%49 % o552 10
2020 4 2 A

BAEEEMBSIE
RARE METAL MATERIALS AND ENGINEERING

Vol.49, No.2
February 2020

B,C-Al EE SR EiER
8= R E IR P N A 5

2 &2, s, RBEY a4, ¥R, KOEYS oA
(1. EAE S R L, )1 48B3 621000)
(2. BTRHERE, DU)I AR 611731)
(3. ALK, L7 PRFH 110819)
(4. VHERHRE:, PU)I ZRFH 621000)

HER ', &

OO T IR SRR NI 2 VR b e A I £ 9 e

s KRG E TR REL B 2% T BJC-Al B &1k

HAHIET BaC-Al ZE0h 57 1f) Whipple XA AR B4 M 7Y, )R e S 0 SR TE 3~6.5 km/s (Wil RSV [ Y %) BoC-Al 280!
DEFISLAL B2 S 2 v ot T e v it ok TR PR AN IR T 3 R IR b of g FLARRAE S SRR AE . W S 5%,
#54 SEM RWOWBIUS L SR EDS JCER AR AMAT, AR T A R o A bR el o e o ey 2 6 B DA R S Rl e o
BUHZ MR R 7RI, BaC-Al it l LA SE 45 R B A e S o 3oL 2 A R i s, I B ey 4
JE S S B AR UE L b B AR GE RN R BRI o W 7 = R 40 Ak L SR 2 T 3 3 B HR 2 R 7 A 2 BaC-All b i 3K 45 5
BRI B IR R, WFIUES R BaC-Al JE ST A ARt 2 [ R 1 8 et it o 1 B 7 B SR A 77— R B R AR S

KA B.C-AL SRR BRI B0 # 2
TEHS: 1002-185X(2020)02-0487-07

FE%5ES: TB333 XEkFRIAES: A

FEIB AT IR 28N A8 G0 Hh 25 38 52 5K A N A 44
DA S BN IR 2525 (B (140 oy T o pgl R 6
IBBLA B LA AR, B RS 1
JEOK 2 LA b 23 TE R m DAL 3o S R R 2 4 8 2t
FLRIRE, AR TN T 22 KAOR 2 00 23 (B e I TG i A T 1
BRI, PEBfAE A R PRBEI H 25584k, k3
2016 “F25 [ F B R £V IE 7000 t, T 2 i) 22 K 2 i
FE BT AT, R, BT A AR PR
FRWOR BN T B i B i B 5 % . &
A [AIE P B3 E5 4, I Whipple B AL, LT —
SE [ B P 2 B0 O S AR AL, FLrh T ble (AR A 2%
MBE) AR R R AR e A A o d R o R TR R
BT RO R, FE R AW 5K R R e =
ghfey, T SR D T B REXT I R (B RR A S %)
HOEEd

T WURAR B R SIS B AR 51, TR AR
PR H AR T BR ], AR AR R R AR
(2 EHEH T R RS a2 P F IR KL
DR R 3 ARG 52w LA RO i AR £

YgFs BER: 2019-02-20

M A 2 T BT S5 A R G B MRS < 8K s
S SR AR, A 2 op 7 N X
M VR IR RE AR, DRI B A R B R R B
FERFASRAME S ST RIB B B8 1A 2112 ByC B
HATEEAL MR B DU Rl AL 2 R e 1k
UFREA R, AER TR LIRSS LB 7 i 45 LA
JS2 Y, R0, AR B C BRI 22 HoE LB 45
S AR R B Bk RAERAT R AT
SR LR A PEREN ST PR RUR & 4 i  8  BRALA
T AR EPERIE R, 25 BC TR A
B m AR, ByC-AL LT G MR A B AR R
F WIELE . RAMRARSEILS, HAEZS AR, s TR
AT e BERL T S AR A (A AN S R AR AR A B
ThREIRAL, K P AT ER NIV 7 B WUR AR S5 F AT e o
SR, H AT K BoC-Al B R A RHEATR A5 22 [F)
Jr B A RO RIE I R ARG, AH PR e e ol
I A 0 LB =, il ZURPRIT AN DG 58 L iR b 2
R RTINS . BT BB HE, AW
AL T2 H HAB IR BC-Al SEE &

EEWE: EXRARRS%IESLE (61873305, 51502338); PU)IIABHtHXRITIH (20187Y0410, 2019YJ0199); 47 BH v BH: 71 %1 5 H

(17YFCLO04); 8 s At 58 O i 4 (20190101)

EEE A IR, 5, 1985 42E, ft, RIBEsH, ARSI KR O ok s s W, D)1 4RER 621000, HLAT:

0816-2465303, E-mail: emei-126@126.com



- 488 - My @A RS TR

49 %

FEL HIE T LL ByC-Al G MEE R 2 B i) B 47 4 24
FEAE . R R o T A A 2% T e T 2 (D e el it
A A2 56, BT 9T T ByC-Al L2y 7 A8 B v i 4 ol I
B R P o A b 25 1 B () LR & S gz R kAT
XFEG, BAIET B4C-Al Lt jE AL B he J1, ¥
A B,C-Al FEAZ A P RExS 2% (A1 fi o 1) B 4 . FH B it
TR RIS

