a2 ol % ot # A Vol. 42 ,No. 6
2018 4 11 H LASER TECHNOLOGY November,2018
STEHE . 1001-3806 (2018 )06-0775-05

51

EW/ A HAXBRTERKMERAEHEAR

(KBTI ARE e, KFF 130022)

WE: N TSI 42 E M IR 7EAS R Bk S o648 IR T B HATE SR, R 4 B sh AR R i £ R T T S2 56 5630 , U
T IRET A I E IR TE 2R GRSk oo R IR, 4005 TE AR IR TR I DA R0 S B SO R R A AR A, SRR
B, TR R K P ROEPE T, MRS It S A — e R B BR300 40 XAy — o 9 BR300 il A S5 21
G UHOCRE R T N 20. 5)/em® B AHRMAY IR EE B S T 47. 3w, AR HHT A BRAL P A R 157, 1pm, 51455
TR LA T e Ak 00 1) oo 3 S 7 B F 2 18 ) B RIS O 5 ZE AN AP AE T, SRS ) LA S A A B g DX, 2 it
KT 47.3)/em® i, FE AR DX Ay A 2, F53 03 T R B ' B ek 3 5 0086 I S 8 K, o TR RS 1) 0 48R 40
FF R RIZBU BRI AR AN K, BB LT Ae S5 s BF 98 25 R N O R 2T 2 31 U Mg i R A A R AR i T
SEIAR A o

KR WO TR B S A £ BRET AR A N s B LI

MESEKS. 0414 kAR A doi: 10. 7510/jgjs. issn. 1001-3806. 2018. 06. 009

Research of damage morphology of carbon fiber epoxy resin
irradiated by millisecond/nanosecond pulsed laser

JIANG Shanshan, CAI Jixing, JIN Guangyong, YUAN Boshi
(School of Science, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: In order to study the damage morphology of carbon fiber epoxy resin irradiated by laser with different pulse
widths, automatic zoom measurement technique was used to test the changes of the damage area, damage depth and damage
morphology of carbon fiber epoxy resin with laser energy density. The results show that, under the action of millisecond pulsed
laser, a certain temperature accumulation will be produced in the center of the damage region of the composite material. The
damage region has some thermal effect, melting, pyrolysis and so on. When the laser energy density is 20. 5J/cm’, the damage
depth of the material reaches 47.3um, and the height of carbide precipitated on the surface of the material is 157. 1um. The depth
of damage and the height of surface carbonization increase with the increase of energy density. There are obvious thermal reaction
regions around the spot under the action of nanosecond laser. When the energy density is greater than 47.3]/cm’, the thermal
reaction area of the surface is particularly obvious. And the damage area increases obviously with the increase of laser energy
density. Because of the short time, the damage is mainly surface damage and the outward pyrolysis gas expedition results in the
fracture of fiber structure. The research results provide an experimental basis for laser damage effect on carbon fiber epoxy resin.

Key words: laser physics; damage morphology; auto zoom; carbon fiber epoxy resin; damage mechanism

T

YEREM NG G R BRET UM IR S R T
Bepi P RE R L E B A PR, DR 2 e A P i A e

EEMBHR—R B BLRL R T LEAE R S
FERERH R R, i T A B i LU BE | LESR
T 1 90 452 o AR 8 5 A 8 2 )™ 2 1o T A0
235 UK AT A I S U, e o B )™ ) A BT

VEE R - 2 (1993-) , 2, AP 50 4k, I 32 2
WOt K H 5 W BRE AR IO T RS

# WINEE R A, E-mail ; jgyciom@ 163. com

Wk H 1 :2018-01-08 5 W BIE ke H 1:2018-02- 12

Bk, B E R SORIB AN o BT i 37
AR IS PR th R 58 2 AN [a] i BB ISCY , e
SRR AN T A LS W, RO 5 BT 2
AP NE S A AR LA T AR, AR B i
B OB S L I, BFEOES RO o Bk
LR AEIR A IR 7 AR AN R O R, DA R0
AT LEL AT 0 B A AR 7 2 A B MBS 05
— SO T RO S IR ET 4RSS B IR



