Letters

The Transactions of the Korean Institute of Power Electronics, Vol. 22, No. 6, December 2017

543

o]F PLL *+X& o] &
71 AF7] AME X

https://doi.org/10.6113/TKPE.2017.22.6.543

] G TR
7N A

Performance Improvement of Sensorless Drives for Surface Mounted
Permanent Magnet Synchronous Motor using a Dual PLL Structure

Kwang-Woon Lee™

Abstract

This paper presents a simple approach for

improving the performance of back-electromotive force

(back-EMF)-estimation-based sensorless drives for surface-mounted permanent magnet synchronous motors
(SPMSM). Similar to conventional approaches, a hypothetical d—q synchronous reference frame model of SPMSM is
employed in the proposed approach to estimate the back-EMFEs. This approach also employs a dual phase locked loop
structure to compensate for the effect of the dead time and parameter uncertainty of the inverter on the estimated
back-EMFs. The proposed algorithm is validated by conducting experiments.
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Fig. 1. Hypothetical synchronous reference frame.
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Fig. 2. The conventional PLL based sensorless rotor

position/speed estimator.
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Fig. 3. Voltage error due to dead-time (a) in d-q reference
frame, (b) in v— ¢ reference frame.
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Fig. 4. The proposed dual PLL based sensorless rotor
position/speed estimator.

TABLE I
MOTOR PARAMETERS
Variable name Value [unit]
Base speed 3000 [r/min]
Stator resistance (Z,) 5.7 [ohm]
Stator inductance (Z,) 30 [mH]

Back-EMF constant (A5, 0.066 [V/(rad/sec)]
Number of poles 12

Fig. 5. Experimental setup.
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Fig. 6. Starting characteristics of the conventional method.

Estimated rotor posmon (2n/d1v )
{4idddi £ ¥ 1 Faidaddd
l/’ ! 4{5’ /1 ﬁ”’ A ;’} ﬂ fi ﬂ ;‘;]\/\jj i /ﬂ’l‘?i ,/ ’;7"' A44441

Estimated rotor position error (0.25/div.)
Ve

Estimated rotor speed (1000[r/min]/div.)
L |

500[r/min &

a-phase current (2[A]/div.)

T W
100ms/div.

Fig. 7. Starting characteristics of the proposed method.
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Fig. 8. Sensorless control of the conventional method at
500[r/min].
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Fig. 9. Sensorless control of the proposed method at
500[r/min].
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