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Cutting Force Modeling in Milling of CFRP

WAN Min, LIShaoen, YUAN Heng, DU Yuxuan
(School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an, 710072, China)

Abstract: Carbon fiber reinforced polymer / plastic (CFRP) has the properties of anisotropy and
inhomogeneity, which can easily lead to processing defects during milling of CFRP. Modeling of milling force
is helpful to explore the changing law, optimize processing parameters, and then reduce the appearance of
defects. Based on the nonlinear multiple regression method, the paper establishes the functional relationship
between the milling force coefficient and the four influencing factors, 1. e. the fiber cutting angle, the
instantaneous uncut chip thickness, the spindle speed and the axial depth of cut. Results of unidirectional and
multidirectional CFRP milling experiments show that the established model can accurately predict the
variations of milling forces.
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Tab.1 Key parameters of NC machining center

Kk EMY mKFEM SR ERhEEE/ FE K
R/ kW 4/ (Nem) (remin ") J& /mm
7.5 47.7 10 000 0.01
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Fig.1 PCD double-tooth straight groove milling cutter
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(b) Measuring equipment
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Fig.3 Schematic view of milling force measurement process
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Fig.5 Schematic view of milling force
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Tab.2 Experimental parameters of milling

BN FEA4lFE s/ (remin ) W ®a,/mm G EE S/ (mme ) U Tr i 2/ ()
1 4000 0.02/0.03/0.04 0/45/90/135
2 2.000/4 000/6 000/8 000 0.02 0/45/90/135
3 4 000 1/2/3 0.02 0/45/90/135
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Tab.3 Verification experiments of unidirectional CFRP milling force model

LTS T s/ (remin ) Al ) Y1 @,/ mm PELG Y [/ (mm- ) AT A A/ ()
1 4 500 2.0 0.025 0
2 5000 2.5 0.025 120
%4 HECFRPHEHIZR 6000'7%,}3{3 ——g=0° ---§=90°
Tab.4 Milling experiments of multidirectional CFRP _ 50000 T - - 9_=i5o —- 6=135°
g B MR S 4000 o emm e e A
S5 ZH = .
. s/(remin™") a,/mm  f/(mm-$§ ") se0OF
1 4000 2.5 0.025 g200r .
2 5000 3.0 0.025 1000F """ "= - - o _ . ______
0 . . . )
1.4.2 Birsi 1.0 1.5 2.0 25 3.0
o ) P a,/ mm
R /A >, A\ Y ML ~
O Bl e )R R 5 R R LT T 221 CFRP (a) Effect of g, on radial force coefficient
B ) 0 S, 16 5 20000
W R 1600k - - 6=45° —- §=135°
*5 %6 CFRPHEH| AR BIGIELI o Tt .
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= il s mbIE SRR EUE N
SR 5 o T
s/(remin ") a,/mm  f/(mm-% ")
4 000 2.0 0.02 1.0 1.5 2.0 2.5 3.0
2 5 000 3.5 0.03 a,/ mm
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(b) Effect of a, on tangential force coefficient
16 b1 TR S 1) ) 22 B0 i)
Fig.6 Effect of axial cutting depth on milling force coeffi-
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Tab. 6 Identification results of tangential force predic-
tion model
n e a,, by, Con d,.
0 0.0050 0.0005 142014 640.8696  5.0109 5.0215
0 0 40 60 80 100 130 140 160 180 1 —0.0070 —1487181.0149 —0.2016 0.3919
é/(°) 2 —3.4566  —71954.7816
(b) Radial force F, 3 268.9459 2407.7240
K8 Ll FoAE 4 —7212.1663 —19.1095
Fig.8 Milling forces F', and F, 5 65906.048 4 0.0456
6 0.0100
x7T FENTNRBIRESER
Tab.7 Identification results of radial force prediction model
e, Ay, b, . Cor d,.
0.002 2 5.204 9 306 175 537.142 0 0.218 1 0.218 1
65.027 4 —3637929.134 4 —0.390 7 —0.0557
—22638.272 9 —159709.6117

863 348.699 7
—8 017 159.559 9
—41990441.829 9

Ul W N = O R

3938.9720

—26.147 6
0.054 6
0.100 0
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Tab. 8 Number of unidirectional CFRP layers involved

in cutting

Mm% e,/mm  2=0 A=45 A=90" A=135
2.5 5.7 6 2 3
3 8 7 2 3

MR Ge TH I8 B, K 2% 2F 4 Ty 1) 0% il ) DI
RARK(5,6) , 7155 H 2% 27 2 7 1] (19 # ) CFRP ()
B BEH) T Fy e B TH 5 B9 25 A RS B B
sz g (AL A SU(8) SR & AN B S Y8 IE R 8
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