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A Study on the Optimization of Winding Arrangement for the
Pole Change Single-Phase Induction Motor for Compressor

L S

Gyu-Heon Kim', Tae-Uk Jung?

{Abstract)

Methods of speed control of single-phase inuction motor include pole change and
frequency control. Pole change method that is controlling the speed by converting the
number of poles of the motor using only simple pole change device has lower
capability of speed control than method of frequency control. However pole change
method is more economical than method of frequency control because it has low
manufacturing cost. In this paper we propose a method of improving the operating
capability of 2-pole/4-pole using pole change method different from conventional
method and the operating capability for each number of poles applied with the
winding arrangement method is verified through finite element analysis.
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Fig. 2 Example of operation capacity according to

load
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Fig. 4 Proposed circuit of pole change motor
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Fig. 3 Proposed winding arrangement
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Table 1. Specification of single phase induction

motor
Parameter Unit Value
Output power kW 1(4p)/2(2p)
Input Voltage Vims 230
Frequency Hz 60
Outer diameter of Stator | mm 139.2
Outer diameter of Rotor mm 71
Air-gap mm 0.5
Stack length mm 105
Number of ST slot - 24
Number of RT slot - 34
Number of pole - 4/2

Main Winding
— — — Sub Winding

(@) 4A

Fig. 5 Winding arrangement for each model

Table 2. Specification of winding

Parameter 44 ExA
Main turns 49/48/30/19/16 35
Sub turns 31/21/18/10 19
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Table 3. Analysis result for each model at 2-pole

operation
Parameter Unit | 544 | %4
Torque Nm 5.5 5.5
Speed rpm 1742 1733
I (main) Arms 10.2 6.1
I (Sub) Arms 4.2 4.7
Stator copper loss W 4143 188.1
Rotor copper loss W 1124 61.8
Core loss A\ 13.8 12.1
Total loss W 540.5 262.1
Output power W 1004.2 999.9
Input power W 1544.7 | 1261.9
Efficiency % 65.1 79.2
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Fig. 6 Waveform of magnetic flux density for
eache model
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Fig. 7 Result of FFT analyzation for each model
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Table 4. Analysis result for each model at 4-pole

operation
Parameter Unit | 4¥ | =4
Torque Nm 5.5 5.5
Speed rpm 3539 3536
I (main) Arms 13.7 15.3
I (Sub) Arms 2.8 3.2

Stator copper loss W 187.5 251.4

Rotor copper loss W 73.7 104.9
Core loss A\ 25.5 27.8
Total loss Y 286.6 384.1

Output power W 2039.4 2037.1
Input power W 2326.1 2421.1
Efficiency % 87.7 84.2
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Fig. 8 Waveform of magnetic flux density for
eache model
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Fig. 9 Result of FFT analyzation for each model



o RGNl e HES ATY Aol
FAT PARG BEA Aol o AU )
T %

= SO Altshs WS 283t

s A B o] s 7lef vl 9
e 27 vl g 24 skl

Fetaads Ay, SeHd dReds)er

ol 253 45 7474 RAFYeIN w2 A&

= 87 @ 4, e HEY 22 Aol

A} A}

o] RO 2018¥%: AR(WLF) APog
S Ao A ehs ol 3P 7] R ATARY
9l(No. NRF-2018R1D1A1B07046255)

HDEH

[171 J. G Kim. “A Study on the Optimum Selection
of the Power Factor Compensation Condenser
According to the Improved Efficiency of
Induction Motor,” The Korean Institute of
Electrical Engineers, vol. 65 mno. 7, pp.
1311-1315, (2016).

2] D. W. Kimi, S. K Hong, H K Jung
“Optimal design of a outer rotor type single
phase motor for washing machines,” The
Korean Institute of Electrical Engineers, (1997).

[3] H. Nam, T. U Jung, Y. K Kim, S. K. Jung, J.
P. Hong. “Analysis Method Using Equivalent
Circuit Considering Hal-monic Components of
the Pole Change Motor,” The Korean Institute
of Electrical Engineers, vol. 5-B, no. 2, pp.
162-167, (2005).

[4] Rohith, L. Umanand, S. R. B. “Pole Changing
Wide Speed Range Induction Motor Drive for
Electric  Vehicles,” 2018 IEEE International
Conference on Power Electronics, Drives and
Energy Systems, (2018).

[5] D. H Kim, K. S. Kim, I. J. Yang, S. W.
Song, S. H. Lee, W. H Kim, 1. S. Jang
“Study on Improvement of Accuracy of
Induction Motor Analysis by Loss Separation
Test,” The Korean Society For Railway, vol.
22, no. 8, pp. 598-603 (2019).

[6] K. C. Rajaraman. “Single-Phase Pole-Changing
Motors  Using  Single-Layer ~ Concentric
Windings,” IEEE Transactions on Power
Apparatus and Systems, pp. 1367-1372, (1971).

(4= 2021.02.18. 470 2021.03.22. ARERG: 2021.03.26.)