1 % I

R BTG R R T 205 B I3 R AT MR
%, FELZWER: BRI (Ds) 520 F11 pm
(1) BoC ok 42 e Lt 401 BEATECRE, RIS IE 780 T i
TR 10% (1) TiO, Tk CEEPRIAE A 1 um), 551
BIGEEISIR, ARG IR T IO R Tbe s (Pitbessif
JE2h 2000 C, PRI 30 min, FHEEZN 400
‘C/h). ket fEnl{f B,C R MG IERL, B % B,C
Lpsal Al RRIZISI R Y, [N TiO, 5 ByC RNV S AV
AR /b i TiB, A4 mp R Wit . s, ¥
&g Al YBeE T B,C LT b, fEEAEKAE IR
48 Al PRk G, R 2 FL e i i B 4l FLAE FH i Fn
FE Rl AL XTI R PR AT S Rl AL F RSB 2 L TIUsE
P, SRAFEUE 1) B4C-Al LR AR GBEWRIE N 1100
‘C, PRURIE Y 120 min).

1 Fi7s AT H #1451 B,C-Al 32 441K SEM
Blg . HIART M BC 5 ALAIELG, [N AR B4C JEAA
IEAEE DB TiBye J12ETERENNAZR I, BJC-Al EE G
MRH S 200 2.6 g/em®, fififF HRA 2920 83.5, HiZS
SREEZIM 500 MPa, WiZdBIPEZ) 4 7.0 MParm ',

7 ey T o o G A v T R R R A BT . BT
TYRSMR B AR 7.62 mm, 3ROk ATE
DG HLRI S I, 3T B RS FE AR T40.3% . R\
1|8 ey O 15 B AR B R R R 2 BRI =

Kl 1 BiC-Al FEAMEH SEM K1
Fig.1 SEM image of B4C-Al based composite
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Fig.2 Shielding configuration after hypervelocity impact test
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Table 1 Experimental parameters of impact tests

Projectile  Impact Penetration Bulge
Bumper . .
No. . diameter/ velocity/ state of rear  number of
material 1
mm km-s wall rear wall
1#  Al6061 3.0 3.00 Penetrated
2#  B4C-Al 3.0 3.07 Penetrated
3% Al6061 3.0 S.11 Unpenetrated 57
4#  B4C-Al 3.0 5.21 Unpenetrated 16
S5#  Al6061 3.0 6.52 Unpenetrated 28
6# B4C-Al 3.0 6.44 Unpenetrated 5
T#  Al6061 3.5 4.98 Penetration
8# B4C-Al 35 4.82 Unpenetrated
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Fig.3 Perforation characteristics of the bumpers: (a) 4# B4C-Al

bumper and (b) 3# aluminum bumper
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Fig.4 SEM images of perforation microfractograph of the B4C-Al
bumpers: (a) 2# test and (b) 4# test
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Fig.5 SEM image and EDS element analysis of the perforation in
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Fig.6 Damage images of the rear wall: (a) 7# test and (b) 8# test
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Date 18 Mar 2018
Time :9:46:32

7 b X BURBUR R SEM EHE
Fig.7 SEM images of the central impact area: (a) impact craters and

(b) bottom of impact crater
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Fig.8 SEM images of the outer impact area: (a) impact craters and

(b) bottom of impact crater
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Fig.9 Debris cloud structure of 1# (a) and 2# (b) bumper (3 km/s)
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Fig.10 Debris cloud structure of 3# (a) and 4# (b) bumpers (5 km/s)
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Shielding Application of B,C-Al based Composites
for Hypervelocity Impact of Space Debris

Huang Xuegang', Yin Chun?, Ru Honggiang®, Deng Yongjun®, Guo Yunjia', Luo Qing', Chen Hui*, Liu Sen'
(1. China Aerodynamics Research and Development Center, Mianyang 621000, China)
(2. University of Electronic Science and Technology of China, Chengdu 611731, China)
(3. Northeastern University, Shenyang 110819, China)
(4. Southwest University of Science and Technology, Mianyang 621000, China)

Abstract: In order to improve the shielding ability of spacecraft against space debris hypervelocity impact, the B4C-Al based composites prepared
by pressureless presintering and aluminium infiltration in a vacuum were designed as the front bumper with Whipple shielding configuration, and
the hypervelocity impact tests were carried out to evaluate the shielding performance of B4C-Al bumper and Al alloy bumper at the impact velocity
of 3~6.5 km/s. By comparing the bumper penetration, the rear wall damage state and the debris cloud structure of two different bumper materials at
various impact velocities as well as the SEM and EDS results, the relationship among the bumper material properties, the cratering mechanics of
rear wall and the debris cloud characteristics was discussed. The results indicate that the B4C-Al bumper can break the projectile into smaller
pieces and even melt the debris, and the impact damage of debris cloud on rear wall is alleviated significantly. Meanwhile, the good toughness of
Al metallic phase can keep this bumper structure intact. Hence, both the pulverized small debris and the decreased impact kinetic concentration of
debris cloud are the main reasons for obtaining a higher shielding capability of B4C-Al bumper. This primary investigation provides theoretical and
technical instruction for the design and application of B4C-Al based composite materials in space debris shielding configuration.

Key words: B4C-Al; space debris; hypervelocity impact; damage behavior; debris cloud
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