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(b) Strongly coupled problem
Fig. 1. (Color online) Two kinds of coupled problems.
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Table |. Comparison of exact and calculated solutions for a test
example.

Design Initial Known Proposed Fractional

variables design solutions method error (%)
dy 2 21719 21716 0.0182
d, 3 2.3636 2.3646 0.0388
ds 5 8.7739 8.7742 0.0031
d, 5 5.0959 5.0965 0.0101
ds 1 0.9965 0.9904 0.6169
ds 2 1.4305 1.4296 0.0680
d; 7 1.3216 1.3209 0.0562
ds 3 9.8287 9.8281 0.0063
do 6 8.2800 8.2793 0.0095
dio 10 8.3759 8.3763 0.0044
f(d) 753 24.3062 24.3062 0.00004

0s(l) = 50l + 8, + (ds— 6)>— 2d,— 40< 0

96(0) = 0.5(ch — 8+ 2(dp— 4>+ 3d5 — ds— 30< 0

9r(d) = d + 2(dp— 2)? - 2040, + 14ds — 605< 0

gs(d) =— 3d; + 60, + 12(dg— 8)*— 7d1o< O (13
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Tablell. Two different resistivity conditions.

Temperature (°C)

Conditions
20 100 200 400 600 800 900
1 72 72 72 72 72 72 72
2 72 78 86 100 111 121 126

unit : nOhm-cm

Tablelll. Tow different optimadue to the resistivity condition used.

Design variables ri r2 r3 z1 72 z3

Initial 80 80 80 70 25 -20
Fina (conditionl) 63.00 6533 63.00 3910 2515 11.66
Find (condition2) 63.00 67.71 63.00 4082 2499 9.56

1200
e S
1000 - R ::A::/::i + cﬁ\::‘\::‘ —
. .
| /‘/A/,/'/ \'\.\\\‘
. .\.
800+ ~
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& 400
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0 1 | T 1 I 1
10 15 20 25 30 35 40
Position (mm)
(a) On the test line.
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Fig. 6. Thermal distributions between different coil designs.
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Fig. 7. (Color online) Three different coil designs.
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Optimal Design of Local Induction Heating Coils Based
on the Sampling-Based Sensitivity

Nak-Sun Choi, Dong-Wook Kim, and Dong-Hun Kim*
Department of Electrical Eng., Kyungpook National University, Daegu 702-701, Korea

(Received 14 May 2013, Received in final form 5 June 2013, Accepted 10 June 2013)

This paper proposes a sampling-based sensitivity method for dealing with electromagnetic coupled design problems effectively. The
black-box modeling technique is basicaly applied to obtain an optimum regardless of how strong the electromagnetic, therma and
structural analyses are coupled with each other. To achieve this, Kriging surrogate models are produced in a hyper-cubic local window
with the center of a current design point. Then design senditivity values are extracted from the differentiation of basis functions which
consist of the models. The proposed method falls under a hybrid optimization method which takes advantages of the sampling-based
and the sendgitivity-based methods. Owing to the aforementioned feature, the method can be applied even to electromagnetic problems
of which the material properties are strongly coupled with thermal or structural outputs. To examine the accuracy and validity of the
proposed method, a strongly nonlinear mathematical example and a coil design problem for loca induction heating are tested.

Keywords: dectromagnetic coupled problem, optimization, metamodeling, design sensitivity, induction heating
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