L 7 78
fim—jig‘ COVER STORY

FI A R 18R e, R LT L35 TR A G K B A4k ) e R BF I SR [T]. AL )i K, 2022, 65(22): 24-33.
XU lJinyang. Research advances in drilling-induced defects of carbon fiber reinforced polymers[J]. Aeronautical Manufacturing
Technology, 2022, 65(22): 24-33.

/.

BT YIS IR PG R S S RISEHI R EM Rt R

thimR

(Bl K5, B 200240)

[$EE ] #of 38BN I 2444 (Carbon fiber reinforced polymer, CFRP) vA -4k 53 4 4y B2k A o L 64 45 ) 2
AR A AL ARIR R 3%, T 4 )T 52 9L CFRP 25 Mk 3 Bk 40 X421 T2, 1 F CFRP B 3k 3 i fo &8 7 1k
A, LA LR T R G L RS R @ mALEE, R S A R E e TG . fE SCakR AR ey S el st CFRP
Y1 )G PR AR L 45 W) i A2 HEAT W &, K5 A CFRP 46 3LAR 15 B Xt 4720 %, & & %7 CFRP 4530 o & 7 3L, 20 5
PG PEAT LR, MR T S KB G 00 — AT RALE Ao - 77 ik, 1340 T T8 ST CFRP 1 3U3R45 69 Ra i . &, &

4 T HA CFRP #) 3Lk a3 Rok- 5 ik, I T E R KRR EF &,
KSR B ARG BTG R AR 4B E o s WAL B, Bradnd)
DOI: 10.16080/j.issn1671-833x.2022.22.024

[E3 P

BB, L ESW, EL, TE2H
R EAE S EHEETIHIE A YIH]
BRTHEMEAMTRERELR,

ik 2T 4 5% 5 ) )i 5 52 5 4R
( Carbon fiber reinforced polymer,

CFRP ) BBt 5 9y ¥RV RE A 221k

HIZEATIRE , PR S SR T 12
gy U, CFRP %1 A i E R,
AYZE Ty, H T HIE AT 84514
P ClnCHLSE B BE A ML i) 42
ML BRAE AR ] S B A5 ), 7ERRAIR
MU &1 [RIE], IRBEA R4 A
[ 55 Ffir o T F B R 7
e A% el e iz
FH CFRP SR T8 8 RpLAs A 14 LA
SEEE LR AL A AE B bR HiE
AHC TR BRI # 787 B KL
f) 2 A B RHME R E A 50%!" 5 28
% A380 MLE T A& & MK L ik
25%, HirP A4 22% 1Y) CFRP',
CFRP & — P i 7 (%) £ ] S5 P
PERE, L i 2T 2 b s A R i 6 {4
PR AL 525 TG, Btk £ A4 i B R
{03 N1 52 o/ = DE O LY i o N
CFRP K HI WA 7% 42 PN A0 4T 3% 122
77 AR SEIREE R 1 (AR e, PRI T AL

* BEWE: BRK [ RRAIES (517053195 52175425 ),

24 WisshEEEA - 202245 565 55 2210]

JA CFRP 2544 {124 I i 42 1Y) 5%
il T2, M1 CFRP HATAEH T |
Al SR R E 4 5 R AR AL
74k ) FEAATE R FLad R b B S 2
AV 2% BR5 R BB, 45,
S VT 155 D) I £1 2 3 5 R
BIRRFEARI , T PR BB EAT AN ]
AU Ji8 W SRS, BT LR 4E / S 1A E
FERFE BRI R i S AR 4y 2
o) 1 T g g e
ST EE A CHBREAR T 5 S bR
SER RN T, Hoh )2 R
PO A AL 2 AR CFRP 3% T8 57 5 1
WA 22, b M EIN T ALY 1%
SIREE SR 55 A A, B R R
W 1, REZ A MEBIERE
FRE 2, BRSNS [E]
JEAATS T H i 29 T CFRP 78 fii 25 1]
it R I N . 4R s CFRP
BFLBRBEIE L, F NS E T A



AT
COVER STORY £)1‘ mix?‘

ISR IR B A AT 7 TR T K
WIS TAE, 7E45H] CFRP o 2
o DTS 80, T) BRI 254 2 5
Wil 52 A Ak FLAS 0 1 G B TR 2R 3
AN T S80I & i rk RE & H
Bk BEMEAE T 22 KRR R A
A RHRFLAB A3 1 7 A, 2 T S 0 7 I
L BAr. FfE ekl BoR
B & LIBTEREFL A4l | B
PR S Lo AR R I S i T vk
T 3Z W HF] CFRP & B s fL
kA BB FL B i B ER AL T
BT YR, B TR E ORI e A K
B CR929 MW, 52 5 ML i It dit
A T2 B — 00 38 LR
TR, A S i % CFRP 4 1) Bt [
o BRI T K45, 25 48 78 CFRP
BFLAYIZ L B 5L B
FRHLIE, BEAR CFRP 7L BG4
HOEFE 2R, IR B R K R T Tl
LI Ry 3 T 9 25 1 15 958k CFRP 5
F N T3 e S 5%

