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Surface Quality in Two-dimensional Ultrasonic Extrusion Process with
TOPSIS Improved by Gray Relational Analysis
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ABSTRACT: The work aims to obtain optimal process parameters, and study effects of process parameters and their interac-
tions on surface quality of workpieces. 2D ultrasonic extrusion processing test was performed to 7075 aluminum alloy in the
method of orthogonal test. Influence weight of surface roughness and microhardness was determined in entropy weight method.
Optimal evaluation model of surface quality was built by combining grey correlation method and TOPSIS method. Optimal

process parameters for the best surface quality were obtained. The effects of process parameters and their interactions on the
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surface quality were studied based upon range analysis. The surface roughness values decreased substantially and the surface
microhardness increased significantly after 2D ultrasonic extrusion processing. The optimal process parameters could be ob-
tained accurately by the as-built evaluation model. Provided with static force of 300 N, extrusion speed of 30 m/min and
feed-rate of 0.1 mm/r, the optimal surface quality may be obtained with surface roughness Ra of 0.41 pm and microhardness of
nearly 378HV. The effect of interactions among processing parameters on surface roughness, microhardness and surface quality

is far greater than the main effect. The interaction between static force and extrusion speed as well as the interaction between ex-

trusion speed and feed-rate play a major role on surface overall quality.

KEY WORDS: 2D ultrasonic extrusion; surface quality; TOPSIS method; gray relational analysis; entropy weight method
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Fig.1 Schematic diagram of machining principle
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Tab.1 Test program and test results

No. F/N v/(mmin") f/(mmr') Ra/pm HV
1 220 30 0.06 0.58 334
2 220 30 0.10 0.51 345
3 220 30 0.14 0.44 378
4 220 50 0.06 0.45 344
5 220 50 0.10 0.51 383
6 220 50 0.14 0.58 342
7 220 70 0.06 0.58 373
8 220 70 0.10 0.55 364
9 220 70 0.14 0.62 390
10 260 30 0.06 0.6 369
11 260 30 0.10 0.44 355
12 260 30 0.14 0.54 361
13 260 50 0.06 0.55 355
14 260 50 0.10 0.51 387
15 260 50 0.14 0.63 378
16 260 70 0.06 0.48 369
17 260 70 0.10 0.44 349
18 260 70 0.14 0.69 346
19 300 30 0.06 0.71 392
20 300 30 0.10 0.41 378
21 300 30 0.14 0.42 329
22 300 50 0.06 0.45 347
23 300 50 0.10 0.61 366
24 300 50 0.14 0.59 328
25 300 70 0.06 0.64 383
26 300 70 0.10 0.63 373
27 300 70 0.14 0.75 360
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Tab.2 Analysis results of TOPSIS after GRA being introduced

No. Test results D e w +Deviation c Order
Ra HV Ra HV Ra HV Ra HV S si
1 0.58 334 0.500 0.094 0.639 0.494 0.266 0.288 0.331 0.072 0.179 25
2 0.51 345 0.706 0.266 0.751 0.546 0.313 0319 0.284 0.126 0.306 22
3 0.44 378 0912 0.781 0.909 0.802 0.379 0.467 0.122 0.267 0.687 3
4 0.45 344 0.882 0.250 0.883 0.541 0.368 0316 0.272 0.177 0.395 17
5 0.51 383 0.706 0.859 0.751 0.863 0.313 0.503 0.131 0.258 0.663 4
6 0.58 342 0.500 0.219 0.639 0.531 0.266 0.310 0.312 0.079 0.203 24
7 0.58 373 0.500 0.703 0.639 0.749 0.266 0.437 0.210 0.178 0.458 11
8 0.55 364 0.588 0.563 0.682 0.669 0.285 0.390 0.234 0.146 0.385 18
9 0.62 390 0.382 0.969 0.589 0.966 0.246 0.563 0.173 0.294 0.630 5
10 0.6 369 0.441 0.641 0.613 0.711 0.256 0.415 0.233 0.153 0.396 16
11 0.44 355 0912 0.422 0.909 0.605 0.379 0.353 0.234 0.200 0.461 10
12 0.54 361 0.618 0.516 0.698 0.646 0.291 0.377 0.242 0.140 0.368 19
13 0.55 355 0.588 0.422 0.682 0.605 0.285 0.353 0.266 0.119 0.309 21
14 0.51 387 0.706 0.922 0.751 0.919 0.313 0.536 0.114 0.287 0.715
15 0.63 378 0.353 0.781 0.578 0.802 0.241 0.467 0.211 0.199 0.486
16 0.48 369 0.794 0.641 0.811 0.711 0.338 0.415 0.186 0.200 0.519
17 0.44 349 0912 0.328 0.909 0.568 0.379 0.331 0.254 0.192 0.430 12
18 0.69 346 0.176 0.281 0.518 0.552 0.216 0.322 0.330 0.052 0.136 27
19 0.71 392 0.118 1.000 0.501 1.000 0.209 0.583 0.208 0.310 0.598 6
20 0.41 378 1.000 0.781 1.000 0.802 0.417 0.467 0.116 0.294 0.718 1
21 0.42 329 0.971 0.016 0.968 0.473 0.404 0.276 0.307 0.208 0.403 15
22 0.45 347 0.882 0.297 0.883 0.557 0.368 0.325 0.263 0.180 0.406 14
23 0.61 366 0.412 0.594 0.601 0.685 0.250 0.400 0.248 0.137 0.356 20
24 0.59 328 0.471 0.000 0.626 0.469 0.261 0.274 0.347 0.065 0.158 26
25 0.64 383 0.324 0.859 0.567 0.863 0.236 0.503 0.198 0.233 0.541 7
26 0.63 373 0.353 0.703 0.578 0.749 0.241 0.437 0.229 0.169 0.425 13
27 0.75 360 0 0.500 0.469 0.639 0.196 0.373 0.305 0.099 0.244 23
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Tab.3 Range analysis of surface roughness

Factor A B AxB C AxC BxC
ki 0.536 0.517 0.532 0.582 0.560 0.569 0.529 0.590 0.620
ks 0.542 0.542 0.571 0.521 0.512 0.551 0.581 0.541 0.540
ks 0.579 0.598 0.553 0.553 0.584 0.537 0.547 0.526 0.497
R 0.043 0.081 0.061 0.072 0.052 0.123

R4 BREERESN

Tab.4 Range analysis of microhardness

Factor A B AxB C AxC BxC
ky 361.44 360.11 351.33 365.89 362.89 361.44 351.00 358.78 369.67
12 363.22 358.89 363.33 359.11 366.67 355.78 366.56 357.78 361.22
ks 361.78 367.44 371.78 361.44 356.89 369.22 368.89 369.89 355.56
R 1.78 8.56 20.44 9.78 18.22 14.33

x5 WEERESH
Tab.5 Range analysis of close degree

Factor A B AxB C AxC BxC
ky 0.434 0.457 0.353 0.432 0.422 0.391 0.383 0.362 0.435
ko 0.424 0.410 0411 0.452 0.495 0.376 0.432 0.401 0.428
ks 0.428 0.419 0.522 0.402 0.368 0.519 0.471 0.523 0.423
R 0.009 0.047 0.169 0.127 0.143 0.161
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