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Abstract  Aramid fiber-reinforced polymer (AFRP) is a high—performance fiber—reinforced composite with
high specific strength, high modulus and light weight, and is widely used in aerospace, military equipment,
automobile manufacturing and other fields. The characteristics of AFRP anisotropy and inhomogeneity lead to
problems such as delamination, linting, and excessive heat-affected zone during processing, and the existing
processing technology cannot reach the processing accuracy required for application in the aerospace field, which
constitutes the technical bottleneck of current precision processing AFRP. This paper reviews the research status of
AFRP processing, compares and discusses the advantages, disadvantages and shortcomings of traditional
machining, abrasive waterjet processing, continuous laser and long pulse laser processing and ultrashort pulse laser
processing, discusses the feasibility of using femtosecond laser fine processing to overcome this technical bottleneck
according to the principle of femtosecond laser "cold processing", and gives the corresponding research content and
related technical approaches. This paper points out the direction for precision machining AFRP, which has obvious

research significance and potential application value.

Wk H 397 :2023-11-21

HATH  ER H AR (12174201) ; R H AABLA 24 (62375145)

F—AER BN AT, 1998 4F A, WA 5T A=, T2 AR A B0 5 ) AR A WS TAE . Email: he. guangyu@foxmail. com
WAGVER R A Y, 2N RO S A EAE AR TAE. Email: wuzehua@tust. edu. cn

FHAMEI LY htp://www.yhelgy.com 20244 2551 — 1 —



Key words Ultrashort pulse laser, Aramid fiber—reinforced polymer, Heat affected zone, Laser processing

0 318

7 48 21 Y1 5 B 5 5L 525 4 RE (Aramid Fiber—
reinforced Polymer, AFRP)J&—F = BEHI£F4EdE 55
BAPRE, HIER SRR A AR BRI AL, F7 4847
AN g, R TS Z U0 PERE , s T
AR M L 5 B RO T ) 248 Jo i ) Ak, G Lo JBE T vy
KHAR) R (A B2 B 532 — ) (TR e R R
UFRYPTREPERESE . R AT RHE RS MR BRI T
A B TR

SIRRETAERA L, D7 A0 2T 4E B T i O s 2 R R
il KBRS, BN S, ol A S T R, PRI
TR L YRR A AR AP RE i R B A (1
Fm o AFRP A ZIW I TR AR G54 Tl
AN 25U, JUH IR AE A R AT, © 2 0
T TR R I B840 RS 3R 55 AL
I IEZ G R RS . AFRP 2 G FKH
TERAT A2 A0 oA e T i T sRaa b,
W ORI 5 A B0 T KR i n T A R 3%
SO HOE T A, 2R, AFRP FHRIA B 45
] Sk PR B S0, SBAEAL GO TR
Jikc O Tad R b 5y AR o3 J2= R B AN X 5k
T REFRIE, 2 AR Tl AUk 5 in T. AFRP

ARFFARD T RAEANRST " o PRI, WA A ks Sl 5,
SEER AFRP ATRHERE RN T, J& 4 AT VI F S AT o7
] FI N 25

R AT JUK SO TR — b AR 2 ks e i Y
W= W 58 QUITIUN T LN BN R (N S i s
H(107°~10" ) , /N T HLF -5 FHE A st B T[]
FEAR S B[] P 8 Bk op O Tl K BB 1A% 3 45 b
A, I8 FIE = TR Rk AL 2 SR IR R Y IR
1B, T8 1 e ik e T 1) 45 B MR IS S, S A R
Br s SRS Wk ob ioE i TAH e, 88 e ik b i
6, JEHIE RO, AT DA S50k G in T AR g
Z G AR AL SR AR, DT BB bt B Ak 1%
F VS HE R, A ST AFRP B S 4iin T .
1 fREmIF*
1.1 #H#inT

FEGE AN T 5 4, LA, 85 55 , X AFRP 9 il
T A B R FH O 46 2 24 9 o W R A A 1 e
Wk se i, Tk fErh, JJ B F AFRP Z 8] fr = A
14 B B2 R B i S0P R} 5 T 7 2T 24 R 408 it o B A
FET AL, AFRP o 35 45 2 4 fR 470 1ir 50 B8 e 5 T
BLAA, HLARC U ] Bof 2 48 57 5 e DA S A vl 113 i
HHRIER S EEARER, WE 1R,

