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Study on Cutting Force Model in Helical Milling of Multi-
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Abstract: In order to accurately predict cutting forces during helical milling of multi-directional
layup carbon fiber reinforced polymer(CFRP) composites, the characteristics of multi-directional
CFRP material and the principle of helical milling were analyzed, and the interlayer effects
among different fibers of helical milling were considered, the influence of fiber orientation angle
on cutting forces was explored. Based on the force conditions in different cutting regions, the
microelement cutting force was calculated using the superposition principle, and the cutting force
model in helical milling of multi-directional layup composite material was established. Helical
milling experiments on multi-directional CFRP were carried out, and the measured cutting force
after filtering by the experiment was analyzed. According to the experimental data, the interlayer
effect coefficients were calibrated, and experimentally measured cutting forces were compared
with the predicted one by the model. The results show that the maximum error of X and Y
directional forces is less than 20% and the maximum error of Z directional force is less than 10%,
which verifies the correctness of the model.

Key words: multi-directional layup; carbon fiber composites; helical milling; cutting force;
interlayer effect
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Fig. 1 Helical milling process

B e, AR AL 50, [ AFEHE e
AR O A AU TT AT AL sy AR T A F i
.

nn,.t

}uzﬂo+ T,

v/ (1)
V=t 30

A TT R AR LB A ¢, B TTH A RS
R CEOA- RS NI S R = T N kA
A58 2 J7 160 B9 2, T 2 AR kL Z 18] 49 A0 HLAR
FHBEA 7] B A VT H 3 # vb i i i i ok 722 . )
JI VLA 5] £5 4 1) H1 A U0 H 46 2= 5, 2 7 L AT A1
BBl A, A YEVTEI A 6 W& 2 B, il LR
]

n t
N~ <~
/ brev \
e
CHAT %
o 4 X
0:% d o=0° o=0° 0=0°
@=135° ©=90° ©=45° ©=0°
6=135° 6=90° 6=45° 6=0°

B2 0447 AR ST 4 IHI

Fig.2 Fiber cutting angle at 0° fiber orientation

¢—o, ¢>0;
0= 2
180+ (¢p-0), ¢<o. @



114 RAKFFHR(AEAHFIR)

% 46 %

o 2R 47 10) 1 o 4T 4 5 1) 5 Xl I Dy 1) 1)
Je 5 52 I EATHI 7 101 5 XE Ty 10 (19 £ A
T ELEETEFA B T AN TR i B A B0 g1 5
T 2 4 22 6] A AR R Bt AN ) A ] e B2 1R R X6
MO0,

6,=cos ' (cos 6, cos(B +m/2)). 3
Horbr, 04 252 5 YT I 2k T AS 5] & B2 B
T 2T 44 75 1a] 5 Y 5 Inl Z 6] 1) e £

0! =0—Isin(w/2 - f)tan IR, 4)
Ao AN E TI VTR B2 s R, O T BB AR

2 Z[h CFRPYIH| 1A

2.1 #EMFHE

Z [0 fifi )2 CFRP 2 G M a1 3 fr 7, )2 ] ir
i B 4 T A2 241 A 5 SR AU 45 B 0 B S
2L YRR )Z 5 1) B SE R R /) 5 102 1) 5 U5 B A7
ST YL 2 e A S e BE R 2 2 AR S KO 98N
M 2 I A 0BT, 2 ] 5T YT 58 B R oK 44 2
SR 900, 2 (B B DI 5 3 d5e /N

pris s L)

m%o
ﬁﬁg 90°
m iy
2/ 0°

/

Ve

E3 HmiEECFRP
Fig. 3 Multi-directional layup CFRP

HLa] CFRP J2 & M 1 A1 R £F 4 5 1) i )2 41
B B2 AR 00, R L2 R BT U5 i K F £
] CFRP )2 A M, 117 2 B4 J2 ] 4 i 5 J35 3 AR A
6], BT LA Z2 [ CFRP Y )2 (] 25 4 5 B IK T 20 1)
CFRPJZ G M . 7 EL UV E ik A8 50 g J2: 4 kL &
AR R B ARz 20 A VD H 7Rt T R Rk
(A E AR B . DRIk, J2 () 245 45 5 B K, 58 i DT )
PR T BT K
2.2 WEHESEFLE B

WG [8 2 (A1 45 7 50 B2 X 2 7] CFRP 24
M (5 ), SR T BEFL YD ) ol 3155 AN [ Al JZ D
Hll 71 2 F 5 J2 ) 245 45 5 1 o SR TE Bk FL YD HI 7 1 52
M) W] LA )22 (RN A R

Z [ 4l )22 CFRP 1) 0°5 45°4F 2 J2 /9 Jin Tk
A5 A E CFRP 2 AR —3;90°5 135°47 4812
55 gl )2 A E i T R o A B A% N
TR KA AR AR AN [) # B £F 4 )2 P2 4t T R A7

SCHE (LT 2 AR R R, i 4 B
PR T 7 REAS B4 i 4 1 T 42 fk e i, Jon T
FErF AT 15N

0°/45°—_90°/135°

4 ZEEATHIERES
Fig. 4 Cutting state with support

PR E R AR rp, JT A e i [R] e EAT 0E
WEHEL X T 2 Al )2 CFRP K36, th T A R4 2
212 J5 ) B 520, 7E B — RS B0 TR HRAS A
[F] . 2 [a] CFRP J& H A [7] £ 4% J5 [a] /4 5[] CFRP
M 2 10 8, DRI A ) EL Tl 1) 4 25 D) 1 BN T
LFYE 2 A R, UTHDIR S & AR, R 80)
W 3 A s L S IR, 5 [A]IR 2 EE E BE
FLZ (B RL R X6 = 1] U1 A3 By 5%

E5 %@ CFRPEiEskTL
Fig. 5 Helical milling of multi-directional CFRP

R T ST R AR 0 DD AR R (R RN
XTI 7 04 52 e 2 (BR800, FR AR
f0/45 :ﬁ))457
Soo=1oo foo, (%)
Siss=lus fiss.
2y, 15 53 3R 90055 135°4F 4 J2 1 J2 (A1 300
FH foas oSoorf 135 P22 BBV FENR I UTE T 3 £,
JoorSiss FARTE L&) 0N B DI HI 7
2.3 ARRXEBZHHH
TEVINERE D Bt V1 iel , 1S5 4745 1)
Z A A EEANETE AL, 2 B 2 FOR R DT HIPIRS -
1) 50<6,<a+n/2 0, PIHI 7195 1 S ik
WRET 4t , VI T A% 1) AR 2T 45 | i AR I, Hod oy



% 9 I HHE . 145 B CFRP A AM HH 32k 4L 3L 0 ) /) B A B 7 115
JIEFiff . Ry Ay 71 32 S35 B0 W DT X R 4 A 2 4

2) Ba+n/2<6,<nif, YIHI )8 HT ] H 5
BEf TR AT 4, 27 4 &k A2 75 i AR

ST DX I - VI DR (] 551X 7 s 246 A2 il 72
SRR TR AZ IS BN IE 6 i

YIHI X388 77 404 [ 38 DX 388, 447 YIHI X387 434 [] 38 X 388, 7 S0
F,, /s F.,

'(P. Y @, —o n

¥ %
Ry F,
HIHI
4 [E] 3
TH
e SiA AT

E6 EHMEMTHTMNZIRR
Fig. 6 Force condition on side edge under compression and bending deformation
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Fig. 8 Cutting forces in helical milling of multi-directional CFRP
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Fig.9 Comparison of cutting forces between theoretical and experimental values under different cutting

parameters
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Table 3 Error analysis of three-directional cutting
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