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Abstract The deployable laminated shell has the characteristics of deformable, lightweight, simple molding process,
uniform mechanical properties, etc. , and has great application value in intelligent deformable structure. In order to study the
ballistic impact characteristics of the deployable laminated shell, the ballistic impact test of the deployable laminated shell of
three different layup materials was carried out using a one-stage light air gun, and the impact test results at different speeds were
obtained, the differences in the failure form of the deployable laminated shell under different layups were analyzed, and the
ballistic limit speed of the corresponding substation deployable laminated shell and the total absorption energy in the ballistic
impact test were calculated. The ballistic experiment of the deployable laminated shell was simulated, and the accuracy of the
simulation model was verified by compared with the test results. Using the verified simulation model, the effects of different bullet
types on the ballistic limit of the deployable laminated shell and its total absorption energy were calculated and analyzed.
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Fig. 1 Schematic diagram of devices for the ballistic impact test
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Fig.2  Composite specimens at deployed, coiled and clamped states
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Fig. 3 Installation working condition of the target frame
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Tab.1 Results of the ballistic impact test

IR SFE Air IR Pl A
Specimen A JMP Incident Residual
type pressure a velocity/ (m/s) velocity/ (m/s)

0.25 81.6 78.8

cC 0.5 99.8 97.5

1 156.2 153.4

0.25 75.1 65.5

KK 0.5 112.1 105.8

1 138.1 130.3

0.25 77.6 73.0

CK 0.5 103.6 99.8

1 155.8 150. 8
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Tab.2 Total absorption energy of each specimen

in the ballistic impact test

R W A SRE
Specimen Incident Residual Absorption
type velocity/ (m/s) velocity/ (m/s) energy /]
81.6 78.8 2.69
(6 99.8 97.5 2.72
156.2 153.4 5.20
75.1 65.5 8.10
KK 112.1 105. 8 8.24
138.1 130.3 12.56
77.6 73.0 4.16
CK 103.6 99.8 4.63
155.8 150. 8 9.20
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Fig. 4 Typical ballistic process diagram of specimens
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Fig.5 Finite element model of laminated shells” ballistic impact
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Tab.3 Material parameters of bullet model

p/ (g/em*)
7.8

E/GPa w
200 0.27
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Tab.4 Material parameters of Kevlar laminated shell
p/(g/cm’) E,/GPa E,/GPa E,/GPa
1.35 210 210 4.6
Mo M3 M3 G,/ GPa
0.31 0.14 0.14 1.2
G3/GPa G,3/GPa K;/GPa S/ GPa
1.2 1.2 2 0.8
X;/GPa Y;/GPa Y./GPa Ty/GPa
1.5 1.5 0.8 1. 65
G,,/GPa G,,/GPa I Agpr
1.5 1.5 0.5 3
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Tab.5 Material parameters of Carbon fiber laminated shell

p/(g/cm3) E,/GPa E,/GPa E,/GPa
1. 48 50 50 6.9
Mo M3 M3 G,/ GPa
0. 04 0. 15 0. 15 19.5
G5/ GPa G,/ GPa K;/GPa S./GPa
2.7 2.7 1.5 0. 666
X;/GPa Y;/GPa Y./GPa T/ GPa
0.72 0.72 0.55 1
G.,/GPa G,,/GPa I Agpr
0. 125 0. 125 0.4 3

R4 RKSHE E, Ey N MBS, s
My N TTHALL G, (G5 Gy ST BT R K, h
MRMR R BU L 5 S, TN BT VISR B s X, Y, 4051k
N 1] FIVRE (] iz (oo 82 5 Y DA ) PR 4 5 B 5 Ty W ERTT
HIRLSREE G, (G, AREI BT VIR ;o HARLEDY
VIR, B IE BB A gy NAEL I B S
3.2 (FEMEETNEHEIE

Fa 05 BT 25 R A B s HE AT X L (R 6) , D
FLE 50 E Y f KA X IR 22 AN 10% , 78 TR 5%
ZEBORIG N, Iz B AT A5 R AT SR
3.3 EHEESH

Xf CC.CK #il KK & & #BHZ 72 4T =180
OYHT, BRI ER R FE U A 100 m/s , £ B B IR i
R e R 1 R AR AR £ o i R A Akl £ 3 S 4 TR
6(a) FE 6(b) i, B ALHE I 10 LA = B 4o
K7 Wi,

M 6 AT LU H, KK aURE ) 780 4 o 5 J IC, CK
AR Z, CC R T 4 3R B K, 3R WIR IR hor
JERE A A e 25 4k 5 G A RE R 1 Y B o M e



55 46 55 4 1]

R R4 SFLLSUAT IR B 5T il

i FE ST 857

x6 EESHEEEAMRE

Tab.6 Relative error of simulation value and experiment value

WU KRR AT AR

- e
lﬁﬁé’éi Incident  Residual velocity Residual velocity *ﬁﬁ'l}%ﬁ
Specim- R N R R relative

. velocity/  of experiment/  of simulation/ /o
en type (m/s) (m/s) (m/s) error/ %
81.6 78.8 78.9 0.13
CC 99.8 97.5 97.5 0
156.2 153.4 154. 4 0.74
75.1 65.5 61.1 6.72
KK 112.1 105. 8 105. 1 0. 66
138.1 130.3 133.4 2.38
77.6 73.0 72.7 0.41
CK 103. 6 99.8 100. 3 0.50
155.8 150. 8 153.3 1. 66
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