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Influence of different impact energies on damage

and residual strength of laminates
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Abstract; The'damage processes of composite laminates under impact loading and static
loading after impact/were/analyzed based on the three-dimensional (3-D) progressive damage
theory and wholé-proceéss analysis method. The influence rules of impact energy on the dam-
age and residual strength of T300/BMP-316 composite laminates with different layer parame-
ters and dimensions were researched. Results show that there is a threshold of impact energy
for the composite laminates. The residual strength of composite laminates will decrease rap-
idly if impact energy exceeds the threshold value. The threshold value of impact energy for
T300/BMP-316 composite laminates is between 5. 0] and 5. 5]. During the impact process,
the dropping velocity of impactor is fluctuating, and layer parameters can influence the dent

depth of the surface of composite laminates.
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Fig. 2 Dropping velocity-time curve of impactor
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Table 2 Contact analysis of impactor and laminates under different impact energies

24 B I1RZER CHIES=S2e T
rhifi BE 4 /] 2.2 5.9 8.6 5.9
wh 3k 55 2 A BT B 42 i B 8] / ms 0.72 0. 45 0. 37 0. 45
w3k T 4 S 3 ] / ms 1. 65 1.33 1. 22 1.33
3k 5 25 B B A ]/ ms 0.93 0. 88 0. 85 0. 88
3kt KL /mm .71 2.13 2.37 2.14
A L s K AL AS /mm 0. 65 1.08 1. 33 1.09

AN T Sk SR KAV B B J2 A A O a5 e KA S )
Z3LS - b N

WX Z FAE 5. 9] Remap e 1 KR E
W5 K2R EAT E e nl L&k B, B4R o sk
T Ufy B B ] DA R o sk 55 2 MR 0 2 fid (]
JE—BU AR R T TR S BOR L O
EWRUPS SN Y IEay L NS iy N R4 %]
25X SRR R E S Bk e v S
J2 A B T 1) TR TR
2.2 HERGRBRBESN

gt — W 58 T300/BMP=316-4 & # kL2
Ay ok BB BT (R0 52 2 KRR il R 2
B A TR A% iR RS AT RO b A AR e A
T 2S8R0 58 M 28 J2E e 7 FhgE R AY ool H40i 1
T R LT o B 6 AT T 0 AT

Z AR ik e CE) whib 5 . R AR
P A5 3 R H A A 40 B3 B s o S [ o ol RE R X
J2 A Al 5405 TR A T R A £ DL T 4. A
R P R R L el BE R 2 A
B3 TE UK. 53 Ah R 4 rpp g e i T

HARTT

AT DL, 76 b BB A ) 25 0 R gl o o 455
T AU 5 L 208 1 282 A A 8 405 i AL EE /N F A8 I
2 G A, Uk B LA R SE % 2 A A o 452 47 1
U&= — R R .

AN TR oot g e R AR TR A R RE (R A/ e
FOMK R ML A 5 fras. WE AT B E
b 5 ek B S A W R T 2SR A B AR A i AT
FEREAL AL P 0 TR Z R s MR 2
Me . 4w R 2.2~5. 5] 2 E B, 4R g
g, ol AR AL B 3. 37, B BURIAR R B R AR B
30 MPa; 24 wpali BB 5 7€ 5. 5~5. 9] = [l i, il
2R AR AN i B bl e AR S 0. 4T M I
T Z BT AT T R4 H BB T 200 T
MG 98 /> 38 MPa; opilifig i 5. 97 Z )5,
it 4 04 7 Ak BE SR RO TV 2% 7R b i g i 4R
2. 7T BN OLT A R R4 Ak > 12
MPa. 3£+ FiR o387 1T LLE H L 2 hali BE B T
5.5~5.9] Z ]I}, J2 & MR 4 vk B R4 1R
Wi et 2 A K. RO DR 5 T 2R 2 A AR b BE R Y
ITHRfEE N 5. 5], BD M opilige it {dm T 5.5 A,

HLTITY) JZBl Sz 4R 1 TE S

HHH
IRRRENI
HiH

®I1EEAKR HHY .

BMEEAH

E=221 E=4] E=51]

E=8.61

E=59] E=T1)

B3 SR A sl RO T 25 5 IR A A s e

Fig. 3 Damage comparison of two kinds oflaminates under different impact energies

£F=5.51]



2336 i

E¥

g o M

9530 %

400
—— 4 I KRG

—— FMEZER

350F

300

200

A 405 i B Ymm?

150 1

100 |

5 . . . . \ .
02 3 + 5 6 7 8 9

g
B4 shifiig s S0 B R4k
Fig. 4 Relationship curves between impact energy

and damage area

650

550

450

Tl F= R EE/MPa

2 3 4 5 6 7 8 9
pitifigde /)
K5 whii g s S A R G R Lk
Fig.5 Relationship curves between impact energy

versus residual strength

V2 ) T 4 i B R 450 ) 5 45 7 A 58 R s B8 1) e
K. [EIRE B FLAE . T A5 X TR 2 P a8 A 19 55 1
KIZGH, Hopdi g MME R 5. 0], L& A L
Bl , Al A4S X T A SCHESE R T300/BMP-316 &2
G ZE G R, Hbd e & M T E N T 5.0~
5.5] 2101,

3 & it

D) B A MEHE G WA AE AT R Ay A
Ji R B 1Y b o B8 A DT AN (AL X T T300/BMP-316
BHEMEBEARN S, Kb ag I E N T
5.0~5.5] ZIi].

