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Power Density Improvement Design of WFSM for EV Traction Motor
Using Hair-pin Windings
Kyoung-Soo Cha" - Jin-Cheol Park - Seung-Hee Chai - Jung-Pyo Hong

Department of Automotive Engineering, Hanyang University, 222, Wangsimni-ro, Seongdong-gu, Seoul 133-791, Korea

Abstract : The rare earth material are dependent on imports from China for unstable supply and demand. Therefore the wound
field synchronous motor (WFSM) which doesn’t use rare earth material is being studied. The most commonly used wire shape
is circular, with fill factor of 40%. If the fill factor can be increased, the slot area can be decreased. The hair-pin winding used
wire shape is square and fill factor of 60%. So, if the slot area is designed for using hair-pin winding, it can be designed smaller
than slot area of initial model. By reducing the slot area, it is possible to increase the stator inner diameter and the rotor outer
diameter. Then it is possible to reduce the stack length while maintaining the same torque. In conclusion, it is possible to reduce
the motor weight and volume. Moreover, by designing a square shaped slot, it is possible to increase the width of teeth. This
also reduces the saturation level, which in turn reduces the total harmonic distortion (THD) of the back electromotive force
(BEMF). Therefore, by using a hairpin winding in motor design, the same output can be maintained while the volume and
weight is decreased. The power density is increased. In this paper, by using a hairpin winding, stack length is reduced by 10%
compared to the initial model while maintaining the same output. The initial and improved model is compared by calculating
the power density and efficiency of the motor by using a Two-Dimensional Finite Element Method (2-D FEM).

Key words : Electric vehicle (17]1&5=}), Hair-pin windings (3113 @ 41), Motor efficiency (1%57] &&), Power
density (&2 &), Two-dimensional finite element method (2-D -3+2.4-314]), Wound field synchronous motor (41 7]
A s71E71)

Nomenclature ¥ linkage flux, Wb
F: force, N Subscripts
i:current, A
L : inductance, H d : direct axis
P : pole pair number g : quadratic axis
r : radius of airgap, m a:armature
T : torque, Nm

* 2}74 4=, E-mail: chakungsoo@hanyang.ac.kr
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Fig. 1 Shape of initial model
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Fig. 2 Comparison of the general winding and hairpin winding

Table 1 Shape dimension and spec of initial model
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Fig. 3 Shape of initial model and improvement model
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Table 2 Shape dimension and spec of initial and improvement
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Fig. 7 Efficiency map of improvement model
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