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Characteristic Analysis of Single-phase Line-
start Permanent Magnet Synchronous Motor
Considering Iron Loss Calculated by
Iron Loss Curves and FEM
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Abstract—- This paper deals with the characteristic analysis of
the single-phase line-start permanent magnet synchronous motor
using equivalent circuit. The iron loss can account for a
significant component for accurate perdition of machine
performance. Therefore, the iron loss resistor to account for the
iron loss, calculated by iron loss curves and finite element method,
is included in the equivalent circuit to improve the modeling
accuracy. Finally, the analysis and the experimental results are
compared to verify the validity of this approach.

Index Terms—Single-phase line-start permanent
synchronous motor, equivalent circuit, iron loss.
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I. INTRODUCTION

INGLE-PHASE line-start permanent magnet synchronous

motor(LSPM) is essentially an induction motor with added
permanent magnet. Since the motor operates as a synchronous
machine, the conductor bar loss is significantly reduced. In
addition, it is possible to achieve unity-power-factor
performance, thereby reducing the stator currents and the
corresponding losses [1].

This paper deals with characteristic analysis of the single-
phase LSPM using d-q axis equivalent circuit [2]. At this time,
the iron loss can account for a significant component for
steady state analysis and accurate perdition of machine
performance. Therefore, the iron loss resistance to account for
the iron loss is included in the equivalent circuit to improve
the modeling accuracy. Furthermore, for the improved
calculation of the iron loss, the loss is calculated by the finite
element method (FEM) considering harmonic components in
the flux density. Finally, the analysis results are compared
with the experimental results to verify the validity of this
approach.

[I. ANALYSIS METHOD AND RESULTS

Fig. 1 shows the d-q equivalent circuits with the iron loss. W
and /, , are d- and g-axis iron loss currents, respectively. £y is
the phase value of the induced EMF from the magnets. The
iron loss resistance R can be expressed using iron loss P,
as shown in equation (1).
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Fig. 1 d-q equivalent circuits with the iron loss included
TABLE |
ANALYSIS AND EXPERIMENTAL RESULTS AT THE RATED CONDITION
Items Analysis results Experimental results
Qutput(W) 159.1 160.0
Line current(A) 1.65 1.66
Efficiency(%) 87.99 87.63
Power factor{%) 98.10 98.65

The iron loss considering harmonics is 12.10W. Table. |
shows the analysis and the experimental results by the
proposed method. The efficiency by the analysis is 87.99%
and similar to the experimental value.

[II. CONCLUSION

This paper deals with the characteristic analysis of the
single-phase LSPM using d-q axis equivalent circuit
considering the iron loss, which is calculated by FEM to
improve the modeling accuracy, and the validity of the
approach is verified, as shown in Table. 1.
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