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Analysis on Position Estimation Performance according to Injection Frequency
in Carrier-Based Sensorless Operation

Chae-Eun Hwang!, Younggi Lee!, and Seung-Ki SulT

Abstract

This work puts forward a theoretical analysis on position estimation performance of interior permanent magnet
synchronous motor (IPMSM) according to the injection frequency in carrier-based sensorless operation. The
effects of spatial harmonics on inductance and voltage distortion due to the nonideal characteristics of IPMSM
and inverter are examined as factors influencing the position estimation performance. Furthermore, the position
estimation performance is analyzed by calculating the current at the switching instant in several operating
conditions. In summary, the half switching frequency injection is more robust to the nonideal characteristics of
IPMSM, especially with light load condition. The validity of the analysis is verified by the simulation and

experimental results.
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Fig. 2. Characteristics of high-frequency injection with the
different injection frequency.
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Position Estimation Error at Zero Current
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Relationship between current and voltage distortion
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Fig. 6. Position estimation error due to the non-ideal
characteristics of the inverter.
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Phase Current at Switching Instance
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TABLE 1
PARAMETERS FOR EXPERIMENTS
Parameter Value
DC link voltage 320 [V]
Switching frequency 10 [kHz]
Injection voltage 40 [V]
Rated power 300 [W]
Rated current 4 [Apeak]
Pole 6
Back EMF constant () 0.064 [V-s]
Resistance (Rs+Rinv) 0.76 [Q]
Synchronous Inductances | Ldsh=7.15,Lqsh=10.6[mH]
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Harmonic Spectrum of Position Estimation Error
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