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Experimental study on fracture behavior of preloaded CFRC
laminate under laser irradiation

Han Yongchao, = Wei Chenghua, Zhang Ran, = Wang Jiawei,  Lii Yuwei
(State Key Laboratory of Laser Interaction with Matter, Northwest Institute of Nuclear Technology, Xi'an 710024, China)

Abstract: To predict the failure time of carbon fiber/ epoxy resin reinforced composite laminates under the
combined action of laser and mechanical load, different laser power density (70-210 W/cm?), different pre-stress
levels (50% and 70% of tensile strength) were studied experimentally. The failure mechanism of 2 mm laminates
under different spot sizes (70% and 100% of the width of tensile specimens) was obtained, and the influence rule of
different influencing factors on fracture time was obtained. The results show that the failure mechanism of pre-loaded
laminates is the pyrolysis of the substrate material of epoxy resin, the oxidation fracture of the fiber and the brittle
fracture of the residual structure of the back surface. Under certain pre-stress conditions, the fracture time and the
irradiated laser power density are exponential. The pre-stress level has a significant effect on the fracture time.

Key words: laser; preloaded; CFRC laminate; fracture

B 2T A 52 45 PR EAT H i B A EC I vy | Y T g R BRI e T B SO0, RSl as e . ZE 3 RIS
R AR UG 2N Tz 49 B HT, 056 [ F-35 UL AT A9 i 2 2 52 5 A RE 5 B HLIR BT RHY 174, BOBTE R Z
B0, R He e B v AR LA S B P B R, R T ARE B T A | A SRR, DAY L T R X O S Bk
R YE S B ARV A AL R AT O BT B 07 1] o b, SO A ARG VE TS R AIALEE C 22 85 3227 Y
o, EERITEBE 1 (4 P BT, RIVRE b 00 SR S 5 07 68 ol i 5 2800 AL B O3 B B B 45
BN, Kibler T J& T HE£LUE CO, WOLAR RSB 1R IS B KBl J2= 07 355 0 i 21 4 PR S i 52 & R BR ih 8RL F 5
FRAEAREED SR BT 1 A SFHEON 0 4 BRI [ | 5 B2 RN B0 B A 0T Btk 2T 24 185 50 A AL 8O B AR IR 52 6 B o o b ok %%
F 2 MED AL AR, DA i R 1] X i ol 3 2 MR AR /D, L B ol R Bt YOI 58 P2 RO BRE AR B R TS R . AR e A )
SPAT T VA D) AR A RN | AR R K wvh i A5 2 JON) Bk £ 4 38 5 B SR IR A2 5 e B e R )
M, DA Ay A5 o 23 i A i 23 5 38 00 B A0 A0 4R B v AT 8 A, I R ) 084 i i D/, O Fee B T ARUE T4 i bk
I e AR B 2T 2450 0 (0 D R B BR(E . B /KOB A P Gl WF S 1 3 25 Nd:YAG SO 8 IR Bk 21 2 37 S ) iR 2
BB R LA, A AR b ik B S OG AR BRAE B IE UG AR o AR A U B AT HE AR A IR R

* FSE#A:2021-07-30; 21T B#A:2021-12-26
BB A0, 526702348@qq.com.
BIE1EH: 45 ik, weichenghua@nint.ac.cn,

011011-1


http://dx.doi.org/10.11884/HPLPB202234.210329
http://dx.doi.org/10.11884/HPLPB202234.210329
mailto:526702348@qq.com
mailto:weichenghua@nint.ac.cn

weOoW s 5 Ol TR

FHEL CFRC J2 JEAR (9 HOE e h 32 228 D R LR WA BE | 27 4 o3 J25 | 2F e AL SRE i o7 ALULAS i B o BREID 55 (7]
WFFE T AN TR0 2% 1F T B 2T 4 21 480 i 52 R SO G A000E S5 6, A SA U0 1) 0 — 77 T 9 583 A UM e AR 33
JCHIBERAE L, 55— J7 TR S AT Ve 04 T, AHL 28 S0 B 0A B T 2R A e il . AR 27 482 5 AR A H 5 15 07
AT, AIF 5 T A S 2 vp T A RO R S A 1 o SO 25 2, KSR AR AU P B 22 0 R DL R A R R S 36 A A A s L 1
SR EER, A TT B SCIRARGE LU D o J7 203620 B Wh 50 1 =R S R O E 20, AU P 45 A )
BB T T A RE RS A o R A5 Y T 2R S80I [R] Dk il iR SO 2 38 58 B AN F5UNE 1y R [R]4 1 R 5243 BB B4 7 27 )
IO, AR BE S WO 015 BB R T 2 R Al o DRI A P2 O Fi F 5 1 O G- BB VR TR S A AR 2R 3K
MU, BRI HEIE T A FIN A B2 4 J= A AR e SO R RS 5 18] B3 2 73 A, 25 TN KA 21 1 e 47 4k
JZ A AL W 5 B2 )l FEE A OGP 2 MO ST 5 A LA i JBE AR, Lin 28 AP BIFSE T CFRC JZ= 5 7 3% 22 O B IR
R FABUB I B, I 52 56 25 R Sy 1 BE AR 1R S T R ]

BA BTN TRREFYE S & FORN R IR PERESC A 2, T iV REWF S /0, JU R - RS R & 1 T 29
PG 0052 G PP RHGE IR O B A5 TR R (O R AR BIE S . i, AR SO e 1 BUMN J1 BE 0.5 #1 0.7 2544 F . 2h
R ETE 70~210 W/em® (14 3% S HOGHR IR 2 mm JEL g £F 4 /B8 EUR i 4 58 525 B4R (CFRC) 2 6 B 17 2 36, 4R T
P 2 THT T DR N ) AR R ML, AT IO S 3 G W 2R TR] A5 R[] P B K
A7 AL CT 3948, HE— 20 N BOWL A BEBAIE T CFRC JZ5 Y3 2 R AR 3, B SR T A 4 75 A BN 8828 16 T ik £F
HEST B RZ G B R AR DAL L R BR 2F 48 55 B RO VTR BRI it — s iy BB AIBL S48 T 18

1 HmHEE5XBRHEE
1.1 HREE

SRR A B R N B 2T 4 /A E A IR A M BEH(CFRC) J2 A M, 38 3R 2T 48 0 T700 BRET A, JEBE 0.125 mm, R4
JIERA S E44, 2R H] [0°/90°] 1EAZ 82 5 XA R 1M B, BT AR 73 80h 65%, %% 1.576 glemy’ s Hr i RS2 250 mmx
12 mmx2 mm. S R R 2 4 8 in sk R DA G RE 482, bk S 2 A 2R 0 T IR AT
12 XWHZE

WO R R TUIN b 2 A B IR R G MR E SR ER RGN A 1 TR .

..........

beam shaper i @ i universal testing machine
. 1
\\\ specimen infrared thermal
camera 1

camera diffusing screen

=

data acquisition system
Fig. 1 Experimental system of laser irradiation pre-loaded composite materials
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Fig.2 A schematic diagram of laser spot distribution and irradiated area
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Fig.5 Front/back surface temperature rise progress of CFPR under different power densities
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