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Formation Mechanism and Experimental Study of CKRP Secondary Cutting
Surface
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Abstract In the actual processing procedure, multi—step processing was commonly used to optimize the hole—
making quality of carbon fiber—reinforced plastic (CFRP). However, there was still a lack of detailed analysis on the
formation mechanism of the cutting surface in multi-step processing. To address this issue, this paper constructed a
secondary cutting simulation model for four typical fiber orientations (8 = 0°, 45°, 90°, 135" ), and explored the
formation mechanism of the cutting surface and the evolution pattern of cutting damage during the secondary cutting
process. The results show that with the increase of the spindle speed n, the secondary cutting force exhibits a
significant downward trend; while an increase in the feed rate V; leads to a significant rise in the secondary cutting
force. Further analysis reveals that when the fiber orientation 6 is 0°, the influence of the cutting surface damage
from the first cutting on the second cutting is relatively small. However, when the fiber orientation 8 is 45°, 90°or
135°, under the condition that the second cutting thickness is less than the depth of the fiber damage layer caused by
the first cutting, the second cutting can effectively remove the damage layer generated by the first cutting without
causing new fiber damage, thus significantly improving the quality of the cutting surface.

Key words CFRP (Carbon fiber reinforced plastic) , Multi—process, Damage evolution, Cutting force, Finite

element simulation
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Fig. 1 Micro—model of secondary cutting
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Tab.1 Material mechanical properties and model
parameters for cutting model

Object Parameter Value

E,=235 GPa, E,= E,=14
GPa

Fiber elastic modulus

Fiber Poisson ratio v,,=v,,=0.2,,,=0.25

G,,=6;=28 GPa, G,,=5.5

Carbon fiber Fiber shear modulus
GPa
Fiber tensile strength X=3.59 GPa
Fiber compressive
X, =3 GPa
strength i
Matrix elastic modulus E=2.96 GPa
Matrix Matrix Poisson ratio v=0.4
Matrix yield strength a=74.4 Mpa
19=60 Mpa, t°=t"=110 Mpa
6:=0.33 N/mm*,G'=G‘=
Interface - 1.209 N/mm?
K, =4x10° N/mm’, K_=K =

1x10° N/mm?

Cutter rake angle 20°

Cutter clearance angle 5°

Tool
Cutter blunt round
. 10 pm
radius

Cutter speed /mm/s 2 093 mm/s

Cutting model

Model size /pm 150%150%26 pm
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Fig. 5 Relationship between process parameters and cutting

force
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FHIMEIT.Z  hitp://www.yhelgy.com 20244 5543



i UL, 2 S VDR B /N F AR T 23 m #4755 —
UYTHI, BVES — R UTHIEEBE 4351124 15 #1130 wm, YITH]
F A HOIIE S AN E 7(b) ~ (e) Firzs , 85— VTHI5
275 R V) E o R o ) 2 Bt A an 1 7 (d) fr
No M K YIHIERE a,,=15 pm B, 55— Y11 A9 35
P2 Rew o 4 LBk, VIR B V5 Wi 4 i 27 4
Bl A bR A R U S R v 2 4 0 R KA TR
JE 556 — WU 5 KA 05 TR BE AR - 5%, 4F 4k 1Y
B RIGTREE L4 15 wm SR, BT B AR 9
L0555 R U 2% T A AR B KA TR 5 5
— U AR A 2 5 258 R IR B @,,=30 pm
ff, o 23 pm BN SE — R UTHI ™ A 3540 )2, H:
AT wm A EG)E , BT EZ R, 5 — R DT HI
W0 )2 FE AR B L Bk, T 2 U LBt R
55— R U 2 B ik R SR AR B, 27 4k 1) W R S A A
J1 ) £ 2 B 1 fnk i Ak R A A 1 S DR R A
I ET S B KA IR B 24 21 o, B 1 2 T S BH
KEFHRAYE B, MO, W RE SR B B SR B 40 5 5
— YT A AR

