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Fatigue life prediction of composite laminates with impact damage
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Abstract: The residual strength and fatigue performance of composite laminates will decrease sig-
nificantly when the composite laminates are damaged by low-velocity impact. In order to consider
the influence of residual strength on fatigue life of laminates with impact damage, the stress field
intensity method is modified in this study. Combining with the exponential function fatigue model
for non-porous laminates, a fatigue life prediction model for composite laminates with impact
damage is established, simplifying the calculation process and improve the prediction accuracy.
By means of the compression-compression fatigue test of T300/5405 laminate with different im-
pact energies and the tensile-tensile fatigue test data from T300/BMP316 laminate post-impact,
the feasibility and applicability of the prediction model are verified and theoretical data are provid-
ed for engineering practice.
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Fig.4 Compression fatigue life of T300/5405

under different impact energies
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Tab. 7 Tensile fatigue life of laminates after impact
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Tab. 9 Post-impact fatigue life prediction and error of laminates

N . - - e vy
B AR e AXEMERN ACHMIES ol gy
80 3.568 3.412 4.37 3,619 1. 4307
75 4. 240 3.951 6.82 4.123 3471 —2. 7507
1899 70 4. 456 4. 381 1.68 4,593 427 3. 0827
65 5.186 5.033 2.95 5.276 9T 1. 7507
8.6 80 4. 460 4.536 —1.70 6. 047 35. 407
S5 2012, 445:189-194.
—a— R (Y (2] H=pil, TR, ¥4t 5. A M BHTEHUIE 30 £
—o— SCHR[27] T RN SR [T]. 22l iE b TR A4, 2021, 21
o —A— RICIME (1): 154-176.
%D XIAO Shoune, JIANG Lanxin, JIANG Wei, et al. Ap-
& 450 plication and prospect of composite materials in rail
J;E transit vehicles[J]. Journal of Traffic and Transporta-
B 4.0k tion Engineering, 2021, 21(1): 154-176.
[3] BN, SR/, Fa M. a4 & i XN Bk
35l [J]. BSR4 50 H . 2005, 30(5): 28-34, 44,
LI Xiaoping, ZHANG Xiaoping, WANG Hongwei.
615 7I0 715 8]0 I Progress in development and application of carbon fiber
8 F3KA-/% [J]. Hi-tech Fiber & Application, 2005, 30(5): 28-

K5 ik I )2 A R 0 R R 57 75 i T0I0 M L
Fig. 5 Comparison of predicted values of

compression fatigue life of laminates after impact

B 9 AT LUE M. 75 AN [6) B 7 7K 1 98 55 48 e
T AR SRR AR RN ANGE T b s JE - R 9% 57 A
Ay TN X F i S P98 95 A5y 10 (R RE S
M. S LA R E R KN 6,82, 1% 2 &K
MR 1. 68% . JLHUZEXT T vh ki J5 )2 A A i -
I 57 75 A OO o 000G B R

4 # g

1 ARICo M T LI R Ay ) s s A, 5 & TR
SN 55 WA 2 G AT i B R W, 51 AR A
FL AN [ (52 5 7 T %6 4545 2 ik (AU, X 52 45 1 R
FALZ B WAL T 5 L AT IE . Gl T AL AR AL
BRGS0 JE A BRI 55 A7 e B A ST T
i 40 05 649 52 6 AR B AU 57 75 i BIAR R

2) il BA g R ST LA AL TR b
J5 TR B B R A R L 2 B SE T bl R )R A AR
i Eiﬁjﬁﬂh PLI% 57 73 iy DN SR, 5 0000 45
RGIKEERIEAT R, SRR AR B 7
i SO AR T L5 Sy v A b F 000 5 A1 e 452 3 9
JE B MR 55 A i R ZETE 10 0 AN

SE K
[1] YALCIN E B, GUNAY V, MARSOGLU M. Impact
behaviour of composite materials by using low and high

speed impact tests [ J]. Advanced Materials Research,

34, 44.