1 HLAOIN T AFRP S8 e 1o
Fig. 1 Typical defects of machining AFRPM"

9T $wE AFRP AU, AP B AT 1T
THLLE T I3 ek . XD R AE i oA
EARHRFE LA B T AL, A4S T JLARE T 5572821
AESZ SRR TR S5 FIBER] ) H dnas ok
ATTE =R B S BSOS 88 ) 45 e
A9 T TTRRER (HE I 2544 AT AFRP 21705 St U
I, WA RGN B 2 A AR
— BT R BE TR AR A A TS B Al Sk X AFRP 4T
BEABE, S BT L T2 R 15 il ke B A AR RS I S
BESRBEBE A BB AR O I 8N, N 2
PLEELG T b, (Rl T =B A ]N , B3 5 AFRP
ARSI N L. BAO % WS, T AFRP ()% )
g

SRS B L S A A v U S A ) L ) R
DBRIESE . TR R AR A L TR
HCd AR oer AFRP $E TR, R HIERIRSE = 1 AFRP
PR R RISR L , £ 4E T 5 9 I A 2 hi i, 145

AR L TP T 24. 7%, TR EHIRIR A 4
T BN R A5 ok TR R R R
AFRP A TRARIRALBE , IR R R 3 Hride SR T 4%
INT SO0 TR A sE AL, & 98 AFRP ZEIGIR
T B 72 RE AR AT LAAT AR T8kfE . SR, R
SRAT LA3E Ao ek ) B PRk RN A0 B A
A T, (AT G 2 4= 1, JJ 2
JiINAE AFRP _E (YT H 38 AT sk G b 25 AR in Tk

FHAE T L hip://www.yhclgy.com  20244F 45 531



R = AR RO AF B AR RPN T AFRP
PRI 2 T )i

Q] J -

o )
B ‘ ﬁ;

()55 713

(b) B ] Sk L
B2 f5e )] 5 ) Skl AFRPIZ A

Fig. 2 AFRP morphology of traditional cutter head and

improved cutter head drilling"'?’

1.2 ERKEHRMI
TGN TR T B A ], BTN B A
TAf RS R T2 BB I i a8 i R
FERL 55 KT TR A A LA R ) ok R R G RE REE A T
I T o AR A v T e T DL AR R = DI T
B HLA R IR AE A, A2 U0 R oA 25 0 BB S A iR

" — R R R R

& s (b

FHEL G e T 2 A MORHEEA TN TR 7 AR 1 e 4 4
1 46 ) L, AT AR AR B i i DD W B i . 2011 4R,
SIDDIQUI 45" 5 FI 5 Bk 7K 71 % AFRP #E 47 4l L
T, T T U EN R R A S R A0 5 S o)
A BRI N T3k R R 5 S ) S, e B 4
JERL B 5 K R RIS B B T D ARAS AT Y
T o R T AR ) LT i T oK . 2021 4R,
S AKINCIOGLU""3# i+ SE e 85 T WM 142 U1Kk
JE BRI B AT AFRP 2 ADREURE B ) 18 5 A BT R
5 B S MR RB T AR 1 R 24 TN TS,
& 3 itk , TS 9 AFRP BHL B 20 R B4, INRESE
e HET, BRI SR IN T B 4] LASZEL N T4 R
FEIEWT TCHEZ M XA I TRCR . SR AE R AT K
SR THE, AFRP F5 4K I, X & FEHOY L &
BB A 22 B G, 2 T R A4 R 18R 1 R T
SEME AR XA RN T P BB R R H TS AR
U, KGN T AP EE A

s v
N e 00000
0 DO

2mm

-~

T : () BRI T3 E 5 (b) AFRP N TIEAR .
B3 ERR ST T2 E 5 AFRP I TR
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Fig. 4 Transmission spectra of epoxy resin and aramid fiber
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Fig. 6 Comparison of surface morphology of AFRP processed by nanosecond laser, continuous wave laser, ultraviolet picosecond laser
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