UL AT O, T 5 — DT IR ER ik U0 I ot AR
HhAR 1R A (4 B8 3R UL — 3, 0 LA L P Rl
TEN 58 R YD 7™ A 0 R AR08 05 TR B AR A 4
SR, 56 UK VI RB A 2 22 B 58 — Wk VT 2o A v =
A AR e 00 )2, DU Y5 IR E /N T4
— R YTEI 505 )2 V5 B B, 5 R OO A 45 e 45140 5
55— U VI 0 45 A 45040 FEAS A 22, B G EE 5 — k)
IV BB AEAS 7 A BT £F A 401 0 0 il b A s B o —
WYTH 7 A 03 2, 005 58 R U R B R T4
— IR EE R, 55 R VI £F A0 0 R B 5 5 —
UCHEAA Y . BI85 — R UTHIR /N F 58—k YT H
LT 2 UR S B, B DD ) U T D Y
ML BT /b

1 [,

(a) ER—TJIUIHIHOIIES (6=45", a,=30 pm)

FMET L htp://www.yhclgy.com 20244 2543

SRS T R | PGS

(b) S JIVIHIRI UL (6=45°, a,=15 pm)

(e e e e g e iy

71 "a =30um

|
A |

HARS »i

\ gk !
i

T BT ED SN
(d)  H—TIVIH G Ak 72 (=45°)

K7 DIEIRITE N R (0=45")
Fig. 7 Cutting surface formation process (#=45°)

HEFHEHR ] 0=90° I , 55— YT HII AN — X UTHk
TR R YL T 200 SCEEA AR, ZE 35 M s Ak i 2 2
RIS, FETT 1R 54 kA T ke, infsl 8(a) ~ (¢)
FR o S — U UTHI YT 2 1w AT 4k i %, U

IR RN TR PR R RE L 17 pim
(A3, 7R 5 R VT RE 230/ N T AR T 17 wm R4 7
5 WUIH, Bl a,,=15 F130 wm, 55— IR YT H R
A ) AE S R T e R v v AR i AR 1#] 8 (d)
Bk M8 R VIR a,,=15 wm B, FES—K
— 99 —



YIS R P 4 T 15 wm, T8 T 15 um AYZT4E
FESS DI AR P G LA T S W, R T
F 15 pm BIEF4E, WK 8 (d) HH Y A ZbEF 4 T =5 F 15
wm [ ZF4E 78 D) H i b A BRAR 2T 2 1438 3 R 15t
ﬂulﬁls(a)tﬁﬂ’wﬁ%éﬁ PRI, 724 X 455 R B A T
N DI R R SRR AT A B R B —
{AEJQIJFEE’J%EMJJF BT AR I A
LR UR IS/ N T2 — R VT A (AP R R
PN 12. 5 wm, BUE  ARREFEARSZ B A R T8N, 4
R YTHI AR BE SRR S AR/, AN 3 um 5 2
B YIRS ,,=30 wm i, HoA AT 13 wm G0
JZ , BRI A DI A R R — R AR AL
BT TS — R U= A A6 0 2 A 20 R DT A
b T Bt RS W8 £ 4 B x5 R W R T
BB B A — R DI E R A A J A2 A Y
BRI AR ) R BB S , S B0 R DI R R g
Sk Ty TRV RS B0 4 T A S R DT () 2T 44 B, £
AP B RIREEZI ] 19. 6 pum , B IS SRS 5 3%k
WBRIREE L) R 25 wms
UL AT UL, 2455 — R BITEIJEE BE /N T4 — R U1 43
ViR BERT 25— U I 21 A3 )2 R A R kB, HAS
TRV LT GG TR A TN, B TR £ 4RI
TUIEE R ARE VIR, B IR SR 32 /)N, Hoag A
PR /N SR, 2455 IR VTHIE K T —Ik
YIS B AR R , o 58— R DTHI 403 )2 B e, 56—
YT EF AE45 405 FIAR iR S IR AR P A0 35 A FJ?JJDEIJ .

