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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 IF4 (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

iy 2 A
AE7] B4 SynRM
=T 4
Zakly Vrms 460
=9 kW 3.7 75 15
A7 Arms 7.2 14.3 28.6
&< (Phase) 3
A5 Hz 60
AAET rpm 1800
E=a Nm 20 40 30
AALE % 9251 91 %51
k= 0.71
THEE C 20
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Fig. 2. Rotor shape according to barrier number
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Fig. 3. Rotor design variable
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Fig. 4. Analysis using Design Of Experiments
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Fig. 5. SynRM rotor design algorithm using FEA
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Table 2. Winding

Winding 15kW | 7.5kW | 3.7kW Unit

& 19 12.5 6.3 Arms
AFE= 3.73 3.54 5 Arms/mm?
HEs R 2
dRAEEs | 93 132 | 222 turn
&£59 =A| 31 44 74

1.8 15 0.9

SRRE:
° 1914 612 098 |
TS 1
A} A 8 026 | 0449 | 1.664 0
AA 5 633 | 618 | 654 %
Table 3
Modeling | 15kW | 75kW | 3.7kW |Unit
3% 4
DR &5 36
oA 94 | 267 2235 | 1905 |mm
& 200 160 110 mm
50PN400
A7) %S A4 50PN470(S18
14 A (S14) (S18)

15kW 7.5kW 3.7kW
1 10777
10
8
% . 5.98
=
4 2.85
2
0 ; ;
15kw 75k 37kW
=9

Fig. 7. Stiffness analysis for each output power
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Table 4. FEA analysis result

AAZA} | unit | 15kW | 75kW | 3.7kW
A F Arms 19 125 6.3
A5 47 deg 60 60 64
7149t | Vrms | 368.1 294.0 312.3
=] N 85.75 42.44 22.94
(BxEA) (80.0) | (40.0) | (20.0)
EayE % 10.59 9.04 6.31
THD % 3.79 553 5.54
T& W 281.6 2105 198.1
A& W 296.0 156.9 54.3
7 A% W 90.0 30.1 276
a8 o; 95.94 95.16 93.81
(Ex88) (95.5) (94.0) (92.5)
Ad8 0.79 0.75 0.75
(HEY9E) 0.7 0.7 0.7
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Table 5. Experiment result of B3 §8S GAsto w7 AztE B dEE A
AP A% | unit | I5kW | 75kW | 3.7KkW A7k frederls WA 5 8l frol 229
A% | Arms | 1995 | 1344 | 632 wel a8 ol 2Aslth
BE shAIRE Qko 2 B[R}t A P& off7F ol
R A A5 A% A8 5 223 P A 0474 7
A Vrms | 33824 | 27452 | 313.04 FAls F7H] AA weto] ol itk whebA
o1& So= o 2+e A}3) =8 1S =31 EZgju]A
ua W 1567 204 i1 Sofl = 9ok 2 }? oo Elste] 7y ZEn Y
e H SynRM< AAAE o o]
EA Nm 80.09 40.37 20.21
a8 % 96.37 94.64 9291
qE 0.78 0.73 0.7 (1) ABB, IE4 synchronous reluctance motor and drive package
o A/% Optimized cost of ownership for pump and fan
= ;Z T | 21/73.17 | 21/72.76 | 21/71.96 applications (2012).
ANE72% (2) Huai-cong Liu, Ho-Jun Lee, Se-Young Oh, Gwang-Hyeon

Ryu, Hyun-Seok Homg, Seung-Joo Kim, Ju Lee “Decrease
torque ripple for super premium SynRM using barrier
arrangement  design”  Electrical  Machinery &  Energy
Conversion Systems Society Annual Spring Conference
2013.

(3) IBoldae “Reluctance Synchronous Machines and drives”
pp. 46-47.

(4) Masayuki  Sanada “Torque Ripple Improvement for
Synchronous Reluctance Motor Using an Asymmetric Flux
Barrier  Arrangement”,  IEEE TRANSACTIONS ~ ON
INDUSTRY  APPLICATIONS, VOL. 40, NO. 4,
JULY/AUGUST, pp. 1076-1082 2004.

(5) Kim, Won Ho “A Study on the Optima; Design Method of
Synchronous Relustance Motor for the Hifg Torque and
Power Factor ” Dept. of FElectrical Engineering The
Graduate School Hanyang University Master’'s Thesis.
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