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Low Cost, Compact, and High Efficiency Traction Motor for Electric and Hybrid 
Electric Vehicles 

Project Overview 

A suitable motor drive for vehicle traction should offer high efficiency, 
compactness, and low cost of manufacturing, among other attributes. Recently, we have 
discovered that vehicle dynamics such as initial acceleration and gradeability demands an 
extended constant power region in the motor torque speed plane. This, in turn, can be 
interpreted as a novel method to reduce the power rating of the motor drive, thereby 
producing a more compact drive train for EV and HEV. In addition, it is important to 
remember that a successfbl motor drive must provide a fault tolerant and hazard free 
operation. Switched Reluctance Motor (SRM) drives, once properly designed and 
controlled, are capable of providing all of the vehicle requirements while demonstrating a 
low cost, reliable, compact and highly efficient performance. 

In this project, our team at Texas A&M University has designed and developed a 
bench scale SRM drive, specifically suited for EV and HEV applications. In addition, we 
have introduced a specific control strategy to obtain an extended constant power region 
by tuning the control parameters. Furthermore, we have developed a self-tuning 
technique that can result in a relaxed manufacturing precision, producing a low cost 
traction drive. We also have developed a four-quadrant position sensorless controller, 
which can significantly improve the reliability and overall cost of the drive. The 
successfbl integration of these novel technologies will deliver a low cost, highly efficient 
and compact solution for traction in EV and HEV applications. 

Phase I Project Results 

An optimized SRM geometry has been designed. Finite Element (FE) analysis 
has been used for computation of nonlinear characteristics of the SRM. Figure 1 shows 
the cross section of the designed machine along with the magnetic flux lines. In order to 
finalize the design, a dynamic simulation of the SRM has been performed. Nonlinear flux 
and torque characteristics of the SRM (obtained using FE analysis) have been used for 
this simulation study (Fig. 2). In the next step, a bench scale prototype of the designed 
machine (300 V, 7.5 kw) has been developed. Figure 3 shows the stator and rotor of the 
designed SRM. This machine has been then used in an experimental test bed as shown in 
Fig. 4. Having completed the various parts of the drive system, such as the inverter, 
control electronics and software, we are performing the final testing of the proposed 
drive. 

Our results show that SRM drive can be considered a serious candidate for EV 
and HEV traction applications. Furthermore, integration of self tuning and sensorless 
techniques in the future phases of this project can produce a prototype for low cost, 
Compact and highly efficient drives for traction applications. DOE Patent clearance G~~~~~~ 
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Fig. 1 , Cross secti n of the designed SRM along with the magnetic flux lines 
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(a) Static torque vs rotor position for different ampere-turns 
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(b) Static flux linkage vs phase current for different rotor positions 
Fig.2, Magnetic charcteristics of the designed SRM 



Fig.3, Rotor and Stator of the designed SRM 