1 CFRP ¥§I#38

FH TR 21 4 RS g AR 7R 3R
SRR BT, CFRP Y)JE £ BR
RS ES4&JR MBI S LR A L
WO 2k, NS B 7E CFRP
VIHIHLE Dy T T R il S
15 BT, A OG5 R W, CFRP 1%
JER S YRR M AR i
VS EARESIRGIE s A0 I} = ES 7IPYIN
£ TR RN UTR7) IS 4 R % N T}
it K B £F 2 W 54 ok 3 2, Koplev
S5 PYBL i PR AR T L)
)= CFRP D)) 2 BR UL, BF 5T %
B, e W7 24 = 5 CFRP I T A2,
BAMEBHIE F 2RI EESL
ARICAS, 2R 4E 58 )2 J7 n] %k ke 21 4 1
Jo i AR A SCHEAE T (1 1%7) . Wang
SR TR T ML )2 CFRP Z AR
IEAS YIRS, ¥R9C 1T T U M
YIS B 27 4 ) FEAR PRt 72
P e R BIF T 3R, & MR
YIE 2 DR E SR IE B FTE,

A i AR T A AT Yl )2 A
CARL & A TR N R SRR
BT 34 3 2 e BRALH (& 282,
Hiescu:™" 137 FH B BOC Ay B 7 B 0F
5% 7 Bl 2 CFRP IEAZ VI HIHLEE,
SR MY R 0° B, 472k
20y e B RS B S R
KT ET; ML h 45° 1), BEE
TIE s BN T R LR 4k 5 & )
S8 T Xk 0 LR 0 T R A 7 A )
RV, TR 0 T 0 B B4 5 i
LT Yk A Ry 135° W), 27 4 b 2L 5
i ) BB R i TS R, T B R
IN AR GRS K A A R B

(a) 0°fli)Z

AR S S I, AL N TR R R R
72, ChengZ5> i FH 2 08 AL A 8 A5
D7 RS T B Al 2 CFRP IEAEY)
HIl A AR, ZE RO R R T
CFRP Y18 L BRHLEE, JF4R 5T T A
2T Yk 2 AR R R 2T 2/ AR ARO0E e
MRS . Rk P 3
T Hashin 2 CE N, 2257 7 5 a) Hl
JZ CFRP 4 1E 22 VI 22 WAL TR, 2%
KRV, A 4E 58 )2 )5 W) &5 CFRP
VI8 2 bR HLER 0 OG5 R 22, 2 41 4k
HiJZ £ 0 0°.45° F1 90° B, &2 & #F
RFTL I T2 T R A 1 S AT 4
2R 135° B, B 3RAS A m T 3%

i b sil

(b) 90°%# )2

E1 2EfEE CFRP ESIRESTIEINESIERES ™

Fig.1 Orthogonal cutting mechanisms and chip morphologies of unidirectional CFRP laminates™
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Fig.2 Chip removal mechanisms of CFRP laminates under different fiber layups
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Fig.4 Crack forms in drilling CFRP laminates
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Research Advances in Drilling-Induced Defects of Carbon Fiber Reinforced

Polymers

XU Jinyang

(Shanghai Jiao Tong University, Shanghai 200240, China)

[ABSTRACT]

Carbon fiber reinforced polymers (CFRPs) have been extensively used in the aviation field due to their

superior physical properties and flexible structural functions. Drilling is a critical manufacturing process to realize the

assembly of CFRP structural parts. Due to the heterogeneous and anisotropic characteristics of CFRPs, the hole-making

process entails complex chip removal and surface generation mechanisms, prone to serious machining-induced defects. To

date, worldwide scholars have carried out numerous investigations on the defect formation and suppression mechanisms of

CFRPs. Based on the comprehensive literature survey, this paper firstly describes the chip removal mechanisms and drilling
process of CFRPs, then classifies the CFRP drilling defect modes, and briefly reviews the CFRP drilling defects such as

delamination, tearing, burrs, etc. The fundamental formation mechanisms of these defects are investigated, and the impacts

of process conditions on the generation of CFRP hole defects are discussed. Finally, this paper summarizes the existing

defect suppression strategies for CFRPs and points out the future development directions.

Keywords: CFRP; Drilling; Delamination; Tearing; Burrs; Defect suppression
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