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Table 1 Friction coefficients under different extrusion conditions

*1
gy 4 0® W e, ¥ u
E C kN MPa (mme*s ') MPa

497 2 830 11.2 0.4 1. 096 12.3 1. 84
496 2 920 11.6 0.7 1. 197 13.9 1. 69
491 3220 13.6 0.9 1,235 16. 8 1. 54
490 3030 14.0 0.8 1.214 17.0 1.43
490 3220 14.0 0.3 1. 064 14.9 1.73
490 3 280 14.0 0.4 1. 093 15.3 1,72

5A02 488 3 100 14. 8 0.7 1. 196 17.7 1.4
488 3230 14.8 0.9 1.234 18.3 1.42
476 3770 19.6 1.05 1.256 24.6 1.23
463 3420 24.8 0.6 1. 146 28.4 0.97
463 3 680 24.8 0.9 1.222 30.3 0.97
452 3 640 29.2 0.7 1.183 34.5 0.85
449 3 750 30.3 1.1 1. 253 38.0 0.79
446 3 680 31.2 1.05 1. 241 38.7 0.77
444 3750 31.8 1.1 1. 251 39.8 0.75
442 3720 32.4 0.9 1.212 39.3 0.76
442 3 730 32.4 1.05 1,239 40. 1 0.74
437 3 580 33.9 1.15 1. 258 42.6 0. 68
435 3720 34.5 0.9 1.209 41.7 0.71
430 3 680 36.0 1.05 1.233 44. 4 0. 67
432 4190 31.8 0.6 1.133  36.0 0.94
21 4230 32.9 0.6 1131 37.2 0.9
418 4120 33.2 0.5 1.109 368 0.8
413 4230 33.7 0.7 1.158 39.0 0.87

2411 413 4280 33.7 0.7 1.158 39.0 0.88
411 4140  33.9 0.6 1.128 382 0.87
407 4350  34.3 0.8 1181 40.5 0.8
406 4390 34.4 0.8 1181 40.6 0.8
402 4280 34.8 0.8 1.179 41.0 0.84
397 4350  35.6 0.8 1.176 41.9  0.83

t/ F/ o,/ v/ o,/

e KN MPa (mmes ') P g
305 435 36.0 0.8 1.174 42.3  0.83
388 4190 37.4 0.7 1.146 429  0.79
387 4390 37.6 0.8 1.166 43.8 0.8l
385 4250 38.0 0.8 1164 442  0.77

2411 382 4260 38.6 0.9 1.174 453  0.75
376 4160 39.8 0.8 1.155 46.0  0.73
372 4260 40.6 0.9 1.163 47.2  0.72
371 4250 40.8 0.9 1.162 47.4  0.71
368 4420 4.4 1.0 1171 485 0.73
359 4420 432 1.0 1.16 50.1 0.7
435 2980 365 0.4 1.09 39.8 0.77
422 319 37.8 0.5 1.106 4.8 0.79
418 3340 382 0.6 1.136 43.4 0.79
415 3360 385 0.7 1.17 450 0.77
414 3260 38.6 0.4 1.082 4.8 0.80
411 3240 389 0.4 1.08 4.0 0.79
409 338 39.1 0.8 1.189 46.5 0.75
395 3560 4.0 0.5 1.098 45.0 0.8l
393 3650 4.4 0.7 1.155 47.8  0.78

2412 386 3360 428 0.5 1.092 46.7 0.74
386 3610 428 0.7 1.149 49.2  0.76
383 3540 43.4 0.6 1115 48.4  0.75
379 3720 4.2 0.7 1.143  50.5 0.75
378 3650 4.4 0.6 111 49.3  0.76
376 3630 448 0.7 1.14 5.1 0.73
372 3560 456 0.6 1.107 50.5 0.72
371 3700 45.8 0.6 1.105 50.6  0.75
371 3510 45.8 0.7 1.136 520  0.70
370 3680 46.0 0.7 1.135 522  0.72
366 3680 46.8 0.7 1.132 530 0.72
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Fig. 1 Relation between friction coefficient
P and deformation resistance Oy
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Table 2 Comparison of measured values of friction force with calculated ones
. o1 Measured Calculated
Banple No 6 C uif (s ) b o/ MPa # friction force/ kN friction force/ kN Forvoe/ %
1 405 0.6 1. 14 44.13 0.778 2780 2948
2 407 0.6 1. 167 44.94 0.773 2 840 2 982
3 407 0.6 1. 167 44.94 0.773 2 880 2 892 3.5
4 408 0.8 1. 189 45. 68 0. 768 2 880 3012 4.6
5 410 0.7 1. 175 44.91 0.773 2 820 2 980 5.7
6 413 0.7 1. 176 44. 61 0.775 2 880 2 968 3.1
7 417 0.6 1. 144 42.93 0. 785 2 880 2 893 0.5
8 418 0.6 1. 144 42. 83 0. 786 2 760 2 890 4.7
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Table 3 Comparison of measured extrusion force with calculated one

Standard Billet . 1 o
Alloy h . t/ 'C v/ (mmes™ ") C, o0/MPa  0/MPa  p/MN p1/ MN 8/ %  pof MN &/ %

size/ mm size/ mm
2412 4110 4350 % 1000 420 .55 1.1300 37.24  42.08 45.9 51522+ 12.2 43.841 - 4.6
1060 d93 x5 d?270/ 140 x 340 400 8. 10 1.534 0 12. 30 18. 87 23.6 13.284 - 43.7
3A21 d88x% 5 d270/ 106 x 330 430 0. 47 1.085 0 26. 66 28.93 31.1 28. 206 -9.3
6063 d89x% 5 d270/ 106 x 300 420 1.57 1.291 4 21.38 27.61 25.7 23. 804 -17.4
S5A02 d60x 5 d270/ 106 x 300 420 1.07 1.223 6 38.22 46.76 31.1 43.752  +40.7 30.908 - 0.6
2A11 d88x5 d270/ 106 x 300 440 0.79 1.167 9 30. 38 35.48 32.7 32.247 - 1.4 30.973 -5.3
2A12 d83x 5 4270/ 106 x 310 430 0. 43 1.075 0 36. 26 38. 98 33.8 37.887 + 12.1 33.500 - 0.9
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Friction and friction coefficient for aluminium alloy extrusion

DENG Xiao-min, SUN Zhong-jian, LI Sheng-zhi, FANG Muyun, CAO Jie
( College of Metallurgy and Materials, Anhui University of Technology, Maanshan 243002, China)

Abstract: The aspects and behaviors of the friction existing on the interface of the billet and die during the process of aluminium alloy extru-

sion were studied. The results show that because the billet, the mandrel and the aluminium cohering to the bearing between the inner wall of

the container and the die are the same metal, and coherent deformation makes the microstructure on the interface be smooth, then results in

large friction. The friction coefficient is related to deformation resistance and the composition of aluminium alloy. The equation of friction coeffi-

cient with deformation resistance was derived.

Key words: friction coefficient; deformation resistance; extrusion; aluminium alloy

(4R5E I



