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Research on Influence of Processing Parameters on Delamination Damage and Control Strategies
of CFRP/AI Interlayer Structure During Drilling

ZHENG Wei, WANG Dawei, SHAO Fujie, YANG Zhen, YANG Wubing, WANG Zhenquan
(AVIC SAC Commercial Aircraft Company Ltd., Shenyang 110000, China)

[ABSTRACT] In order to explore the influence of processing parameters on delamination damage and control strategies
in the drilling process of CFRP/Al interlayer structures, firstly, a test fixture is designed and a test platform is built.
Different types and materials of drill bits are used to conduct drilling experiments on CFRP/ALI interlayer structures, and
high-quality drill bits are selected from them. Secondly, the optimal machining parameters were obtained through drilling
and hole making experiments on high-quality drill bits under different process parameters. Finally, the variation of axial
force and torque during the drilling process with process parameters was analyzed, and the hole making control strategy of
CFRP/Al interlayer structure was analyzed. The research results show that the hard alloy double-edged step drill bit is the
highest quality drill bit, with a speed greater than 4500 r/min and a feed time of 10 s as the optimal machining parameters,
the maximum drilling axial force and torque decrease with the increase of feed time and speed, and the drilling quality of
CFRP/Al interlayer structure can be improved by increasing the speed and feed time.

Keywords: CFRP/AL; Drilling holes; Double-edged step drill; Process parameters; Delamination damage

DOI: 10.16080/).issn1671-833x.2024.21.114

PREFAERG IR S AP (CFRP) HAT R i Ui HA RO DI B2 | BB U S e e 1, IR AL RH
FECRIEE 05 BT 55 VERBGR R 25 S o MR AL AR SRS RE AL B3 Ti S [F) (], DLARAS B 4
ZEURGUATE] T Z ], HJE CFRP A RAS B ML G PERE . XAF R RE PR TR S5 14 (14 95 B2 R BT o o ok

114 Wiz Bl&E AR - 20244F 585678 5 2110]



PN
RESEARCH HI:%ICEI

N AR E TR R A, 7E R 2 2540 K 14
Hh A R R m T A T P A2 R 1 A L
J& CFRP/AL 2 JZ2 45 by 25 P i P o AR P e LAY I T 1
2o HTHEAME FIMEZE Lr Rtk L&, 4
Ja AR A5 1) [P R AR AE , i FLaE R T e ) AR R A AR
FHR, Gy il FLIX 3= A= 7 51 (0 i T8k (43 24403
LA A TR A ) o X BB R H
M) CFRP/AL 32 )2 2504 JLAT N T RS, o B 229 2 30
T 5 AR BTG 2 e TG FH AR Ol . i 24
T CFRP/AL J& 2 45 ¥4 76 L 25 45358, 555 vt 20 2% il 3 v 1)
. PR, PS8 CERP/AL 2 2 45 M 4l 1) ) FL it 72 5%
M 51 2% AR il SR s A SCER R

XA SRS VTR AE SR 48
Fe SR LSRR AL R A AR PR, N A 2E 2 i T
TR, Ho WK AE P AT X BB AR 4R B A A RS
REEBREIUIN T 5 W2 B 2445 ) 151, %) Bl B
L1 28 )2 MR IFL T 200 %8 M ] Bk Bl AT T RS,
T e A S | AR TN Sk SR T b e L
BIRIE S BEIE A3 M, $E T B2 I TR T2 58k, A5
R TAEGERA 4 52 A RS 2 6L B Rl X1
ARG DA B A 4 R A MR A &SR HLE S
FEAE TR o2 B S b ), $E AT T B LIRS, R
WEAZ RIS AT T T LR | J2 il gk 0 ) HL T
ST LR AR, 25 R R RS S T 55
BT AR FLA s AT S YRR T 238
X} CFRP/AL & 2 b4 kil FL 5 B 5952 00, & B0 /)N g 2
A TR g = il T AR A I A v N T
SRR AR 25 i LT B AR S B TR R
TR B R %, i VI 13858 208 T CFRP/AL &2
ARG EI G S 1, BT D0 I 2 06U Bl 1
FIRZIRLAEE ; PR E5E  JE I —Fh oy 2S5 In .1
20 IS R AT IR US4 R R A2
ARSI T T 2T A R LB ; Zitoune 25 7 38
R EEWFSE T CFRP/AL &2 MAEHEARFM T T2 F
BRI FLABR I , 445 SR 2 ARk 25 ARG o P R AR AR
G FLEEF LR, (0 [R] ISt 2 i 1 A A L 36 T 64
;s Mahdi 25 ™ B 5T T B E] T2 S 500 B 20 X
CFRP/AI & 2 I FLIRFE BRI , 45 52 A Bl 11 4 1 g 0
LI S8 T 22806 %, B & 416 I CFRP 7F
A 20 A FL T B B A PG AR 4 P X CFRP/EK
G & B R T— BT , BT T DI S50
CFRP/k G 4 i FLITT 5 10 B2 i BLEE , 485 SR 2 44 v e
55 RARE 2 2w ARSI 0l e) 7, SR R 1 it 45 1
BRI TERA ETEBE ARV | Gy bR b g HE s )
el T. CFRP L, k45 R s i TS 506 )

