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for EV and Design for Improving Torque Density
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Abstract : In this paper, the advantages of the CFSM (Concentrated flux synchronous motor) using ferrite permanent
magnet are introduced. Also, the direction of rotor design for improving torque density is presented. In addition, the
CFSM using ferrite permanent magnet was designed and compared with the IPMSM (Interior permanent magnet
synchronous motor) using Nd permanent magnet considering the same design specifications. First, the advantages of the
CFSM are described by comparing the rotor shape of IPM and the rotor shape of CFSM. And then, the air gap flux
density of CFSM was converted to mathematical modeling. The design prameters for improving the torque density are
also summarized. Secondly, the tendency of air gap flux density according to pole number and rotor shape was
confirmed. The design direction for increasing the torque density is presented and the design of the CFSM is carried out
based on the design specifications. Finally, CFSM and IPMSM were compared by volume, weight and torque density.

Key words : Electric vehicle (EV, %1 7] %}-5=}), Concentrated flux synchronous motor (CFSM, A& H538 7] &
71), Interior permanent magnet synchronous motor (IPMSM, " 913 < *2}4 5 7] Z571]), Torque per rotor volume
(TRV, 3] ¥ A} 33] & E =1), Shape ratio (SR, &4} H])

Nomenclature t,,: PM thickness, m

11,: vacuum permeability, H/m

A : cross section area of air gap per pole, m’. . -
g £3p per pole, .. TECOLl permeability

B, :residual induction, T

B, air gap flux density, T
D, rotor diameter, m
g: air gap length, m

p: pole pair

h,,: PM height, m

* Corresponding Author, Email: hongjp@hanyang.ac.kr
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Table 1 Nd 9 7A}4] & o] &g IPMSM 4 Ferrite % 71
A} & o] 43k CFSM H| 1L

Normalized [PMSM CFS.M
(Nd) (Ferrite)
Power 1
Stator diameter 1 1.33
Stack length 1 0.72
Volume 1 1.27
Torque density 1 0.79
Weight 1 1.13
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