(a)  SH—TIUIHIRHOIESL (6=90°, a,=30 pm)

(b) S JIUIHIROIIEST (6=90°, a,=15 wm)

— 100 —

il

ot s ity e | shdeny’ - Shatnes - iintal v dnirsiogn ¥ if
| w7 HV—’:IS pm g E w—7] ‘1”1730 pm E :
|

W1 : A
}J oIkl ‘VFI&)\JM}J 7I<J2

“'“h i ﬁa
(d) ZE—TIYIEE RS LR (0=90°)

&8 YIHIRETE Ml 2 (6=90")
Fig. 8 Cutting surface formation process (6=90")

LR YEE ) 9=135" 1], £F 2 (1) DI ) ir 24 7 53
A—F R W, E9(a) ~ (D) FTR. HF—
YY) 3 A v T LR T TR L 4T A R R R 1 R
G e ] LS E R N R A Ma e 2L, R, 70
ﬂTﬁtﬂﬂ%MﬂﬂWﬂﬁm% SIS W]
MIT BG40 e R IR 3K 49 wm, “ M
*”(M“L% pwme A I, 3 B XN T TR 49
pm AT IR IHI 347, B @,,=30 wm 160 pm, 4
5 R VIR BE @,,=30 wm B, 7658 kYTl A o
(M1 B 3 £ A A BT/ R 72 M0 & A2 25 4y
Wr, WnE 9(d) iy C Ab, f e mT U, 25 — R T HI o 72

T RE AR DR AN 7 AR 7 0 SR A A RN A —
ITH) b i vy A T R B T % B A
W/, B2 23 pm 22 AT, VDI R T 1 3R 43 F 4
Be s M8 K YIHINEFE a,=60 pm BF , LA 11 pm
Ten )2, 5 = YT BEA ST BR 5 — YT HI ™ A=
LRAER , T H i T IO 2 IR B R R A k)
Il 3k i ™ A R 0 A R BE R AR, 28 2 1Y e R it
PR L2 15 o, DI T8 U458 B S/, B s

FHIMEIT.Z  hitp://www.yhelgy.com 20244 5543



FEAR ARG IR BE 2 13 .

Hy g Al L, 25 DTSR /N T — R D) I 4t
PR B, 25 — OIS AR, BEA DR LA 7 A B
P05 B A b, JSBREE — R UTHI R ™ AR i
5 RV T28 — KT HIHR U5 R EE I,
TH T AR rh TE A )2 TR A BRI, Bl
OO 4 5 U R R . T, B
PIRIEIE T, 5 W UT I35 REA R0 32 i U 3R 1
JiiEE .

b CPHEBE _ _ ) L._. g
(a) FE—TIVIHIHIIES (0=135°, a

2 T B v Y i 4

=30 p,rn)

]\\\\\\\

COCRAERG

(b) %= JJJQJE'JE’M"ZUJJF/%E (6=135° ,ap2—30;un)

(117137 R e

-’

TYER

(c> B JJ’CJJE}'JE’M%XUL%E(O 135°, a,,=60 pm) .

FHIMEIT.Z  hitp://www.yhelgy.com 20244 55 43

(d) % )J’QJEIFEI’JL 1}3{‘35%317& (6=135°)

K9 DIEIFR MY 72 (6=1357)
Fig. 9 Cutting surface formation process (#=135")