TERE & LT A 5 XALF4E YO RS T AR T
BB GFRP/AL & )2 MRk H Sl 1] o Ao L2 i
Jo 5t 1) 2 ), BIF 5 3% B v 2 2 o 2 G 4R A 4 i AL
i CTE AT GFRP LI 605, SRt A L, 3=
7 X R B 42 R GFRP il L5 12 52 17 B K5 Hocheng
A U 5E T ARRITEARES S (B FLAE BERG L & Bah s ) Bl
Al 1 15 5y 2 EBE I DG R JF A A B R ECE RS
B Won %5 ' 3@ i e 1 b BB 51 S AL, BT T R
JIXF N Hl i ) 3 (9520, 3F#E H. Hocheng Ilfi 54 ] )
FRISAR A B Sl L4 Sl T PAG 5 | S LIS A I S 1)
YRR Davim 45 U 1 FH A AR B, Sk RN B R B A )
GFRP #1R}, AfF 53k 45 10 AT 5 R X6 Al 1 07 g i T
FELRE 2 (52 m 5 Aral 258 U 1 FH i U (HSS) 4k VR
FRERCTIN ) U )2 Ak Ak (WC ) BB A a4l
ST GFRP, AF5E J1 5B REG &l ) 7 LA K ) B
T R 52 5 E1 Bouami 25 U L4541 FLIR L,
BFSE T 48] T2 25005 CFRP/AL & 2 A RHRFL B 4
S g eI, LR S AT TS SEE A, L
AR R, A TS B A AR R
Wi oy )2 E AR/ &R Z A E S T, B
KNG TIHRZAL J] AR B EAG, TR
SR BB N T SR LRI T Bk KA Bh T
UMb BRI T 280 ) 25 M SHlFL R I R R L35 5
CFRP/AL J& |2 Z5 A0 il FLAE S B 8 i H o

Tt R LA FRTHE AR 715 C919 KA 1
TAEEIH, Horb ¥ M 80% HY45H) & CFRP/AL 32 J2 4
F AR5 KA 4 RS T8 N T AR a5 35 5 R S L 1)
HAMEA BERAR, REENIIETFRRKENE
2EHIFSY  (H HFTAET CFRP/AL 32)2 58 A A kA5 3t
AN R AEIR G B B, WA 152032 /9 Tl 72 7T
Tl A A 7= 1 o s 4 AR T AT DA AR A . [
B, 2% ) B S E0R LT AR E RORAG it
PR, R LI R rh 2 5 th B 2 B4, 3 H L
B B T, BRI 2% CFRP/AL I J22 45 46 4 1) 761 L
FEARPEATIRAGRIGT , X6 BE A B 1) Jo et ) R B R ——
) AR A TS T B Al i ) 2L 4
PS8 B 7 B RN I 20, DA = B o et R )
G & A B W N

1 AR%4E%E CFRP/Al E#RYIAE] 7L 38
1.1 RIS AR Pl T B Ak

RIS FHF KLl CERP/AL 2 2 6 4 b4 KA, o,
A4S REN 7075-T7451, )55 4 0.508 mm, CFRP £1
RHERE A 2.032 mm, 5K FHHE PR G IL A, 1 5 2T 2
1 TROO Zf 2T 4, LA A BHAH LE T T300 ZAt e} i i |

20244655678 52100] - i BlE A 115



,—‘? N »
m%lﬁx RESEARCH

P B, W) R i, B B A e b b | R AT 4 TR
R JZ I Sk [0/45/45/0/0/45/45/0], £E ] B398 )5 1
AT B9 38 2o TN I 52 4 RE T BB A A O R A T
ST, R PR A 4 e LU IR FEAR Y ] LA R, R EI
A il FL T EL AR DL R A3 5% J 0 ) Al U TR B 4 R
ML TE T A 7 A A A OC 70 HL S e #6511
i UV S L T B AR B T BRI B RR AL AL
TR L/ TH AR T RRAE S 5 Bl WL 5 Bl 6 Rl Sk
YE AR5 L) B B3k AR 4.8 mm, T HZ %
w1 R,
1.2 RERE

WE 1R, R 24006 75 5 4 5 3E 4745 1) i FL
I, w0 A A B 5 10000 r/min, FE IR 12 1 (1)
1 2y Lo 3 FL 7 0] 132 B i 45 i ) DK SF 32 30
CFRP/Al A5 M BT A P B 2, R CFRP/AL
T I 210 mm F0E FL S HE, PRE RS 1 L
ST FL A 5 38 S AR — 3, SDC-CAM Il g {3 &1 2
NN T 5 LA DT 1 R RS, (55 i
XY-FS21-4A FIREE RG AT RAE IS L 21T E
ML TR S8R 2, RIS E MR A S TZEA (A
1), Ik CERP 24k (b 1), L5 = — T fL .
1.3 AEZRBTEFHIFIFLIKEE R

1656 1200 r/min JF 45 1] 5 s 19 600 R, % 1
6 PR Sk AN I LT & EAT T RIE TR, AR BBl
FUIESRNE 2 . al 2, 25k i Bl 3R 22 52
S, BT LTI ELRA TR L AR TR R4 1 5 5 M AR R,

®1 KPRk

Table 1 Drill bits used in experiment
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Fig.1 Schematic diagram of experimental device
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Table 2 Test results of drilling holes with different types of cutting tools
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Table 3 Drilling morphology obtained at different rotational speeds and feed time
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Table 4 Dimensional accuracy factor and stratification factor under different rotational speeds and feed time
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Fig.3 Changes in axial force and torque at a speed of 1370 r/min
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