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Abstract

In accordance with global energy conservation policies such as MEPS (Minimum Energy
Performance Standard), electric motor industry is moving to super-high-efficiency machines and
research to develop IE4 (International Energy Efficiency Class 4) motors has been launched. In this
situation, SynRM (Synchronous Reluctance Motor) has been attracting attention in place of induction
motor which hardly provides super premium efficiency. As a result, much research on SynRM is being
performed at home and abroad. Also, some products have already been appearing in the market.
Compared to induction motor, SynRM has better efficiency per unit area and wider operating range.
Although the utilization of control system in synchronous motor results in higher prices, we still need
to concentrate on developments of SynRM so as to comply with the new policies. This study
demonstrated the electromagnetic design methods of super premium SynRM while maintaining the
frame of existing IE3 induction motor. We documented the design procedures for generating high
saliency which is the most essential and mechanical stress anlaysis is also treated. In conclusion, we

proved the validity of our design by manufacturing and testing our 3 models.
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Fig. 1. Class efficiency for induction motor
according to each output power
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Table 1. Specification

Eias 9] AL
dE7] Bl SynRM
=T 4
by Vrms 460
=9 kW 3.7 75 15
A Arms 7.2 14.3 28.6
’&4*(Phase) 3
A5k Hz 60
QAL E rpm 1800
E3 Nm 20 40 30
AALE % 9251 941 9551
k= 0.77
TH2E C 20
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Fig. 2. Rotor shape according to barrier number
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Fig. 4. Analysis using Design Of Experiments
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Table 2. Winding

Winding | 15kW | 7.5kW [3.7kW|  Unit
CEAD 19 | 125 | 63 | Arms
ARE= 3.73 3.54 5 Arms/mm?
HEI R 2
d3AEds | 93 132 | 222 turn
=59 =AF| 31 44 74
anqn | 18| 15 | 09 .
(1.914)| (1612 | 0.986)
O 1
AT | 026 | 0449 | 1664 0
A48 | 633 | 618 | 654 %
Table 3.
Modeling | 15kW | 75kW | 3.7kW |Unit
=T 4
LA E RS 36
w42 9174 | 267 | 2235 | 1905 |mm
A% 200 160 110 |mm
Az A Pl PNATOS18)
(S14)

15kW 7.5kW 3.7kW
i 10777
10
8
of
5. 5.98
=
4 2:85
2
0
15kW 7.5kW 37kwW
£

Fig. 7. Stiffness analysis for each output power
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Table 4. FEA analysis result
AAAF | unit 15kW | 75kW | 3.7kW
ks Arms 19 125 6.3
AF A4 deg 60 60 64
714 | Vrms | 368.1 294.0 312.3
L= N 85.75 42.44 22.94
(ZFREA) (80.0) (40.0) (20.0)
Ea9E % 10.59 9.04 6.31
THD % 3.79 5.53 554
TE W 281.6 2105 198.1
A& W 296.0 156.9 54.3
71 A &= W 90.0 30.1 217.6
a8 o 95.94 95.16 93.81
(ZFREs) (95.5) (94.0) (92.5)
95 0.79 0.75 0.75
(FX9E) 0.7 0.7) 0.7
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gz | B 00 ¥ A% A5 A8 5 el P 9% HAA 7
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