ZE BRI UL, AR YEHUR] 0=0"RT, 55— R VT HI G )
) 2 T 40 %8 55 R DI B S i /0N, 0 R S 5
AT DI JRE JE I R 5 — YR ) I T A A
SZMAR /N 5 24 4E B ) =451, 25 — R VI I BB A 2L
RS — I UTH 2ok A8 o A B 21 4R 07 2, DU Y
55 R VTR BE /N T 5 — IR D 45 4 1 45 2 TR B
B FEAS P2 AR AR e O 0 il b, BEA AR R AR —
UOTHI P A )2 A T 58— RS IR T H
I RS B SR AR 0 B SRR SR AR AR R] Bl 5E =k
VIHI B R B 405 5 55 — IR A >, T, 28 — ik )
I %) LT ) T G T B A i el T AR R DT EI A )
1) 3% T A 45 A B AR AR /DN 5 2 2 Ak L) 9=90°
B, 250 R U R EE /N T 55— R UT 5 03 TR BE
5K YTH £ 4E40 00 )2 Re oA AL B, B k)
HI 00 21 4450 03 R BE A B i/ ), R T340 2R 4R AT
I JEE B 1 A A V2], B i AR DI A2 T3 /0, A A4
ﬁ%r‘*&d\ o U 64U 1 2R T BT A R AR

151 s LT AERUE 6=135° 1, 25 IR UTHIE BB /N T
LIEjC:J:gE*(A@JEU?JJJJbKE,%#U\Jﬁﬂﬁuﬂ] EAH
ACHb R e U1 2R 18 T
4 #Hig

2 A BRI B B AR IS, BT UL — Ik
YT 6450 0453 05 %8 565 — R UIT ) A% B0 45 45 A7 A —

) (P

(1) HEF4ERUm) 0=0" 1 , 25— DI A U1 26 i
PR 5 R VTHI A a0 5

(2) MELFYEHLR) 0=45"1F, 55 R VI e 30k
PR ES — U YT B rp = A (R AR e B 5 2, DR Y 5
TR ENEFE /N T — IR UD I 27 45405 2 R I
FEART= A AR Bt O i 6k L, BB A R R RS — I
YIHI A 445 2% 5

(3) ML 4EH ] 0=90° B, 455 — R U HIEFE /)N

— 101 —



T — I H A5G TR LI, 55— R UTH 21 445 4 )2
REBEA AL 2B, H55 — W UTHI ) 25 4 45 40 8 B2 A7 Fie
Il/]N 5

(4) HEFAEm) 0=135° 1, 55 IR UTHI R FE AN IR
INT IR R R T — DI 5 R B, 5 — DI HI Y
REAT S50 22 e T 2 1 i o

Sk

(1] BIPRTT, B4, A58, 55 . JET CFRP ZG MUl HI
i) g AR R 2R B B Sk LT R 0 A (D], A AR A
2016, 33(12):2757-2765.

JIA Z Y, HE C L, FU R, et al. Analysis of drilling tool
geometry based on thrust force during drilling carbon fiber
reinforced plastic laminates [J]. Acta Materiae Compositae
Sinica,2016,33(12) :2757-2765.

(2] Batte, 55808, M El, 55 . BREF 4Ry iR 542 &
PR FLECAR BT T BUR S [T ], Z A+ Rk, 2015, 32
(2):301-316.

CHEN Y, GEE D, FUY C, et al. Review and prospect of
drilling technologies for carbon fiber reinforced polymer [J].
Acta Materiae Compositae Sinica,2015 ,32(2):301-316.

[3] KISHAN Z, DIN B, SONI K, et al. Recent trends in
drilling of carbon fiber reinforced polymers (CFRPs) : A state—
of—the—art review [J].
2021, 69: 47 - 68.

[4] DANIEL I P, NORBERT G, CSONGOR P, et al. A

Journal of Manufacturing Processes,

critical review of the drilling of CFRP composites: Burr
formation, characterisation and challenges [J]. Composites Part
B, 2021, 223: 109155

[5] SUF, LIC]J, LI WY, etal Cutting forces and
correlation with the damages during CFRP drill-milling by using
novel drill-milling tool [J]. The International Journal of
Advanced Manufacturing Technology, 2020, 108: 2661-2674

[6] ILIESCU D, GEHIN D, GUTIERREZ M E, et al.
Modeling and tool wear in drilling of CFRP [J]. International
Journal of Machine Tools and Manufacture, 2010, 50 (2) :
204-213.

