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Introduction 
 Precise initial position is required to help start HEVs under a heavy load condition. 

However, rotor shaft coupling Hall-Effect Sensor provides the rotor position with a 

resolution of ±30 electrical degree. 

 Surface-PMSM (SPMSM) machine is one of candidates for HEVs due to its 

simple structure. But the spatial saliency level of an SPMSM is so small that it is 

difficult to perform position estimation based on high frequency injection. 

 To tackle the above problem, we proposed a hybrid injection position estimation 

for SPMSMs. It is based on the concept of saturating motors before estimating 

rotor position, along with that a special signal demodulator is introduced for 

position information extraction. 

 The proposed method is validated by both the simulation and experimental results 
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Investigation of the spatial saliency for an SPMSM machine 

Fig. 3  Inductance-position characteristics: (a) Lqq-position; (b) Ldd-position Front In
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An example of detecting magnetic polarity 
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Position observer is applied after magnetic polarity 
identification 
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Injection of a DC excitation current vector to detect the 
magnetic polarity 
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Magnetic polarity confirmation by the comparison of 
saturation evaluation function   
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Position observer 
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Distribution of estimation error (absolute value) versus 
rotor position 
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Conclusions 
 The proposed position estimation is feasible for SPMSM which is 

based on the concept of saturating motors before estimating 
rotor position. 

 The proposed position demodulator is easy to implement with 
only two second-order BPFs and three inertia filters. 

 The position estimation error of the proposed method is less than 
13°(electrical) according to experimental results. 
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