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Influence of Fiber Angle and Milling Parameters on Milling Force of CFRP

YANG Zhenchao XUE Yang LI Yan XIAO Jiming YUAN Zhenyi

(School of Mechanic and Precision Instrument Engineer, Xi”an University of Technology,Xi’an  710048)

Abstract In order to explore the formation mechanism of surface defects such as delamination and chipping in
milling of CFRP, the milling experiment of CFRP was carried out. Based on the single factor method, the influence of
the fiber angle on the milling forces of CFRP was obtained. Using the central composite response surface method, the
influence of milling speed, feed per tooth and milling width on the milling forces was analyzed, and the prediction
models of the milling forces during the milling of CFRP were established. The experimental results show that the
milling forces decrease with the increase of the fiber angle from 0° to 90°, while the milling force increase with the
increase of the fiber angle from 90° to 180°. f, and «a, have a significant influence on the three—direction milling forces.
v, has a significant influence on the y=direction and z—direction milling forces, while the influence on the x—direction
milling force is not significant; the milling forces increase with the three milling parameters, and the feed per tooth
has the greatest influence on the milling forces.
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Tab.1 Code and level of independent variable factor

i v/m-min”! f/mm-z"! a,/mm
-1.68 41.39 0.02 0.66
-1 62.8 0.05 1
0 94.2 0.1 1.5
1 125.6 0.15 2
1.68 147.01 0.18 2.34
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Fig. 5 Effect of fiber angle on milling force
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Tab.2 Experimental parameters and milling force

measurement results

v, f a, F, F F,
™ pemin?! /mmez!  /mm IN IN IN
1 4139 010  1.50 55 165 35
2 62.80 0.5 200 80 230 80
3 62.80 005  1.00 30 130 20
4 62.80 005 200 40 165 25
5 62.80 015  1.00 60 200 45
6 9420 0.10 150 56 206 60
7 9420 0.0  1.50 54 203 58
8 9420 0.10 150 58 210 61
9 9420 0.0  0.66 42 185 35
10 9420 0.8 150 65 285 100
11 9420 0.0  1.50 57 208 60
12 9420 0.0  1.50 59 214 63
13 9420 002  1.50 20 100 12
14 9420 0.0 234 60 220 70
15 9420 0.0  1.50 55 204 57
16 12560 015  1.00 55 280 60
17 12560 005  2.00 48 270 62
18 12560 015 200 80 375 76
19 12560 005  1.00 38 176 23
20 14701 010  1.50 46 220 64
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Fig.6 Accuracy analysis of cutting forces prediction models
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Tab.3 Variance analysis of regression models

- ) PAE
KW B AmE By F{H
(Prob>F)
i 3696.7 5 7393 335  <0.0001
A-v, 1.3 1 1.3 0.06 08152
B-f, 2775.2 1 27752 1257  <0.0001
F‘I)
’ C-a, 664.6 1 664.6  30.1  <0.0001
BC 78.1 1 78.1 35 0.0809
B2 177.5 1 177.5 8.0 0.0132
iRl 572729 5 11454.6 17.6  <0.0001
A-v, 160719 1 160719 247 0.0002
B-f, 314273 1 314273 482  <0.0001
F‘Z)
C-a 7167.3 1 7167.3 11.0 0.0051
AB 684.5 1 684.5 1.1 0.3228
AC 1922.0 1 1922.0 3.0 0.1079
LAY 8522.2 5 17044  25.1 <0.0001
A-v, 728.9 1 7289  10.7 0.0055
B/, 5699.7 1 5699.7  83.8  <0.0001
FZ3J
C-a, 1733.5 1 1733.5 255 0.0002
A2 251.5 1 251.5 3.7 0.0750
2 139.5 1 139.5 2.1 0.1740

TE: 1) F,, R2=0.9228, JH % 1) R?=0.8953:2) F,, R>=0.8626 , JA % (1)
R?=0.8135;3)F,, R>=0.8995 , 444 1) R>=0.8636.

2.2.3 SEHIAEXHHE] S BT

P 7 Jir 78 S B 7 B B )3 2 r) AR AR £, 7T LA
A, = R B EI A R SR ) R A R T X
e NN BE v A6, VIHI JTOTBRAS B 053 22
e J Btk 2T 24 % 5 10 25 AT 114 B 4 R 2 Sl P i,
HBEH ) BT

P 8 Bk I i 2 i X BEHI T OSE A £k, n] AR
W, = 1 BEE T EREE S B T T T R RS R S
BOUEN F L F R 302 RN ki ) 5
JEEAN f, AE PGS AR f, B3GR 25 T34 1 =4 Y)
Hl JJ Wi DTS R BEH 738K

P 9 2 B I 5L B X B HI g B w2, T LA

81 —



= 1 B HREE a, B34 R0 T (ERE AR A
Ko X2 T UIH] i FREE o, B8 TR, Pl
BEHI 1T

300 £=0.1 mm/z ap=4mm a=1.5mm - F,

—A—
250 I
200-

150+

BEHII N

100+

s0{ o———* =4

0

40 60 80 100 120 140 160
%Eﬁﬂiifgvp/m * min™!
K7 o XL TR0
Fig.7 Effect of milling speed on milling force
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