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Study on the sensitivity of temperature to laminated
structure under laser irradiation of CFRPs

SUN Jiaxin, CHEN Zhongquan, YANG Xinrui, NAN Pengyu, SHEN Zhonghua
(School of Science, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In order to study the influence of laminated structures of carbon fiber reinforced polymer ( CFRP) on the
temperature under continuous wave (CW) laser irradiation, the ablation processes of five typical laminated CFRPs irradiated by
CW laser were simulated by using finite element software COMSOL. The temperature distribution and evolution of five typical
laminated composites were obtained by the temperature deviation of the material surface. Meanwhile, based on analyzing the
overall temperature distribution of the materials statistically, the variations of the temperature uniformity of the materials with the
laser irradiation time were obtained. The results show that the surface temperature near the edge of the spot is most sensitive to
the laminated structure in unidirectional ply CFRPs and the temperature curve is non-monotonic. Moreover, the temperature
uniformity of CFRP with 45° angle laminated structure is the best in the five types. The results of this work can be referenced for
the study of thermomechanics damage of CFRP induced by laser.
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Table 1 Laminated structure of different types of CFRPs

type laminated structure surface dimensions/mm intrinsic property thickness/mm number of layers

1 [0°/90°/0°/90° ] 20 x20 — 0.56 4

2 [0°/90°/90°/0° ] 20 x20 — 0.56 4

3 [0/45°/90°/135° ] 20 x20 — 0.56 4

4 [1.5K/0°/90°/1.5K] 20 x20 plain pattern /0. 196 0.58 4

5 [3K/0°/3K ] 20 x20 plain pattern 6/0. 145 0.58 3
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Fig. 1 Monolayer type and laminate angle of laminated CFRPs
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Fig.2 Schematic diagram of laser irradiation of CFRPs

Fig.3 Temperature difference of the laser irradiation surface along the x

and y axes

a—temperature difference b—relative difference

(44% +23% ) F167% (58% +9.2% ) .,

PO IR AT) By ) 22 RSO e R 235 T ) 20 38 0 A g
A R A DX Ui i A A T ZUAAR SR e A, o T
PR VP B2 A8 AR A8 8 i 1) DX /N, A Bt 0 i e 4
KANE 1/€* VERHIBbRifE . X F20 1 2870 2 2k
T 33X 3 il Z A5 HAl AL AL X 387351 0. 66r,,,, ~
1.54r,.,,0.60r,.. ~1.74r,. F10.46r ., ~1.57r,..
XF 3 3 FALFIH S A BPRVRI L DB -4
H0.57r,., ~1.61r,.,. Z%3CHRL L] s RH 2 25
P52 2 — 3, ARSCR R E R A F1 B P S DG BE R
O[] (LR B T A ML S, A ST S 4 )
AL, PR TR A A L S 8T 3 e 2 — 3, I
H A FI B W3 5L T « FhAn y Bh B REDE B O
0. 807, Ak , IZ AL B T B U 5 8 48 1 B & XU



284 Moo R

2021 4F5 H

X IR R 30T AR R P 1 2 A A T P B £
Y52 G PR I 4 T G RE XoF 45 ) ) R DX 3 A Tk
B BHE

R G F A R 2L A5 4, PR Shy B ) J2 A ) i 2 4
SAMEBI[1.5K/0°/90°/1. 5K ] Ff1[ 3K/0°/3K |, H
FMR 2= S5 e 2 SR R A B B X 5. 7
PIEBERL [ JZ M REA N, dm 22 R EAAE B2 JFH
2 TSR T 208 . X EERFEREUZ IR
FERFHL0 2, G 212 1) TR Be Il 3838 SN T 5 pa) )2
A AR Toh V% R R ROR sk 235 4 X T B8 114 532 Wi sk B I8
UG 22 10478 2 I ) S I B 2 A 72 A e 5 1) B 1
M, 2T 4 ([1.5K/0°/90°/1. 5K 1) 1, 1. 5K 4
BUZM R 5 ) )2 4200, Y R MRS PR TG, 2K
R4 b a] s ) 2450 525 1 M), R S w42
B T8 AU | J2 AT AR 1) 22 SR S TR B, 28
R4 IR E R R TUIR2E R - 15% , 528 1§ -17%
L. fERAY 5 ([3K/0°/3K ) 1, 3K 4w L2 1 )5 JiE
JEHL)JZI 157 A%, BRI B ) J2 BT o LA R
(R B[] 2] G 202 1) 5% W AR TH A7 A, b ) 25 1T Y BRE fff
VR EE B R 250 - 4. 7% , i R IEAW 258 21% , 4
B UH G5 WA AR 25

Xf 5 il )2 S5 48 T A R 0 A T B 43 AT SR A o
25 55N E 4 PR . MORHEAR IR BERRHEZE N o, =

SIS (T, =12 1/N B4 B T N = 48000

ABLEHTRLEE T, hbh BT 25007 5 10 I BE , T2 i
AHTE TR RS HE S 4 Fr 88, S A
TP A B0 N, 332 P A YOI R R R e e
TR TR K YRR A 1 AR B A ek 2 IR T
IR RS0 4 P SR A T R £ 3 T Ak I
5B T— 55, 5 U 11 b v 22 258 W/ o
FERRIEZE MIZE 10 1 T B R 0% I Wb ek J2 45 ¥ %
B R ILEE S AP S0 . B 4 2 SR, 200 4

340
=2
g 3207
=
.S 3001
.8
2 2801
o
o |
—§ 260 —~type type 4
£ 240 ——type2
220 ———————————
o 1 2 3 4 5 6 7 8 9
time/s

Fig.4 Standard deviation of overall temperature distribution of materials

under five kinds of laminated structure
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