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A Study on the Performance Improvement of Rotor Structure
Modifications in Single-Phase Motors for Compressor
Applications

<Ly

Tae-Uk Jung

(Abstract)

Contemporary power systems demand efficient and sustainable technologies.
Single-phase induction motors, while widely used, face efficiency challenges due to
inherent rotor losses. Proposed solutions include the Line-start Permanent Magnet
Synchronous Motor (LSPMSM), leveraging permanent magnets for enhanced energy
density but facing demagnetization and cost issues. Alternatively, the Line-start
Synchronous Reluctance Motor (LSRM) operates as a hybrid motor without permanent
magnets, reducing rotor losses and potentially improving efficiency. This paper focuses
on designing an LSRM rotor for air conditioner compressors, analyzing start-up
characteristics and efficiency through finite element analysis. A comparative study with
single-phase induction motors provides insights for future motor technology selection,
balancing efficiency and other requirements.
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Table 1. Design specification

Parameter Unit Value
Out diameter mm 139
Stack length mm 105
Pole numbers - 2
Rated output KW 1.6

Voltage Vrms 230

Frequency Hz 60

Fig. 5 Flux density distribution through finite element
analysis, (a)single phase induction motor and
(b)LSRM
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Fig. 7 Rotor design parameters of LSRM
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Table 2. Design combination of each model

Design Length [mm]

Parameter | Ver.1 Ver.2 Ver.3 | Ver.4
C1 2.85 2.85 2.95 2.95
2 2.65 2.75 2.85 2.95
c3 2.65 2.75 2.75 2.85
C4 2.65 2.65 2.65 2.85
c5 2.65 2.55 2.45 2.25
C6 2.65 2.55 2.45 2.25
A 16.10 16.10 | 16.10 | 16.10

\
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Fig. 9 Efficiency characteristics according to design
combination of Table 2
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Table 3. Comparison of performance analysis results

= 1.6kW 2.6kW

M LSRM M LSRM
Pin [W]| 1744.6 | 1732.7 | 2875.2 | 2859.8
Pout [W]| 1601.2 | 1602.2 2612 2601.2
Torque [Nm]| 4.3 4.25 7.1 6.9
Speed [rpm] | 3550 3600 3513 3600
Vs [Vrms] | 230 230 230 230
Freq. [Hz]| 60 60 60 60
Is [Arms] | 8.07 8.78 13.04 14.24
[main [Arms] | 6.37 6.42 10.69 | 12.19
Lux [Arms]| 5.12 5.74 4.9 5.51
Eff. [%]| 91.78 92.47 90.85 90.96
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Fig. 10 Classification and comparison of losses
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Table 4. Maximum torque comparison

M LSRM
Max. torque [Nm)] 18.7 9.5
Ratio to rated torque 43 2.2

=
T

~Average 139 Nm] /o

Torque average [Nm]
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Fig. 11 Starting torque by initial rotor position
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