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Experimental and Theorital Investigation on Residual Stress

in Machining of C/C Composites

Wang Xinyong Fang Sheng Chen Xuhui
(Science and Technology on Advanced Functional Composites Laboratory, Aerospace Research Institute of

Materials & Processing Technology, Beijing  100076)

Abstract The residual stress caused by machining directly related to machining deformation and machining
damage. Being limited to measuring technique of machining residual stress and characteristics of composite, there are
seldom paper about machining residual stress on composites. In this paper, hole-drilling method that is suitable for
measuring the machining residual stress of composites has been adopted. C/C composites are machined by means of
milling-grinding. The cutting tool is grinding head that is electroplating emery on, by means of quadratic general rota-
ry unitized design. Four factors including cutting speed, cutting width, cutting depth and feed are selected for this ex-
periment. The regression mathematical model based on quadratic polynomial is obtained through the analysis of experi-
mental results. The variation of machining residual stress along with the change of processing parameters is analyzed.
The extreme value is obtained by searching optimization. It shows that machining residual stress is all compressive
stress. Along with the increase of the cutting speed, residual stress tends to an asymptotic values that is —16MPa in
this experiment. Along with the increase of the cutting width, cutting depth and feed, residual stress first increased
and then decreased. The demarcation of parameters are cutting width:; a, =6 mm; cutting depth: a,=0.5 mm; feed:
/=200 mm/min.
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Tab.1 Parameter setting in hole-drilling method
PR E THA L LI &N R R R N ASFE e £ L R fLapAR AR R
/GPa v A B /(%) /mm /mm R
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Tab.2 Zero horizontal and change block of various factors

TIHER  UIlseE  DIMlRE e
/mm - min”~! /mm /mm  /mm-min”!
FIKF- 800 6 0.5 200
AL IX [ 300 2.5 0.2 80
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Tab.3 Encoding matrix and experimental results

. BRI 5 DIl WIEIRE e AR
e DR DIMISERE UDMBE it /rmin! /mm /mm /mm - min”! /MPa

1 1 1 1 1 1094 8.39 0. 695 278.3 —64. 4106
2 1 1 1 -1 1091 8.47 0. 698 118.8 -64. 5573
3 1 1 -1 1 1078 8.31 0.292 272.48 -55. 6555
4 1 1 -1 -1 1066 8.25 0.292 116.9 -56.5519
5 1 -1 1 1 1100 3.50 0. 700 280.0 -59. 499
6 1 -1 1 -1 1137 3.61 0.723 123.4 —-58. 2879
7 1 -1 -1 1 1091 3.45 0. 295 278.0 —-52.2394
8 1 -1 -1 -1 1105 3.49 0.302 120. 4 -49. 1962
9 -1 1 1 1 494 8.42 0.693 276. 64 -87.6168
10 -1 1 1 -1 505 8.53 0.703 121.0 —-88. 2569
11 -1 1 -1 1 490 8.27 0. 295 274.9 =79.7056
12 -1 1 -1 -1 495 8.35 0. 296 118.4 -80. 0928
13 -1 -1 1 1 497 3.48 0. 697 278.0 —-82. 0884
14 -1 -1 1 -1 498 3.47 0.693 118.5 -80. 3786
15 -1 -1 -1 1 490 3.43 0.294 274.7 =75.2327
16 -1 -1 -1 -1 485 3.40 0.292 116. 4 =77.167
17 -1.98 0 0 0 200 5.99 0.498 198.3 —-65.5291
19 2.04 0 0 0 1447 6.16 0.517 205.1 =20. 7424
19 0 -1.98 0 0 794 0.99 0.497 196.9 -69. 8135
20 0 2.01 0 0 805 11. 00 0. 499 200. 8 -84.5299
21 0 0 -1.96 0 793 5.94 0.099 197. 1 -69. 886
22 0 0 2.01 0 807 6. 04 0.903 201.0 —-85.2331
22 0 0 0 -1.96 785 5.89 0. 487 39.1 -82.212
24 0 0 0 1.96 791 5.94 0. 495 356.9 -84. 0034
25 0 0 0 0 797 5.98 0.498 199.2 —24.2344
26 0 0 0 0 790 5.94 0. 498 198.9 —24. 4355
26 0 0 0 0 781 5.84 0. 490 196. 2 -24.58
27 0 0 0 0 775 5.79 0. 486 194.8 —24.7492
29 0 0 0 0 800 5.98 0.499 199.5 -24. 1597
31 0 0 0 0 825 6.20 0.516 206. 8 —-24.225
31 0 0 0 0 788 5.95 0. 495 198.5 -24.5221
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Tab. 4 Variance analysis on mathematical model
75 SR R F ¥k (kiiPS WAl F p1E
n 3214. 1865 1 3223.8913 0. 9867 2637.2101 0. 0001
a, 218. 0295 1 219. 9894 -0. 9687 179. 9292 0. 0001
a, 333. 6684 1 332.7703 -0.9530 272. 6477 0. 0001
f 1.2632 1 1.2721 -0.2451 1.0380 0.3195
n? 582. 7000 1 587. 6685 -0.9733 478. 6605 0. 0001
a,’? 4794.7272 1 4770. 8624 -0. 9820 3911. 6001 0. 0001
a,’ 4805. 9760 1 4813. 5629 -0. 9640 3931.6118 0. 0001
Ve 5991. 3123 1 6005. 0055 -0. 9920 4892.7279 0. 0001
na, 0. 0829 1 0. 0825 -0. 0649 0. 0675 0. 8006
na, 3.0083 1 3.0104 -0. 3620 2.4623 0. 1337
nf 1.2114 1 1.2175 -0.2392 0. 9857 0.3193
a,a, 2.5902 1 2.5914 -0. 3433 2. 1075 0. 1674
af 2.3025 1 2.2968 0.3219 1.8815 0. 1845
ayf 0. 3377 1 0. 3366 -0. 1309 0. 2756 0. 6151
myE| 16760. 6149 14 1198.1178 F,=989. 40659 0. 0001
ZUP'S 19.4117 16 1.2150
ES) 19. 1900 10 1.9147 F, =40. 64788 0. 0001
R 0.2793 6 0. 0464
sl 16437. 0255 29
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Fig.2 Comparative analysis between measured value and fitted value
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Fig. 3 Residual analysis of regression fitting
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Fig. 4 Relationship between residual stress and processing parameters
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Fig. 6 Respond surface and isolines of residual stress ( cutting speed—cutting depth)
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Fig. 8 Respond surface and isolines of residual stress ( cutting width—cutting depth)
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