[7] WANG C Y, YU G, AN Q L, et al. Occurrence and
formation mechanism of surfacecavity defects during orthogonal
milling of CFRP laminates [J]. Composite Part B: Engineering,
2017, 109: 10-22

[8] JAEWOO S, NILANJAN B, YEONOH K, et al
Experimental and analytical investigation of the drilling forces of
thecarbon fiber reinforced plastics including thermal effects[J].
Journal of Manufacturing Processes, 2020, 58: 1126-1137

(9] X431 , RHE, SRAHK, 55 . CFRP/Ti 5 )2 45 M B AL
ok Y A T RELRE PR T AR AL ] LB TR 24, 2021, 57
(7): 224-233.

LIU Shunuan, SONG Ye, GUO Donglin, et al. Study on the
surface roughness of transitional field in drilling CFRP / Ti stacks

— 102 —

[J]. Journal of Mechanical Engineering, 2021, 57(7): 224-233.

[10] A&, fE5. BT 1715w J7 89 CFRP &AL 43 )2 I
P RATTELT ] HUAR T AR, 2021, 57(3): 255-266.

WANG D, JIAO F.
delamination based on thrust force of chisel edge during CFRP
drilling [J]. Journal of Mechanical Engineering, 2021, 57(3) :
255-266.

(1] BRigAE:, PR, 2 1, & ZR ] B m
CFRP 5 & MR b ey 3 1 [0 ). 52 & #PkE4, 2021,
38(7): 2207-2217.

CHEN Y J, CHEN Y, YAN C R, et al. Prediction of thrust

Study on critical feed rate of

force in CFRP composite drilling considering tool wear effect
[J]. Acta Materiae Compositae Sinica, 2021, 38(7) : 2207-
2217.

[12] XU J, DENG Y, WANG C X, et al. Numerical model
of unidirectional CFRP in machining: Development of an
amended friction model [J]. Composite Structures, 2021, 256:
113075

[13] ALESSANDRO A, SEIN L S, KHAMIS E. Modeling the
orthogonal cutting of UD-CFRP composites : development of a novel
cohesive zone model [J]. Composite Sturctures, 2017, 168:65-83.

[14] MENG Q X, CAIlJ, CHENG H,et al. Investigation of
CFRP cutting mechanism variation and the induced effects on
cutting response and damage distribution [J]. Int. J. Adv.
Manuf. Technol. ,2020,106:2893-2907

[15] A 258, BlRNG | 45 T 200045 6] S e AR 2T
Y3 oA SRR G OR A DI () ). A BRI
2014,31(3):584-590

LU D, LI Z K, RONG Y M, et al. Cutting simulation of
carbon fiber reinforced resin matrix composite material based on
macroscopic anisotropy [J]. Acta Materiae Compositae Sinica,
2014,31(3):584-590.

[16] FFoiRi, X Fue, feng, 55, T =2 HMA Rt
(9 CFRP ATV AL 5T [T ). HULBCT R %41, 2016, (52)
15:170-176

QI Z C, LIU S N, CHENG H, et al. Research on the
mesoscopic cutting mechanism of CFRP based on three—dimensional
multiphase finite element models [J]. Journal of Mechanical
Engineering, 2016, (52)15:170-176.

(17 WU, BT4RC, AR, 5. 5T 400y B
() CFRP 40 Wi 38 [J]. & & b k224l 2016, 33 (4) -
758-767.

Gao HQ, JiaZ Y, Wang F J, et al. Mesoscopic failure of
CFRP based on mesoscopic simulation modeling [J]. Acta Materiae
Compositae Sinca, 2016, 33(4): 758-767.

[18] LIUH, XIEW, SUNY, et al. Investigations on micro—
cutting mechanism and surface quality of carbon fiber-reinforced
plastic composites [J]. The International Journal of Advanced

Manufacturing Technology, 2018, 94(9) : 3655-3664.

FMET L htp://www.yhelgy.com 20244 2543



