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Optimal Structure Design for Improvement of Output Power and Efficiency in a Spoke-Type

IPMSG for a Special Vehicle

Hyo-Keun Jeon, Sung-An Kim, Sang-In Byun, Yun—-Hyun Cho
Department of Electrical Engineering, Dong—A University

Abstract - This paper presents the structure design for optimizing
output power density and efficiency to develop a spoke-type interior
permanent magnet synchronous generator (IPMSG). To obtain the
optimal structure, the combination of response surface method (RSM)
and 2-D finite element analysis can solve the problem effectively for
reducing the volume of permanent magnets (PMs) and maximizing
the ratio between power density and efficiency. The effectiveness of
this proposed structure design is verified by the simulation and
experiment according to the comparison of the electromagnetic
characteristics between the initial and modified structures.
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(a) (b)
<&l 1> Flux line in the condition of full load.
(a) Conventional IPMSG. (b) Initial spoke-type IPMSG
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<E 1> Specifications of Conventional and Modified IPMSG

Item unit Values
Rated power [W] 3500
Rated Speed [rpm] 2600
Conventional Pole / solts - 10/12
(Developed) PM volume [mm?] 76
Cogging
torque [mNm] 400
Efficiency [%] 94.26
Rated power [W] 3500
Rated Speed [rpm] 2600
Pole / solts - 10/12
Modified
(Goal) PM volume [mm?] <48
Cogging
torque [mNm] <400
Efficiency [%] >95
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<E 2> Ranges of Three Optimal Factors and Values for
Minimizing PM

Ranges of factors (mm)

Optimal
Factors values
first calculation second calculation (mm)
PM, 17-19 17.5-18.5 17.5
PM, 2527 2.55-2.65 2.57
PM, 0.5-1.0 0.5 05
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<& 3> Analysis Results of RSM and FEA

Item Unit RSM FEA
Output Power [w] 3549.28 3547
Efficiency [%] 96.16 96.16
Cogging Torque [Nm] 330 329.31
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Bar, Bar,
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<18 2> Modified rotor structure and optimal factors

<E 4> Ranges of Four Optimal Factors and Values for
Reducing Cogging Torque

Ranges of factors (mm) Optimal

Factors ) - ] values
first calculation second calculation (mm)
Bar,; 45-6 4.95-5.95 5.6
Bar,, 0.2-1 0.35-0.95 0.55
Barg 0.3-0.65 0.35-0.58 0.5
Bare 25-45 28-44 40
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<@ 3> Comparison of the cogging torque
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<8 4> Flux line in the condition of full load. (a) Initial
spoke type IPMSG. (b) Optimized spoke-type IPMSG.

<E 5> Analysis Results of RSM and FEA

Item Unit RSM FEA
Output Power [w] 3569.486 3563.716
Efficiency [%] 96.402 96.398
Cogging Torque [mNm] 263.94 263.277
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