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Optimization on ultrasonic vibration extrusion process parameters based on
NSDBO algorithm

Jia Haili, Sun Rui
(School of Mechanical Engineering, Tianjin University of Technology and Education, Tianjin 300222, China)

Abstract: In order to obtain the optimal combination of surface hardness and residual stress, the orthogonal experiment of 304 stainless
steel workpiece was carried out by ultrasonic vibration extrusion process to obtain the processing data, and the prediction models of surface
hardness and residual stress were established respectively by PSO-SVR algorithm and linear regression method. Then, the multi-objective
optimization design on the processing parameters of spindle speed, feeding speed, ultrasonic power and static extrusion amount was con-
ducted by NSDBO algorithm. Finally, the validity of the process parameters combination obtained from the solution was experimentally veri-
fied. The results show that the optimal balance between surface hardness and residual stress is obtained as the residual stress range of
—373. 175--487. 436 MPa and the hardness range of 10. 837-15. 689 HRS when the spindle speed is 115-347 r + min™', the feeding
speed is 0.056-0. 130 mm -+ r", the static extrusion amount is 49. 8-71.7 pm and the ultrasonic power is 20. 155-32.206 W. These
methods can not only obtain the optimal combination of processing parameters, improve the surface properties and life, but also shorten the
experimental period, reduce the cost, improve the machining efficiency, and also provide the theoretical basis and experimental support
for the application of ultrasonic vibration extrusion processing technology in aerospace and other industrial fields.

Key words: ultrasonic vibration extrusion processing; surface hardness; residual stress; NSDBO algorithm; predictive models; multi-
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Fig. 1  Principle diagram of ultrasonic vibration extrusion processing
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Table 1 Physical and mechanical properties of
304 stainless steel
R/ Vo JERSER PR sRpERE ALBHAR/
(g-em™) JE/MPa [E/MPa /% #/GPa (x107°Q - m)

W
p

BAE  7.93 520 205 40 200 0.73
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Fig. 2 Site map of ultrasonic vibration extrusion processing
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Fig. 3 304 stainless steel bars after processing
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Table 2 Experiment date of ultrasonic vibration

extrusion processing

o EEEEE h EAEIZ VY BRE WA B REERA
S (remin) (mm-r!') & d/pm FP/W E/HRS S/ MPa
1150 0.01 20 10 8.0 -576.17
2 150 0.03 40 20 7.3 -465. 58
3150 0. 06 60 30 8.8 -465.77
4 150 0.09 80 40 9.2 -495.90
5 150 0.12 100 50 7.8 -254.10
6 200 0.01 40 30 9.8 -511.18
7 200 0.03 60 40 12.2 -598.35
8 200 0. 06 80 50 10.4  -179.61
9 200 0.09 100 10 14.4  -367.42
10 200 0.12 20 20 7.9 -262. 60
11250 0.01 60 50 10.3  -457.96
12 250 0.03 80 10 13.6  -392.29
13250 0. 06 100 20 16.1  -438.75
14 250 0.09 20 30 9.4 -267.96
15 250 0.12 40 40 14.3  -475.32
16 300 0.01 80 20 126  -518.24
17 300 0.03 100 30 14.2  -438.66
18 300 0. 06 20 40 9.7 -409. 54
19 300 0.09 40 50 9.6 -217.10
20 300 0.12 60 10 3.2 -202.13
21 350 0.01 100 40 10.4  -399.84
22 350 0.03 20 50 7.4 -286. 49
23 350 0. 06 40 10 9.5 -239.03
24 350 0.09 60 20 13.9  -406.72
25 350 0.12 80 30 16.2  -470.75
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(a) Tteration for 1000 times  (b) Frontier solution set for Pareto
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Table 3 Optimal solution set and objective function values of Pareto for NSDBO algorithm

9 FWERa/(remin') O HEAEEV/(mm ) BHEE pm BER /W KEEE/HRS  FKRFRAN S/ MPa

I 115 0. 120 60.0 21.083 10. 837 -487. 436

I 173 0.120 57.0 30. 147 11. 866 -476. 581

| 192 0. 081 67.0 20. 309 12. 178 -373. 175

v 216 0.110 49.8 30. 324 12. 603 -468. 660

v 235 0. 120 70.0 20. 266 12. 956 —-464. 246

VI 281 0. 090 55.0 30. 806 13.704 -456. 254

VI 302 0.070 57.0 20. 155 14. 050 —-452. 500

VIl 317 0. 130 63.2 30. 495 14.350 —448. 352

IX 345 0. 056 60. 0 30. 447 15.312 -408. 372

X 347 0. 088 71.7 32.206 15. 689 —-382.384
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115~347 v » min~' | $EZ5#EF K 0. 056 ~0. 130 mm - ! . Table 4 Experimental and optimal values of surface
PR 49.8~71.7 pm, H A IR N 20. 155 ~ properties
32.206 W, Xf N A SRR THI AR AX I J) A —373. 175 ~ S FHIRAR S
—487.436 MPa, FIMAEE J 10.837 ~15.6890 HRS, % fifkft/ Sikfts e/ ikl  Slfts iR/
Y5 UE NSDBO Bk 7E M A IR sh 85 e T 2 S84k HRS ~ HRS % MPa MPa %
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JEJ:IW' NSDBO ﬁ(ﬁﬁﬁﬁﬂfﬁﬁ]fﬁ}flz%ﬁ VI 14. 350 13.775 4.17 -448.352 -437.739 2.42
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