONG Zizheng, XU Kunbo, et al.

Experimental study on hypervelocity impact characteristics of

International Journal of Impact

density-grade thin-plate [ J ]. Acta Physica Sinica, 2014,
63(2): 206 —215. (in Chinese)



552 3 JEI 52,4 SR s SO 2 45 F e e A R 63

[8] KA, IR, XK, . e diE T Kevlar £F 4 A 6 [13] Yasensky J, Christiansen E L. Hypervelocity impact
TR A ()], SR, 2013, 27 (1) evaluation of metal foam core sandwich structures;
105 - 112. JSC63945[ R]. NASA Technical Reports Server, 2008.
ZHANG Baoxi, HA Yue, DENG Yunfei, et al. Optimal [14] Taylor E A, Glanville J P, Clegg R A, et al. Hypervelocity
structure design of stuffed shields with Kevlar fiber clothes impact on spacecraft honeycomb: hydrocode simulation and
against hypervelocity impact [ J]. Chinese Journal of High damage laws [ J ]. International Journal of Impact
Pressure Physics, 2013, 27(1): 105 —112. (in Chinese) Engineering, 2003, 29(1) : 691 -702.

[9] FEHIE, Wikis, ks, 2. iR aS [l e #E B i [15] Tillotson J H. Metallic equations of state for hypervelocity
B R AT ] WURAR PR TR, 2012, 24(3) impact: AD486711[ R]. NASA, 1962.
125 - 130. [16] Johnson G R, Cook W H. A constitutive model and data for
GONG Zizheng, YANG Jiyun, ZHANG Wenbing, et al. metals subjected to large strains, high strain rates and high
Spacecraft protection from the hypervelocity impact of space temperatures [ C |//Proceedings of the 7th International
meteoroid and orbital debris [ J]. Spacecraft Environment Symposium on Ballistics, 1983.
Engineering, 2012, 24(3) ; 125 - 130. (in Chinese) [17] Gruneisen E. The state of a solid body: AD215056 [ R ].

[10] %, ASHE 5. 35058 2 By 4 45 44 3 58 = 43l o o0 4 NASA, 1959.
FELI]. BAMIK, 2013, 19(1) : 10 - 14. (18] Mgk, &%, Wik, 5. M T IELE D B Whipple #
YAN Jun, ZHENG Shigui. A research on middle layer impact EHEEG RS R T]. FAFER, 2005, 26 (4):
characteristic of stuffed Whipple shields [ J ]. Manned 505 - 508.
Spaceflight, 2013, 19(1) ; 10 —14. (in Chinese) LIU Sen, LI Yi, HUANG Jie, et al. Hypervelocity impact

[11] Christiansen E L. Meteoroid/debris shielding: NASA/TP - test results of Whipple shield for the validation of numerical
2003 - 210788, S — 898, NAS 1. 60:210788 [ R ]. NASA simulation [ J ]. Journal of Astronautics, 2005, 26 (4):
Technical Reports Server, 2003. 505 -508. (iin Chinese)

[12] Christiansen E L, Kerr ] H. Mesh double-bumper shield; a [19] Corvonato E, Destefanis R, Faraud M. Integral model for the

low-weight alternative for spacecraft meteoroid and orbital

debris protection [ J ]. International Journal of Impact

Engineering, 1993, 14(1/2/3/4) . 169 - 180.

description of the debris cloud structure and impact [ J].
International Journal of Impact Engineering, 2001, 26 (1) :
115 -128.



