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Abstract

To investigate the surface morphology evolution of carbon fiber reinforced polymer (CFRP) under
nanosecond pulsed laser irradiation with microwave assistance, an experimental platform combin-
ing microwave and single-pulse laser synergistic effects was established. The influence of microwave
power and laser single-pulse energy on the material’s surface morphology and roughness charac-
teristics was systematically examined. Results indicate that under isolated nanosecond laser pulses,
increasing laser energy significantly enhances surface undulations, resulting in pronounced surface
irregularities. With microwave assistance, the initial thermal state of the material surface layer changes
without inducing noticeable macroscopic ablation, partially suppressing surface undulation ampli-
tude within the laser-treated region. Compared to the microwave-free condition, under identical laser
parameters, overall surface roughness metrics decreased. Notably, the Rz value—reflecting extreme
peak-to-valley variation—decreased from 10.6038 pm to 8.4166 pm, while Ra and Rq also exhibited
varying degrees of reduction. This indicates microwave assistance effectively mitigates extreme peak-
to-valley undulations formed during single-pulse laser processing, improving surface morphology
stability within the processed area. These findings provide experimental references for optimizing
process parameters in microwave-assisted laser processing of CFRP.
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BRET HE3E 50 2 5 A1 RHCFRP)ZE DA IR N2 1A . BREFAEVHG S et L a AR, AR mii . s
B ARE LSS RYERE, HATC) 2R THUEIR. 8. BT W LR . TR, WOt
INTEAMKICARZAR I T SRR RIS, RSP TR I MO RN 1. #OtRE
g0 % G5 S8 SRR A L B 5 R Ase v, JEHIE M T CRRP XS 1Al S PR AT RH s i BN TRk, ik
Bt AR A M BT SR I AR S — o RIS, SR BORTE CFRP I AT 19 FH i i
FREEHRTT o ZBORME BN BB SEBL > 72 I A BN, A R BRI RCER m . I SR LF S5 5 .
BHXS CFRP MM 5 2 R R G EHIRF =, T E REAT RS M % S A e T 0 5 2R 14 5 T 2 77 58 1]
AL, A7 B PR A R S 5 i AT REdE[1]-[3].

ARk, ARZ A BISEHEEOL S CRRP HIM AR TR VIR AW I FERGMIN T UK, 7K
S5 NAIR U R P 4 S X Rl 2 A 1) S T A 42, IO R S P TR0 38000, T 21 4R T e 2. O/ C LIS 3R T
290 s TR S LA U AR ER, B £T Yk IR S7 T BT DGR e i 20.47% [4]. FZESE AR CFRP
JEE R e o SO B A IR 5, 2 Re . SERGEINIR T IR Y Ak, U F R 2
K ZE B AR 26% [5]. Ansari S M & AWFFE i /£ CFRP B P BEVR R A (N, Se 28 Sl il
BhAC 2 RIS BB AT 4, PR S AR T R AL AR CNT Bt e 4R RIS I B & 408E, Stk seseTt,
JETRIBY) S AR 558 S 2R 8] W R PR B R U R 7 ) 5 vy 8% 29% . 19% [6]. Sam Ang Keo 55 A 44
TERLLAMARAZ ARG I CFRP 0 [ RS X AF SR A RN, ST BB IF/E 2.4 GHZ/360W T 7>
s DA 2 SR EREEAAEA FA IS R SR I0AIE, VRl 7R SRIGICE,  UESKIZEART BRI 11531
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WRET. EROLTT, EEMENEES BV RGE V0L, FHRE CFRP0.3mm LA EfLIN T
WHAL, GRS AR BRI AR, RS EUEHIAR 0.15 mm SRR EE L, B EIR R E
T, MTRERR, #EmIXEHITE 5 um N[8]. MEWSE NI 523, 785, 1064 nm Fak KXt
CFRP DIEIff5em, KB 523 nm P KN EIHEH PR MERb iR FIRGE T aljd NG mi X I35 5)
RERIEN, BT3GR IR 148 56 B SR, IR R 35475 [9] . Kelsey D 25 N/ #miskot V)&l CFRP
(kG XX H e RE IR, SR R XS 48 2 KW 1070 nm SO SER R I,  BOBIHIRE
i S EVE REBN U DI B 38 R I, R R B A R R 2 A, TR X 4N 26%. $E T
k12852 8 [10] . Slevas P 55 NS CFRP I LA X K% i S0, WF 978 SRR RE % TR A, @
R D) EI IR K S HGE . RICH DI T 24N LAHAE . HAZ vl 28, e mitss, H
SEIL N T8 858 mm/s. (NEEFREE 1.27 um MIE BRI T, ™8 CWRPEOEI#A[11].