(4] FEJy, RGNS, 2R, . ARSNGB E Sk
FEAAREHE e B R ()], g2 A MK, 2020, 37
(2): 19-21.

WANG Weili. WU Haipeng, WEI Cheng, et al. Study
on impact damage of different fiber reinforced composite
laminate[J]. Fiber Composites, 2020, 37(2): 19-21.

(5] #RIRE. &G MR 26 RAKE b 5 R A o 53T 5%
[D]. ME&t: B AL A ALK R, 2018.

XU Yutong. Research on low-velocity impact and resid-
ual strength of composite laminates[ D]. Nanjing: Nan-
jing University of Aeronautics and Astronautics, 2018.

(6] Mrifsx, & BAMEZ G AR wh i 51 05 7Y $500

BT, B BCAL = MR K% %4, 2014, 46 (3):
341-348.
CHEN Puhui, LI Nian. Damage prediction model for
composite laminates subjected to low velocity impact
[J]. Journal of Nanjing University of Aeronautics &
Astronautics, 2014, 46(3): 341-348.

[7] PRAKASH R V, SUDEVAN D. Understanding fa-
tigue damage progression in low velocity impacted
CFRP laminates through stiffness measurements [J].
Materials Science Forum, 2015, 830-831. 413-416.

(8] XBSpAhi. BR¥iSC, LiEMS, 4. 24 b EZE R ARG E oh

i Ja w5 PERR IR I Mo 0], LR 515, 2019,
59(2): 48-49.
DENG Liwei, CHEN Xinwen, WANG Haipeng, et al.
Tensile fatigue experimental study on composite lami-
nates after low-velocity impact [ J]. Engineering &
Test, 2019, 59(2): 48-49.

[9] AZEVEDO C, CUNHA R, JUNIOR R, et al. Devel-
opment of a mathematical model to analyze residual

strength of composites after low-velocity impact [ J].



170

P 22 BT R 2 2 i (2022) 45 38 B4 2 ]

The Journal of Strain Analysis for Engineering Design,

2
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

018, 53(5): 1-8.

SHREYAS P S, SURESHA D B, MANI K K, et al.
Fatigue life behaviour of woven GFRP composite lami-
nates with impact damage [J]. International Advanced
Research Journal in Science, Engineering and Technol-
ogys 2017, 4(7): 73-77.

ZHANG J, ZHAO L, LI M, et al. Compressive fa-
tigue behavior of low velocity impacted and quasi-static
indented CFRP laminates [ J]. Composite Structures,
2015, 133: 1009-1015.

BEHESHTY M H, HARRIS B. A constant-life model
of fatigue behaviour for carbon-fibre composites: the
effect of impact damage [J]. Composites Science &-
Technology, 1998, 58(1): 9-18.

BEHESHTY M H, HARRIS B, ADAM T. Empirical
fatigue-life model for high-performance fibre compos-
ites with and without impact damage[ J]. Composites
Part A Applied Science and Manufacturing, 1999, 30
(8): 971-987.

KANG K W, KIM J K, KIM H S. Fatigue behavior
of impacted plain-weave glass/epoxy composites under
tensile fatigue loading[ J]. Key Engineering Materials,
2005, 300: 1291-1296.

KOO J M, CHOI ] H, SEOK C S. Prediction of post-
impact residual strength and fatigue characteristics af-
ter impact of CFRP composite structures [J]. Com-
posites Part B: Engineering, 2014, 61(5): 300-306.
KOO J M, CHOI J] H. SEOK C S. Prediction of re-
sidual strength after impact of CFRP composite struc-
tures [ J]. International Journal of Precision Engineer-
ing and Manufacturing, 2014, 15(7): 1323-1329.
RN, BRIGIE, AU, ke 485 A MR R I b &
JErE s L] MoE R RS TR %M, 2017, 35
(2): 219-223.

