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Modeling of Cutting Force for Carbon Fiber Reinforced Plastic With Different
Fiber Orientation Angle
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Abstract  The cutting process of carbon fiber reinforced plastic (CFRP) contains the fracture of fibers and
cracking failure of resin matrix and interfacial phases. Meanwhile, the chip formation mechanism is diverse from
different fiber cutting angle. Thus predicting the cutting force of CFRP effectively has been proven difficult. Combined
with the principle of minimum potential energy and winkler elastic foundation beam theory, the deflection equation of
fiber is obtained by calculating the microelement based on the representative element of CFRP (RVE) in this paper.
The mechanical behavior of three cutting deformation areas with different fiber orientation angle is analyzed ,
respectively. The prediction of critical damage length of the fiber is completed, which formed the analytical model of
the cutting force of CFRP with different fiber orientation angle. The cutting force model is verified by the milling
experiment of CFRP with straight edge milling cutter. When the whole fiber orientation ranges from 0° to 180°, the
theoretical value of the cutting force and the experimental data is consistent with the variation trend of fiber
orientation angle, and the relative error is within 15%. The cutting force increases first and then decreases with the
increase of the fiber orientation angle. Both of them convert variation trend near 90° and 45°, respectively. The

cutting morphology shows that when the fiber orientation angle turns 135°, the milling surface quality of CFRP is poor
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and the critical damage length is tremendous. The established analytical model of cutting force can predict the

orthogonal cutting force of CFRP accurately, which can also provide theoretical guidance for the analysis of

mechanical behavior in the forming of CFRP chips.
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damage length , Cutting force model
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Fig. 3 Equivalent cutting of semi—infinite foundation beam
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Tab.2 Geometric parameters of carbide milling cutter
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Fig.9 Measurement of carbide straight edge end milling
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Tab.3 Parameters of side milling

n/remin’! V/memin™! a,/mm a/mm
5000 0.40 5 1
5000 0.80 5 1
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Fig. 12 The change law of critical damage length with fiber

orientation angle

13 6=0° X R A9 0 T2 1T
Fig. 13 Machining surface when 6=0°

P14 G=45°m xR A T i
Fig. 14 Machining surface when 6=45°

P15 G=90° X oz iy il T2 1hi
Fig. 15 Machining surface when 6=90°

J—un—
16 6=135°XJ i A fin T2 1fi
Fig. 16 Machining surface when 6=135°

M 13 AT, 24 0=0°8F , I T 10 73 , 2 4E Fil
W B 5L T 3% TR TE 30 B, 27 R A7 AF DA I 3 5 ft 3
5 TR AN 3T 0=45°, I 14 T LA
R R TR IS s AR N TR, R AR AR )
5 He 10 W7 2 LB 2244 B 4K 5 1 15 AT LA B Jnd U]
B TR 08 LA B4R B ROCHRCR 2 TR
THI AR B f 5, MR 302, 2 0=90°1 , &t 7] HL X}
CFRP = A 3 K405 5 24 0=135°1F , A& 16 1] & 21 B
2450, UTH 3%k 25 425 ih A -5 Bt 2 i 24K
B, O T RMM A3 I TRl 2z, X
ARV , Bl 27 2 T ) £ R BGn, Bk U0 #) £F 2 W
SN AR IA BE S fa . PR M DT R B —
H 0<90°+y I}, 7 4E 77 1) 1 15 R I DT HI B B3R <
W, BT RS 204 3 i B i R B el B U0 £ 4
573 I8 fuh o5 1T B AR GRS BRI AN R 29 5
A FH 88 585 17 T O X R 52 20 SRAE R R R A el A
P] I i o 245 5 ) #1915 K5 U0 I w2 38, B
A BB ARG N, 0>900+y W 2 2 5 474t Ty
] £ 5 /NI 25 A W AL () A8 JE A BE /DN, AT LA B
RN TR i . LA S5 SRR IR T I A 45
K EEREE 274877 ) 1 A2 A a3
3.3 LWERESXFLLIGIE

RS 56 4 71 8% 1% CFRP BA ] At 5 in
T, RAESIAE 10 kHz B, JREC= AT 101 9~ 9T 1
JTHy R B AR fE i 2 . B 6=0° , i 45 R V=400
mm/min, 284 £ AN E 17 s .

MEH R LA i, 571 DI CRRP o 78 rp A B
21w ) F R TG T, i) ) F AR T X
FVEL ) SE 8% TI 0 AN A il ) g AR AR AT o
) A1y [ YT 145 5 A2 A2 % 3 5y 1 V1 H 77 % 20
E R, 3K 2 Ry 0=0° 15 X 107 (1) £ 4 U1 ] £ M 180°
AR R 1500, FL ) I Wt 224t 28 Iy T B RN 25 4y ey 4

RS E MG 3 BT, 2 (49) 35 ) 45 H 4%
BT YT R BE R 6. 32 pum Fl 12. 64 pwm, 4351 3K HL
SIS S AT O el B ) Bl AR E VD H DX BT I O B K AE

FHAE T2 htip://www.yhelgy.com  20204F %45 6



AP 27, D0 e Ly 60 2 i) B DD 0 22 AR A P 18 I

ELJV R TT )i 15 Sy AT L, AN 1978

120 WA IF,
— &R,
100 F —YT
80 L
< 60t
=
40 |
20 -
of .
1 L 1 1 1 1 1

30.000 30.004 30.008 30.012 30.016 30.020 30.024
t/s

K17 CFRPZE6=0°,V,=400 mm/min B Y1 77 & #1725 4k
Fig. 17 Period change of cutting force when #=0°and V=400

mm/min

FC F(a,=6.23) =/ F(a,=023) —% F(a_=6.23)
240 H-o—F(a,_=12.64) —A—F (a1, =12.64) ——F (a, =12.64)

200

160

F/N

=120

T T T 1T T 1771

80

40

0 kw* ,‘l,___._‘;{——‘—aa—‘-___*

0 20 40 60 80 100 120 140 160 180
6/°)
K18 a,, k6. 32112, 64 pm Bt = [ HI i J % L
Fig. 18 Comparison of three direction cutting forces at a

6.32 pm and 12. 64 pm
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Fig. 19 Comparison of theoretical value and experimental data

of cutting force when a,,,=6. 32 pum
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