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Multi-objective optimization of electromagnetic acoustic transducer
based on the improved NSGA-III algorithm
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Abstract ; The design and optimization of electromagnetic ultrasonic transducer (EMAT) is a multi-objective optimization problem, which
has many variables, complicated analysis and great difficulty in optimization. By formulating the electromagnetic force acoustic finite
element model of the electromagnetic ulirasonic transducer, the sample sets of the optimal targets such as Lorentz force, magnetostrictive
effect, induced current density and vibration displacement can be achieved. In this way, the agent model of the multi-support vector
machine is established. An improved NSGA-Il multi-objective optimization method based on the combination of reference point and
congestion degree is proposed. The optimization design is implemented on the optimization target, and the most satisfactory optimization
scheme is selected from Pareto solution set through the multi-index weighted grey target decision model. Compared with other
optimization methods, the improved NSGA-1Il algorithm is more effective for solving complex multi-objective problems. The rationality of
the optimization process and the accuracy of the optimization results are evaluated by experiments. Results show that the detection signal
of the electromagnetic ultrasonic transducer is increased by about 25% after optimization, which effectively improves the energy exchange
efficiency. It provides a new way for the parameter optimization of the electromagnetic ultrasonic transducer.
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Table 1 Structure factor level tab mm
£ -k K- 1 K2 KF-3 K- 4
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LB IR
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28 [R] 0.5 1.0 1.5 2.0
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TR A e 10.0 12.5 15.0 17.5
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Table 3 The IGD value and running time of each

algorithm at different functions

BIEAR Mean Var time/'s
NSGA-II 0.0971 2.235x107° 43. 16

DTLZ1 NSGA-1I 7.962x107°  1.541x107® 13.28

HeiE NSGAIIT 2.133x107°  3.376x107° 8. 64

NSGA-1I 0. 0742 4.579x107° 31.47

DTLZ2 NSGA-1I 1.813x107*  2.755x107® 14. 89

Pt NSGATIT 6.766x107°  1.627x107° 9.75
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Table 4 The obtained Pareto solutions

S J,/(Am?) F,/(N.m™?) o/Pa AX/mm

1 21 693 692 717 551 28 662 059 5.07x1077
2 41 073 133 1 101 076 31 475 274 2.01x1077
3 37 639 736 1 045 979 19 112 906 2.09%x1077
4 24 814 449 750 722 28 582 452 5.58x107*
5 43 392 219 727 179 33755 175 9.12x107*
6 27 164 333 850 291 25 605 641 5.34x1077
7 43 399 674 1 164 326 27 575 845 0.83x1077
8 26 683 027 835 774 28 744 965 5.42x107*
9 20 662 171 696 139 28 084 114 5.72x1077
10 33 645 643 940 797 33 332 040 3.33x1077

P 4 P AR M e ST A T R B2 T SR R SR A SR

AT,
X =
21693692 717551 28662059 5.07 x 107
41073133 1101076 31475274 2.01 x 107
37639736 1045979 19 112906 2.09 x 107
3645643 940797 33332040 3.33 x 107
A BRI ER & .
W=(0.3156,0.344 5,0. 164 3,0. 155 6)
SORKERE X O SR
R =
1 ~0.89652 0.79851 - 0.578 66
~0.75379  0.756 85  0.654 49 I
0.54484  0.69887 0.71565 —0.987 55
0.87489  0.23441  0.246 51 - 0.854 46
TRSHELE R (MR R
r=(1,1,1,1)

07 RO R iR 5 s,
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Table 5 The distance of each scheduling scheme

A= HLLHE &
1 1.103 919
2 1.537 038
3 1. 338 830
4 1.596 167
5 0. 930 930
6 1.283 982
7 1. 106 621
8 1.104 611
9 1. 044 262
10 1.015 414

RES B B 1T NSGA-IIFIT NSGA-MZ& . Bk NSGA-II
AL SR S S E RIS ECRGE E, I3k 7 B
INo TEBRIE CREEA S WSO R4 UL 1L J5 1) EMAT
SER SR ST A N A B TT A TR AT 0 BUIS IRV R 2%
77 REBURAERON, R0 HL I 2 B RDWEE s R S i e 4 A
R A=k

& 6 EMAT ST

Table 6 Comparison of EMAT performance parameters

kAR HRIREBER We%N wEME PSR
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AR 4.30x107  7.27x10°  3.37x10°  9.12x10°%

R 7 EMAT &S5t

Table 7 Comparison of EMAT structural parameters

mm
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518 1) 2 0.794 4 0.8
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