CUI Haipo, CHEN Tingting, WANG Shuangqing.
Fatigue experiment of carbon fiber composites pros-
thetic foot after impact[J]. Journal of Materials Sci-
ence and Engineering, 2017, 35(2): 219-223.
RS, EAUE, KB e, BkEF4EE A MORHRI T2
SHO bl e s e R g sE [T, MR R S T
R4, 2017, 35(6) . 871-876.

CUI Haipo, WANG Shuangqing, ZHANG Along. In-
fluence of processing parameters of carbon fiber com-
posites prosthetic foot on fatigue property after impact
[J]. Journal of Materials Science and Engineering,
2017, 35(6) . 871-876.

HRut. 26 5 A M BHK b i J5 9% 55 450 405 200 B
[D]. FEAT:m B2 MR K, 2018,

SHAO Hong. Numerical simulation of fatigue damage
in low-velocity impacted laminated composites [ D].
Nanjing: Nanjing University of Aeronautics and As-
tronautics, 2018.

Wh TR, BUKAE, arBibi. B E G MR D iR E
k(1) EabEAER, 1994, 11D 67-72.

[21]

(22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

YAO Weixing, YAN YU Xinlu. The

method of stress field intensity for predicting notched

Yongnian,

strength of composites [J]. Acta Materiae Compositae
Sinica, 1994, 11(1). 67-72.

S B, WL, 5 AL A AR T A B AN 5 9 B )
Rk TR R A [T, B Rt A i R K=,
2016, 48(4): 551-557.

WU Yitao, YAO Weixing.

model for predicting residual strength of notched lami-

Simplified engineering

nates based on stress field intensity method[J]. Jour-
nal of Nanjing University of Aeronautics & Astronau-
tics, 2016, 48(4): 551-557.

TAN S C. Finite-width correction factors for aniso-
tropic plate containing a central opening [ J]. Journal
of Composite Materials, 1988, 22(11): 1080-1097.
FRIT, RE. KT kG AP vk 0y 2 Bl 0 9% 55
Farmiml)]. TRHL, 2020, 51(9): 31-40.
WANG Haoyuan, WU Hao.

tigue life prediction based on improved critical distance

Multiaxial notched fa-

method[ J]. Construction Machinery and Equipment,
2020, 51(9) . 31-40.

Wik, 2R, BHLW . . A MEZ SR N
A R LT BN/ E &M, 2009 (3):
8-12.

YANG Jie, LI Cheng, JIA Hongyu, et al. Finite ele-
ment calculation of the stress distribution around the
hole in the composite laminates[ J]. Fiber Reinforced
Plastics/ Composites, 2009 (3): 8-12.

DAVIES G, IRVING P. Impact, post-impact strength
and post-impact fatigue behaviour of polymer compos-
ites [J]. Polymer Composites in the Aerospace Indus-
try, 2015: 231-259.

VR, gk, 504, % 52 &R RH
KR H LI Bk 5 TR, 2018, 18(34):
242-247.

XU Liang, HE Yi, MA Shaohua, et al. Tensile fail-
ure analysis of composite laminates with a hole[]].
Science Technology and Engineering, 2018, 18(34):
242-247.

BN, A MEZ A ol 5 B9 55 A F R (D],
L P S AR K A%, 2014,

LIANG Xiaolin. The study on fatigue life of composite
laminates after impact[ D]. Nanjing: Nanjing Univer-
sity of Aeronautics and Astronautics, 2014,

R 2. S5 MORE)Z e B B A A 4 4 25 R 43 A
[DJ. B &L a2 A KR, 1999.

CHEN Puhui. Damage tolerance analysis of composite
laminates and stiffened plates[ D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 1999.
WA, A A RHE G AR b 45 0 K v S 9 55 A
5% [DJ. B &% g RO =S AR K%, 2007,

XU Ying. Research on impact damage of laminates and
fatigue life of impacted laminates [D]. Nanjing: Nan-
jing University of Aeronautics and Astronautics.2007.

GifEHmE M





