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Optimal Design of the Rotor Structure by using Box-Behnken Method for IPMSM

Jung-Ho Han®, Won-Ho Kim",

lk-Sang Jang®, Mi-Jung Kim", Ki-Doek Lee", Jae—-Jun Lee", Ju Lee"

Hanyang University”

Abstract - There are various ways of optimizing rotor design
of Interior Permanent Magnet Synchronous Motors(IPMSM).
In this paper, the best optimized design value was found by
varying the Bridge thickness of PM in the rotor and changing
Rib. The set design values were torque, 5 harmonics, 7
harmonics, and safety factor. Also, in order to make practical
design value easily and quickly for optimization, Box-Behnken
of Response Surface Method(RSM) method was used.
Therefore, IPMSM resulted an optimized design model with
high torque, low harmonics, and constant value of safety
factor.

.M B
32 A % A7 AL
7] ol #2g wa v 1 %

FAY F714%E19] el WYR L 3
= ANl A el oEE

¥

N1 m}l_‘

L, A0

N

=2

=)

= —.“i
[e2

Fol'

o

=

oXx,

0, off

23

)

& Edg v EayEs avshed, H]?i]z*ol ZIX*D}EJ A A
2 Agstel o gAY AF/F WrEd BHS T3 g
Y JTAY SN 1A AR 8T bR T
22 2 2dz Adsgon, 1449 9744 WAL N, SFol
Mol b ol 9, gAY R EetoldF Blor T4
AT
<E 1> YO MAHAIY
0 A A
BaseRPM 2843rpm
MaxRPM 10000rpm
2843rpm 436Nm
=
10000rpm 206Nm
Core A& 35PN230(S08)
Ho 5 500A
5_21-_9 = 170%

S| AR/ A F/ = 163mm/190mm/1.2mm

17,
\‘:—%

=

<18 1> IPMSM2| =7| 2

2.2 B

ROy AR =)

2.2 Box-Behnkent{e| EZ

We Be 4¥A AAPgl Aok B ERAE 1 27

tlo & N
oo
b,
g,

2Ho2 4% @ W, BE 2E0] FA

60]7 § ] -~ bl
S EE FE0 O}WE}L A& AT v, BE Ao bHdE FHYY
oA o]Fojxtti AT HH %}A‘lo}“ Box-Behnken(3H2= -1 21) & of
4319 th. Box-Behnken¥ & 291570 2¢ 4% tE wexuy
shupel FAlgHA ﬁ]ﬁm(Central Composite Design:CCD)E.t} A& 3147}
At} Box-Behnken AAE Zx 4o A# Aol ¥3ux e 2378
o2 SUA BEAMEY FAIL A ’“5“’3"1«] %”Oﬂfﬂ A9g 3§
= Algoltt. BA Mo o] AFo] v go] YT Ho] EAY dAAHoZ
B7best A9 Rl AEE ool a9 2& ’Sﬁl‘*‘—’ﬁﬂ 3N o
A9 A8 vea e, F 15713 0A 1208 FArA e 7
LA Apolel AR FHol H*]ﬁ}i ML BF AAEA Y FA4o|

[2]

oo

<18&! 2> Box-Behnkentq

2.3 B|MR}L ZZHMA

i
o
c

QEaA e 157 23S EdE A4 f
Ed Sy 7uEuwE Fata 7| AF FASAS
. **74]“4 o] WS HAg4o W= ¥ 29 2

o o i
'—ﬁ - oft d2
o ol

-

o L o >
Mo 1o

o
2
ofo
|
of
ol
R

Ff‘
o |
1 g

4

' 2,

Upper bridge, Lower bridge, Rib9] 94+
o,

51

r% By
e,
ol
i

.
o
o~

|

ot =
o
Lok

i
4
32

Upper bridge 0.5-2[mm]
AAWMS Lower bridge 0.5-2[mm]
Rib 0.5-2[mm]
Torque Maximize
Rp SRR 5 127 Minimize
TR 7 nz3}
Safety factor = 1.3
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bridge bridge 3} 3} factor
1 0.5 0.5 1.25 | 483.1 0.11 0.23 1.33
2 2.0 0.5 1.25 | 462.3 0.11 0.38 1.33
3 0.5 2.0 1.25 | 462.7 0.05 0.02 1.79
4 2.0 2.0 1.25 | 4446 0.15 0.17 2.25
5 0.5 1.25 0.5 493.3 0.43 0.11 1.37
6 2.0 1.25 0.5 471.8 0.13 0.29 1.38
7 0.5 1.25 2.0 453.2 0.12 0.17 2.26
8 2.0 1.25 2.0 436.2 0.25 0.33 2.24
9 1.25 0.5 0.5 491.0 0.20 0.30 1.29
10 1.25 2.0 0.5 472.7 0.24 0.04 1.40
11 1.25 0.5 2.0 453.9 0.17 0.34 1.37
12 1.25 2.0 2.0 434.3 0.26 0.12 2.34
13 1.25 1.25 1.25 | 4655 0.02 0.22 2.20
14 1.25 1.25 1.25 | 4655 0.02 0.22 2.20
15 1.25 1.25 1.25 | 4655 0.02 0.22 2.20
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