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Research on Optimization Method of Tool Cut-in Angle of Milling Multidirectional
CFRP Based on Three-Dimensional Roughness

LIU Congle, REN Junxue, ZHANG Yali, SHI Kaining
(Key Laboratory of High Performance Manufacturing for Aero Engine, Ministry of Industry and Information Technology,
Northwestern Polytechnical University, Xi’an 710072, China)

[ABSTRACT] CFRP (carbon fiber reinforced plastic) is widely used in aerospace field because of its excellent
mechanical properties. Under the premise of ensuring the stiffness and strength of the aircraft, the application of CFRP
can effectively improve the flight performance and reduce the weight of the aircraft, so as to achieve the purpose of energy
saving and emission reduction, and improve the economic benefits of the aviation industry. CFRP is a typical difficult-
to-machining material, and in order to ensure that the structure has load-bearing capacity in different directions, CFRP
multidirectional lamination is generally used in the aero-engine industry, which makes the anisotropy and inhomogeneity of
the material more complex. In this paper, the milling fracture mechanism of CFRP unidirectional laminates and two kinds
of CFRP multidirectional laminates is analyzed, and it is found that different fiber direction angles have great influence on
the fracture mechanism during CFRP milling, resulting in different surface quality. Among them, bending fracture will lead
to a sharp decline in surface quality, which should be avoided as far as possible, and the surface quality of bending fracture
at different angles is also different. Based on this, an optimization method of tool cut-in angle in multidirectional CFRP
milling is proposed, and the rationality of this method is verified by experiments. This method can effectively improve the
machining quality of the first-stage composite fan blade of a certain engine.
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Fig.3 Schematic diagram of CFRP fracture mechanism under several typical angles
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Table 1 Milling experimental parameters of CFRP multidirectional
laminates [0°/90°/45°/135°]
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Table 2 Milling experimental parameters of CFRP multidirectional
laminates [0°/45°/0°/135°]

B BRI 90°<0<180° B}, HARH T i 225 T 0°<0<90°
) 4 T o i, TR 2 0=135° F1 0=150° s}, 2 1 JoT
e 2 2 T 90°<0<180° AN T.351H .

g8 TR, MU A A B e S B, CFRP 1 Wi 24T 2
SRR X BERE A AR E KA 2559 . R,
1E CFRP BEHI AN T, BEEF X VA AT AL LA
FMH T
2.2 %8 CFRP $tBImM T 71BN A ERAL RN

TIHIA A B AR LX) 2 ] CFRP 28Il i T A7 7F
P20

(1) JJEUIA AR CFRP £ )2 G ET
Y7 M FRERE [0, 6, 0] F= A= AR, X 2 T BT
S48 ) AR B R MR IN T, AN TR =X
TR R .

(2) M40 T2 1 B £F 4 7 1) 3 — St , AS ] 1 Bk
15 =X OIBE Bl B8 ) XN T3 & A /INie 3 s, (L 22
AR

25 b WA MER AR S5 #8217 CFRP 452474
Wi B FE AR | DL 2 2 D01 £ 705 A oA, e 0t
N5y AR R, X6 T o M i R ) S AT 4 R Y
Bk AE

SEATTCHIESTES, B R CERP SRl In T/ JJ HATA
A RO T LAF 0]

C1 ) 7 s i T 3 T A 28 4 7 ) o 8 B 1 4 o
FAE [0°,90°] Z ], kG T 3R i £F e W 2 e 2k
LT . M EL 2 R o3 B B )WY A i T 2L ) e
Jo 2 AR R W

(2) A TC I AH 27 2 J7 1) 7 FE G v () BT A JC 2R ARAE
[0°,90°] Z P, BT, 25 it Dy 224 T 1k sk # , £F 4 5 [l £ 0,
IR PR 90°~120° K2 165°~180° % P~ X JA] , BN
JEPE 135°~150° [X[H]

(3) e 2o )2 8] 53 25 A 5y U)W 24 mt, 3R

=LK/

ELES

D

&3 Hfm CFRP $EHIIXIE = 4EtHkERE

Table 3 Three-dimensional roughness of unidirectional CFRP milling experiment
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Fig.5 Surface topography under different fiber orientation angles
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Table 4 Three-dimensional roughness of [0°/90°/45°/135°] CFRP multidirectional laminates milling experiment

ETR=2 S, /um S Siu
4-1 3.377 —-1.109 6.574
4-2 4.817 -0.904 9.857
7, 4.097 —-1.007 8.216
4-3 2.483 —-1.135 6.830
4-4 2.977 —1.388 10.853
s 2.730 ~1.261 8.841
4-5 2.543 —-1.149 7.627
4-6 3.933 —-1.394 10.538
15 3.238 -1.272 9.082
4-7 2.327 —-1.161 7.847
4-8 3.277 -1.312 8.912
s 2.802 ~1.237 8.380
4-9 2.533 -0.999 6.366
4-10 3.563 -1.329 7.053
s 3.048 ~1.164 6.709

S,/um
71.840
78.517
75.178
69.797
74.283
72.040
71.400
89.440
80.420
69.120
92.520
80.820
72317
87.907

80.112

S S,/um S, /um S,/pm
0.022130 21.145 23.986 42.525
0.024187 29.287 36.389 65.612
0.023158 29.287 36.389 65.612
0.021500 13.393 21.019 31.076
0.022880 21.011 29.660 50.671
0.022190 21.011 29.660 50.671
0.021993 15.522 21.043 36.564
0.027550 26.178 36.258 62.436
0.024772 26.178 36.258 62.436
0.021190 13.105 19.213 31.969
0.028497 16.710 31.129 46.475
0.024843 16.710 31.129 46.475
0.022477 13.803 15.847 29.650
0.027077 17.685 23918 39.472
0.024777 17.685 23918 39.472
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[0°/45°/0°/135°] #J CFRP % 6 E & EHIR G = FEREE

Table 5 Three-dimensional roughness of [0°/45°/0°/135°] CFRP multidirectional laminates milling experiment

G S, /um S Si
5-1 1.490 -1.776 14.225
5-2 2.497 -2.131 13.206

1 1.993 ~1.954 13.716
5-3 1.767 —1.000 7.126
5-4 1.223 —0.539 4.296

;12 1.495 ~0.769 5.711
5-5 2.370 —1.143 8.198
5-6 1.497 -1.307 9.579

13 1.933 —1.225 8.889
5-7 2.290 —1.333 9.293
5-8 1.930 -1.316 8.286

e 2.110 ~1324 8.790
5-9 2.930 —0.981 5.875

5-10 3.000 —1.118 6.063

11s 2.965 ~1.050 5.969

5-11 2.437 -1.014 5.983

5-12 2.763 —1.097 6.366

e 2.600 ~1.056 6.175
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S, /pm
73.320
70.463
71.892
79.153
65.880
72.517
71.517
66.407
68.962
67.637
73.107
70.372
70.433
70.440
70.437
68.013
70.033

69.023

Sie S, /um S, /um S,/um
0.022583 8.918 18.375 27.293
0.021707 12.060 27.008 39.068
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