2) X FAIR 2 S 500 2 54 78 HoAth 24
BRI B LT o R4S ol Sk I i R B ) L B
3k 5 2 A A B R (D AR ) L LR sk B R
LA B 2 M b a5 B KA ) 25 A i 22 5%, D

ENGLVEE 3 S ARU PEPERE R e I LIE

3) fE M AT H bk 5 RGBT A
Hefu Je o Pl )R A AR P A BT 7 A A 4 L AT B
kTR R B AT I Bl

SE Bk

[ 1] AspL E,Nilsson S,Singh S. An experimental investigation
of the influence of delamination growth on the residual
strength of impacted laminates[]J]. Composites: Part A,
2001,32(10):1229-1235.

[ 2] LeeJ,Soutis C. Prediction of impact-induced fibre damage
in circular composite plates[J]. Applied Composite Materi-
als,2005,12(2):109-131.

[ 3] Rikard B, Nilsson L, Simonsson K. Simulation of low ve-
locity impact on fiber laminates using a cohesive zone
based delamination model [ J-.” Composites Science and
Technology,2011,64.(2) :279-288:

[ 4] Kashtalyan M, Soutis C. Stiffness and fracture analysis of
laminated composites\with offsaxis ply matfix cracking[ J].
Composites: Part A,2007,38(4).:1262-1269.

[/5] Davies G,Hitehings D, Wang J. Prediction of threshold im-
pact energy for onset of \delamination in quasi-isotropic
carbon/époxy laminatéd compesites under low-velocity im-
pact[ ] ]. Composites’Science and Technology,2000,60(1) ;
1-7.

[6] Chen] F,Morozov E V, Shankar K. Simulating progres-
sive failure of composite laminates including in-ply and de-
lamination damage effects[ ] ]. Composites: Part A, 2014,
61(6):185-200.

[ 7] Atas A, Mohamed G F, Soutis C. Modelling delamination
onset and growth in pin loaded composite laminates[ ] ].
Composites Science and Technology, 2012, 72 (10):1096-
1101.

[ 8] Zhang D T,Sun Y,Chen L,et al. A comparative study on
low-velocity impact response of fabric composite laminates
[J]. Materials & Design,2013,50(9):750-756.

[97] Chen] F,Morozov E V, Shankar K. A combined elasto-
plastic damage model for progressive failure analysis of
composite materials and structures[]]. Composite Struc-
tures,2012,94(12) :3478-3489.

[10] Chen A S, Almond D P, Harris B. Impact damage growth
in composites under fatigue conditions monitored by acous-
tography[J]. International Journal of Fatigue,2010,24(2/
3/4):257-261.

[11] Attia O,Kinloch A J,Matthews F L. The prediction of fa-
tigue damage growth in impact-damaged composite skin/
stringer structures: Part [ theoretical modeling studies

[J]. Composites Science and Technology, 2011, 63 (10):

1463-1472.
(121 BERAR. S AR T M CM . U0 HUAR Toll At
2003.



55 10 1

B IEAE < AN T el B kX )2 5 WA s B R A 5 A 5 T

2337

[13]

[14]

[15]

[16]

CUI Haipo, WEN Weidong, CUI Haitao. Engineering ap-
proach for predicting post-impact compressive strength of
laminated composites[]J]. Materials Science and Technolo-
2y.2010.26(6) :699-706.

BEMEYE R AR BV . A MORHZE G B bl 05 KR A
S LM T L LT ). R 7 272 3, 2006, 27(3) : 237-242.
CUI Haipo, WEN Weidong, CUI Haitao. Research on low
velocity impact damage and residual strength of composite
laminates[ J |. Acta Mechanica Solida Sinica, 2006,27(3):
237-242. (in Chinese)

Hou J P, Petrinic N, Ruiz C, et al. Prediction of impact
damage in composite plates[]]. Composites Science and
Technology,2000,60(2) :273-281.

Tserpes K 1. Strength prediction of bolted joints in

[17]

[18]

graphite/ epoxy composite laminates[ ] ]. Composites: Part
B,2002,33(5):521-529.

BEVEYE, I DR AR S G BRI AR i 450 405 B TR 4% B A o
BESERWEFELT ] AL 2E 30 12 4, 2007, 22(10) : 1742-1747.
CUI Haipo, WEN Weidong, XU Ying. Experimental re-
search on impact damage and residual tensile strength of
composite laminates [ ] ]. Journal of Aerospace Power,
2007,22(10) :1742-1747. (in Chinese)

BEMGE IR /K. T300/BMP316 2 &R il J5 R 40 38 3 i
LT ], iz 3 J1 242, 2008, 23(11) : 2001-2006.

CUI Haipo, WEN Weidong. Post-impact compressive
strength experiment of T300/ BMP316 composite lami-
nates[ J . Journal of Aerospace Power,2008,23(11):2001-
2006. (in Chinese)

(¥ 28 B)