R A S B M S CRRP AR AR I, ESE T Rkt . ot in TR RTE
CFRP I A A7, 10 T-Aist 5 ah R0 ik isos o Wi AR L, /b 193 3 B [R5 HE N CFRP B 475 72 5 AR
A R FE . BEXHIX — W, ASCLL CFRP ONBFRX B, 454 4R IR THE 5 2 #AHARRE, JT
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fkrf e EERESE, RGEVA T AR FEREBEET CFRP M G2 B A . 05045 R ik
B NED Bk O R IR CFRP 1 T2 S5ttt — e &%,
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Figure 1. Experimental setup diagram
1. EWEEE
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BB 2> 7 AR 1) GMG-2012 R0 Dh 23808, el 3y Tolk b H 2.45 GHz; 1k 504 & i i DG645
K kb AE I 2% S I R R DA ] . 7RSI8 R G M B B B B R AL N S R (I MR AN
AR, WIFLRSFZ) 1 cm x 1em, SEEMIEEEZ) 1 om). %454 1 BEE B SO 5 A 40 A T 1
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FE B 43 A A A R AT P P BT S S B A P X R, gk 4 O 5 M TS ) e B A P, AR A
PR ARG, S e AR . S R, SN #GL AR Hh DG645 Gt —filuk I A BT, kAR A
I N 40s, HAP RN IR B4 30s i, B DG645 [t KRG RIEMAE S, WOt RSB g
POk E T CFRP Kifi. WOLhKEA MG, L3RG 1 TAE, SEMEH T G803 B 1)
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BB, EBOGBER ST 2 mm A, SREOGEEE N 140 md. 200 mJ A1 270 md. JE I RAN R
JeRE R AE R IS RITES RGO L, LIRS R 2 FioR. BHIREOLEE RN CFRP Rl
REAE BN TRCR B sema R, v ST R il Bhisot v [F) 4 F s Le it 7 25 58 2 RR kil

Ra:0.9652pum Rq: lw.'3424um Rz:5.8160pm Ra:1.1711pm Rq:1 .5419pm Rz:9.1343pm Ra:1.4748pum Rq:2.i896um Rz:10.6038pm

Figure 2. Single-pulse laser irradiation of CFRP under a 3D surface profiler: (a) 140 mJ; (b) 200 mJ; (c) 270 mJ
E 2. Z4ERmNE T BT R CFRP: (a) 140 mJ; (b) 200 mJ; (c) 270 mJ

FENPER SN 2 mm 4AE T, TBWEOEAE RN 140 mJ. 200 md 352 270 md, BOGAE A IX 45 [ 15
R EON R E R IERBAHE. =43 DR REL 2 X W i bRl B 5, B R
BN B R H BENLI 2 B A TS X RWIE AT Mg BB AT, SO R e ) 22 B
FEUBRSR - HERANE, R REA BRI .

MEEOEAE R MRS RESE RvT Jn, BB WO REE T, CFRP R AR S 2 & L&
P MPOLREEI KRR, Ra M 0.9652 um BT+ A 1.4748 um, Rq H 1.3424 um 4% 2.2896 ym, Rz &
72 M 5.8160 pm Kiffg E7H2 10.6038 um. XEUHOGRER MG, I LR P RN HEREREE, [
AR 1 ZE R 2 B K, R REAR BE B A Il

4.2. WUBHEEN SRR CFRP
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Figure 3. Macroscopic morphology images of CFRP surfaces at different microwave power levels
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B BRI LT A P LA RO SN PR A S SO 4 K S
P S

LR, (ARSI, BT R BRI AR B HOL AN CFRP MO TS %
R . 0% 1000W B, BEA 3 RHEM 0BRSS AL B AR SO AR 2
WAL, TR T AR T4 D% 71 1100 W R BL 1R, BRI et 2014 31
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Figure 4. Microwave-assisted CFRP with different laser energies under a 3D surface profiler: (a) 140 mJ; (b) 200 mJ; (c) 270
mJ

E 4. =#FENENTREEHEM AR EEE/ CFRP: (a) 140 mJ; (b) 200 mJ; (c) 270 mJ
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DX 458 A A 5 2 A R I Mt 125 28 4 ) DX Sk 3™, A = 4T3 rh AR B €8 IXE Fl FR AN T
S R i S ARAE O ISR A R R A B R . KRB it AT 4 Ao [T, OB 34 DX SR i
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