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Impact resistance of composite panels under in-plane preloading

WANG Jizhen', LIU Xiaochuan
(Aviation Key Laboratory of Science and Technology on Structures Impact Dynamics,
Aircraft Strength Research Institute of China, Xi’an 710065, China)

Abstract: Taking the effect of the in-plane preloading into consideration, the impact behavior of composite panels
was studied. A kind of in-plane loading device was designed to apply tension, compression and shear loads. The
high-speed impact test method of preloaded composite structures was proposed with the gas gun and the in-plane
loading device. Then high-speed impact tests for X850/IM+ and M21C/IMA composite panels were conducted. The
test results show that the in-plane preload has a significant influence on the impact response. Compared with the
non-preloaded impact process, the in-plane pre-tension raises the structural bending stiffness and the residual

speed, resulting in a decrease of the penetration velocity and delamination area, while the effect of the in-plane pre-

compression is opposite.
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1—Frame; 2—Loading bolts; 3—Holding plate;
4—Coupon; 5—Slot
(a) Assembly diagram
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Fig.1 Preloading application device for composite laminates
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1—Preloading application device; 2—Steel bomb;
3—High-speed camera; 4—Shelling device; 5—Gas cannon
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Fig.2 Schematic diagram of high-speed impact test

for composite laminates
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Table1 High-speed impact test matrix for composite

laminates
Preloading
Initial velocity/(m-s™) J J
-5.0x10° 0 5.0x107
40 4 pieces 4 pieces 4 pieces
50 4 pieces 4 pieces 4 pieces
60 4 pieces 4 pieces 4 pieces
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Fig. 3 Impactrebound/penetration speeds of

X850/IM+ composite laminates

A, e —WIGe T, AH L O ah 2k e
Jita I A RT) s AT ) 52 bR I A Al it R R
FEXG N, il fin R 46 400 1 2 e 09 52 5 A REHZ B Al o
TR AN . L 50 m/s W) B v R, it
1 5.0 1073 (R fH ) 2% 0.5%), ok EE T T 30.6%,
& 356 BE & PR AR T 21.8%; Jifi il —5.0x 107K 47 K A8
0.5%), S AR T 35.6%, fLiBRER NN T
39.9%. 40 m/s fll 50 m/s ¥ 4 vp o5 B E T, X850/
IM+E G M EHZ G AR BB 5 60 m/s ¥ 1R 1
BT, JCWIIR T 1 2 A AR A AR
5.0x107° FL A 19 2 5 M RHZ S M Bl EE &, T
Jiti N -5.0x107° (W5 & M B2 B RR 285 . FE T4
PR DA 7 300 25 A B A B 2 O (9 SR M e
B A MBHE A vh HE), TG A i
54 R RHZ A i B 2F 3% N 44.3 m/s; it
T 5.0x107° 1 &2 A b RHZ B A i PR 2F 37 R
439 m/s, FEART 1.0%; i i i I -5.0x107° /Y
BEMBZESWRERE T FRFESE, WREE
KT 60m/s, E/AHE T 35.4%.

Kl 4 2 M21C/IMA & & M EHZ B R IEA R i
W ORFEE NP R SRR, S
X850/IM+ M, AHEGR; ARIZAATET M21C/



LR BB AT A ARE S AR P R - 1871 -

30 AN A S E DA AR N 22 A (R IR R A =9 [1K (S
01 s 189 . HF, #E TEAamNEmRE, SaES
~ 12.2 : o e e g
2 ol Z‘ BB K, A S, R AR
£ Fl 15 R 5 PE ARG S22, T 4 e 8 4 0
| N = 54 B T 1 e 7 2 1 T DR S L A T
= EAWAEmMNE, RERNFELESHAE,
A Z R 12 B3
5 —30r 273 None-prestress ' 2 MK 5 H7E 40 m/s. 50 m/s 1 60 m/s =
~40 NN Pre-ension (010 37 FIOWT B R, XB50/IMA AL 4 bR 45 0 1y ol
== Pre-compression (—5.0x107%)
0% 20 50 60 70 F2 X850/IM+EAHHE AR HHRHER
Impact velocity/(m's ™) Table2 Impact damage areas of X850/IM+
K4 M21C/IMA E G MBS Z G MR b Rt/ i3 5 composite laminates
Fig.4 Impact rebound/penetration speeds of Initial velocity/ Tension/ Unload/ Compression/
M21C/IMA composite laminates (m-s™) mm’ mm’ mm’
) . R 40 215 224 573
IMA -5 )2 G o BB, PR 288 MU/ 50 2068 1878 2151
g Loy Hral HEWT, ek el R, 2 A 60 1950 2001 2614
X850 Tension Unload Compression
16
Line 2 &
w
E
S :
E
2
2 -~

5 X850/IM+Z At C IR

Fig.5 Impactdamage C-scanning images of X850/IM+ laminates
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Fig.6 Impact damage C-scanning images of M21C/IMA composite laminates
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(a) Impact with 50 m/s
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Fig. 7 Torn fiber on the back of X850/IM+ composite laminates

(b) Impact with 60 m/s

under 5x107° pretension
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