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Abstract

Line-start synchronous reluctance motor(LS-SynRM) has the high efficiency than the induction motor that is almost used in the
industrial application. However, LS-SynRM must be operated in the synchronous speed for the high efficiency. When the load has
high inertia, LS-SynRM fail to reach the synchronous speed. In this paper, the synchronization characteristics of LS-SynRM are
analyzed based on the mathematical model and finite element analysis (FEA). The synchronization characteristics and the
synchronous process of LS-SynRM are analyzed based on the mathematical model in s-& plane. Furthermore, the condition of the
synchronization is obtained by the kinetic energy and the motor energy. The three models are selected according to the rotor bar to
analyze the synchronization characteristics using FEA. Using the time-harmonic analysis, the equivalent circuit parameters of the
three models are calculated, and the starting characteristics and performance of LS-SynRM are compared.
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Fig. 7 Relationship with load angle and inertia considering the synchronization
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Table 2 Load condition for analysis of starting characteristic

PRz Case 1 | Case 2 | Case 3 | ©9

mE T4 0.0208 kgm®
B3l /e A 30 4 50 -

B3l kA 0.624 | 0.874 1.04 kgm®
H3 B3 33.82 Nm
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Fig. 8 Transient analysis of three cases (a) speed curve (b) relationship with load
angle and slip
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Table 3 Common specification of each models

a Case 1 o9
132 9174 235 mm
732 WA 140 mm
312 WA 40 mm
o= 4ol 0.45 mm

Z710] 155 mm
&34 W5 34 —
FEEE I -

a4 Y :
=4 4 :

A7FAL 380 Vrms
W7t Fats 60 H

B 75 kw

E3 39.8 Nm

& 1800 rpm
Core A& 50PN470 -

AR =A4 A Aluminum -
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Table 4 Equivalent circuit parameter analysis of each models using time-harmonic

analysis
JFE Model 1 | Model 2 | Model 3 | 9]
% 4Fu)E Mg 0.17 0.297 0.297 kg
TAR; A3 0.27 0.27 0.27 Q
dZ A QJIYEA | 99.290 98.529 98.846 | mH
g% LA QJIYEA | 10.187 9.622 9.868 mH
d= AR A 0.338 0.305 0.283 Q
g% AR A 0.881 0.725 0.657 Q
d= 3AA
golgE s 3.408 3.458 3.558 mH
g5 =34
el A 5457 6.573 6.314 mH
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Table 5 Comparison with characteristics of each models in synchronous speed.

g Model 1 | Model 2 | Model 3 | T
dZ AQYEX (Ly) 99.290 98.529 98.846 mH
g% olgEA (L) | 10187 | 9.622 9.868 | mH

S35} (LeL,) 89.1 88.91 8897 | mH
=] (La/ Ly) 9.747 10.24 10.016 -

A= 15.41 15.31 15.47 Arms

=9 7.55 7.55 7.55 kW

as 93.63 93.69 93.61 %

A& 79.30 79.79 79.00 %
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Fig. 11 Comparison with characteristics of each models based on the circuit

parameters. (a) TN curve (b) relationship with load torque and inertia
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