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Experimental study on surface milling performance of CFRP

Gong Youhong. Han Shu. Yan Dongxiu, Liu Weiping
(Shanghai Aircraft Manufacturing Co. . Ltd. . Shanghai 200436. China)

Abstract: As the shape precision of composite structure is difficult to control by normal manufacture,
the aircraft manufacturer used in surface composite structure design of overlay thickness of composite
material as a sacrificial layer for subsequent surface milling. to control the shape of composite parts with
better accuracy, and meet the requirements ot high precision aircraft assembly. In this paper. a common
sacrificial layer composite carbon fiber unidirectional tape composite structure was choosed as the research
object. and the orthogonal method was used to carry out surface milling test. From the surface roughness.
cutting force and other aspects. the effects of cutting speed, feed per tooth and axial depth of cut and
other processing parameters on the surface milling performance of CFRP were discussed, and the best
combination of processing parameters was obtained. On this basis. the tool durability test was carried out,
the wear rule of the tool was analyzed, and the maximum tool life was obtained.

Keywords: CFRP; surface milling; cutting quality; cutting force; tool wearing
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Tab. 1 Parameters and levels of orthogonal array

H#E A H# B % C
K VIV / U £/ 1 IR, /
(m/min) (mm/z) mm
1 300 0.015 0.1
2 100 0. 030 0.2
3 500 0. 045 0.3

2.2 FRWKRER

ASCE =R =K FRIER L, (3D 37 Rk BT LUZ AR S R W BeRlin Tizm )
B a, f85E 0 8 mm. K B 77 20E 5 71 B2 LI 40 mm BRI E/E 0 Tam, {5
LA R Kistler 9272 3 g 4300 86 Bl 7 04T D0 4 A0S0 % 86 I 98 0 « R ] Hitachi
S3400 4 LN 71 B S B0 E i T8 400 1 et BEF TR L R Mahr M1 RIS
FEE A SR I 0 52 S AR 1 ORLEE B Ra . 1ESC I BHE R 45 R L3k 2.
F2 EXREBERER

Tab,2 Data and result of orthogonal array

B C ST y .
T b GEEAR MO Lecl L G v

V/(m/min) /f./(mm/z) @, /mm F, iy Ra/pm
1 500 0. 045 0.3 14. 66 —15. 76 29. 86 1. 183
2 400 0.045 0.2 7.06 —9.47 19 1,123
3 300 0. 045 0.1 4,21 —2. 93 9. 96 1. 052
4 500 0. 030 0,1 3.79 —2.04 7.64 1,022
S 400 0.030 0.3 14, 25 =T0. ¥3 22.8 1.072
6 300 0. 030 0.2 5.18 —9.42 16. 91 1. 037
7 500 0. 015 0.2 5. 14 —4. 14 11. 23 0. 867
8 400 0.015 0.1 3.37 —1.94 6.55 0. 831
g 300 0. 015 0.3 10. 64 —10, 09 19. 51 1, 137

2.3 JEMBERK

FH— 3 I B % T A3 8(V=500 m/min, f.=0.045 mm/z, a,=0.3 mm) X} fiK
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Tab.3 Experimental data of tool’s incorruptibility

b Ae ] LI I F/N I HURE
t/min L/mm F, F, F. Ra/pm
0 0 14. 66 —15. 74 29. 86 1. 183
20 85. 6 16, 34 —18,. 77 36. 41 1.189
30 128.9 16. 89 —20. 46 38.78 1. 276
40 171. 8 18. 43 —20. 40 39. 26 1. 460
50 214. 8 20,77 —21. 33 42. 33 1. 526
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Fig.2 White spot of the machined surface Fig. 3 Electron microscopic figuration of machined surface
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Tab. 4 Range analysis table of Ra

- A B C
e ,
iH 1 i V T A Rt RETLI a,
T 3. 226 2. 835 2,905
T 3. 026 3.131 3,027
T 3. 072 3. 358 3. 392
R 0. 200 0.523 0. 487
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Fig. 5 Trends of parameters and levels of Ra; (a) trend of cutting speed and Ra;
(b) trend of feed per tooth and Ra; (¢) trend of axial depth of cut and Ra
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Tab.5 Variance analysis table of Ra

T 2EA R Rl F1 75 % F{H : ' _ &
95% 99%

DI g v 0.007 3 2 0.003 7 0.634 6 6.944 3 18 N

BNILGE /. 0.0459 2 0.022 9 3.978 1 6.944 3 18 AR E

I VI a, 0.042 8 2 0.0214  3.7140  6.9443 18 PNTE
Gyl 0,015 7 2 0.007 9 1.365 4  6.944 3 18 -
WA 0.023 1 4 0. 005 8 — — — —
pEvsIl 0.1117 8 - — - - o
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Tab, 6 Variance analysis table of F,

F,
b 3 A i BE o P < F1{i , wEE
95% 99 %
LI ke g V 3.942 7 2 1.971 3 4.692 1 19 99 A
S . 7,764 2 2 3.882 1 9,239 9 19 99 A
il ) IR a, 146, 860 2 2 73.4301 174,773 4 19 99 R
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Fig, 6 Trends of parameters and levels of F,: (a) trend of cutting speed and F, ;
(b) trend of feed per tooth and F,; (c) trend of axial depth of cut and F,
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Tab, 7 Variance analysis table of F|

F,
g =5 3] SR i ¥y % F{H e v i
95% 99 %
B V 0. 042 2 0.021 0 0. 003 3 5.1433  10.924 8 AR E
BiEAR £, 23.960 3 2 11,9801  1.8615 51433 10.9248 AR#¥
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Fig. 7 Trends of parameters and levels of F,: (a) trend of cutting speed and F, ;

(b) trend of feed per tooth and F,; (c¢) trend of axial depth of cut and F,
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Tab.8 Variance analysis table of F,
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H2ERIR S F1 b B Yy % F{H it EHE
95% 99%
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Fig. 8 Trends of parameters and levels of F,: (a) trend of cutting speed and F, ;
(b) trend of feed per tooth and F.; (c) trend of axial depth of cut and F.
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