776

WMot R 2018 4F 11 H
T EAIFRT —E MR, iU, 98 % it
S5 A PRI AR R ) T 20 e (LU
BT BPERERES R e g oscilloscope energy

FFTWGE . AN — 22 0K bk o 42 4 b1
PEATFTALE LA XA ek 2 THTHEL AR 0 RS BE ) 45 k£ 7
T . ENYE WAN S AREOES /T ES
FERVEE SR TSR T T 00 . HUANG %8 AR
FIT NA:YAG 88048 BRI LT 4/ BRI , 1
R 7 0T T B L, ZHAO i
O [k v 5 B B o T 27 8 B A 0 4500 T, 9
XN TRCRSEAT /7 o 2013 4F  ECAULT 25 A%
St I o 4 58 TR Tk 2T 4 S A AR R HEAT T
FE WG B, X PR IR AR, ST W R AR
B R AR RO G B AR R SR A R AT
T, AR5 T B U R AT 4 52 A bR B 45
o HRT, BOCXHIR LT 4 2 A6 R R G HL LB 5 3
T EXRO U E) L B b i R g BIF 5T, 28
B R P T R e AR S5 vk X ey
VTN RELE AR TR BE LA B B TR SR A8 A, T B
[v] RO 2 Hooh 52 4 B B 45U T 300 RS8R AR Tl
PRI , X TS [k T8 0O 4 B8 52 2 bR B 105 T 35 %
P56 0L 2R S F AR

ARICH R T 2R RD K b O IR 4T 4 FR
SRS B R , 15 B B 2T 2 B 480 1S 16 7R [7] R ek 2
JE T A TR0 S0 ok L 40 T A8 A0 T AR A T
T AMHT A5 T PIRR K T8O 5 B 2T 4 3R S D A
HARHR R, 7 T HAR R P 25 5. RS
25 T R O6 I T 2T 4 3R A B SR A S0 5 b i ik
B o

1 SLWRSE

SCEORE E MEOG A o e B R AEEL A A% 5 3
YRR T 6 BB T R LI RGN R AN
K1 s o P Botas R TN FMEOEAS Chi OG0k
Ko 1064nm , FOLEER VL E Dy 0 ~2J n] Y, fin th 38
Yk TE Sl 1ns ~ 10ns A] 37, A S5 N 1Hz ~ 10Hz
AR AR 0 100V ~ 1000V AT 3% ) (ZZRMEOEAS
(gt P O 1064nm, iy 3 Ok 5E 4 Tms ~ 3ms 0]
P, BN 1Hz ~ 10Hz W] Y, ot th BE &
1] ~20] "JiY) o Segad #rp, — A8 Hot s e
AR RERE T b, MBS SO G RE R s 75—
WOGZR T T 4R 05 B 8 IR TR Bl 2T 4 B S0 i 2 1, v i
3 YRR 5 18 T B AT AE R UM IR S5 R, Tl

carbon fiber
epoxy resin

ns/ms |
laser

HG

converging lens

u,»
beam splitter

Fig.1 Experimental system for laser-irradiating carbon fiber epoxy resin

composite material
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Fig.3 a—damage depth of carbon fiber epoxy resin with energy density of
20. 5J/cm’® under millisecond pulsed laser ~b—damage depth of
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Fig.4 Relationship between damage depth of carbon fiber epoxy resin and

energy density under millisecond/nanosecond pulsed laser
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Fig.5 Relationship between carbonized height of carbon fiber epoxy resin

and energy density under millisecond/nanosecond pulsed laser
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Fig. 6 Damage morphology of carbon fiber epoxy resin with energy density
under the action of millisecond pulsed laser
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Fig.7 Damage morphology of carbon fiber epoxy resin with energy density
under the action of nanosecond pulsed laser
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