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Overhang Determination of Ultra-high-speed Synchronous Motor for
Hydrogen Fuel Cell Electric Vehicle

Jeong-Min Lee" - Jae-Hyun Kim" « Dong-Min Kim" - Jung-Pyo Hong""
Kyu Sung Choi” - Hyun Sup Yang” - Kyung Seok Cho”

YDepartment of Automotive Engineering, Hanyang University, 222, Wangsimni-ro, Seongdong-gu, Seoul 133-791, Korea
D ddvanced Component Team, Hanon systems, 95, Sinilseo-ro, Daedeok-gu, Daejeon, Korea

Abstract : This study investigates overhang effect of ultra-high-speed motor for hydrogen fuel cell electric vehicle,
and determines the final overhang length. The rotor shaft of ultra-high-speed motor is mainly made of stainless steel
material which can be safe from high mechanical stress caused by high rotation speed. However, it is necessary to
confirm characteristics of stainless material because it has different mechanical properties depending on the metal
structure. In this paper, the rotor of the motor is surface permanent magnet synchronous motor (SPMSM) type, which
is composed of shaft which is solid shaft type, permanent magnet and can. Material of the shaft is determined by
SUS630, which is safe from the target rotation speed. However, SUS630 has a relatively high magnetic permeability.
Therefore, it causes axial direction leakage in the shaft structure of the target model in which the shaft and the PM is
attached in the axial direction. To overcome this problem, permanent magnet overhang effect according to changing
the overhang length is applied to minimize the decreasing performance caused by the leakage magnetic flux, and is

determined to satisfy the output.

Key words : Hydrogen fuel cell electric vehicle(5=2> 1 5.7 7] A5}, Leakage flux(-722 A}<5), Overhang(2-H 3Y),

SPMSM (M +-23d o 52141 5 7] 25 7]), Ultra-high-speed motor (315 5 7])

Nomenclature

F: Magneto-motive force : A
L : length, m
R : Reluctance, A/Wb

Subscripts

g : airgap
1 : leakage
PM : permanent magnet

shorCista | IP:166,

S : stator

* -7 3%, B-mail: hongjp@hanyang.ac.kr
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Table 1 Stainless steel characteristic

Yield strength |Relative
- Metal structure
(Mpa) permeability
SUSs410 195 700-1000 w2 ElALo] E A
SUS430 205 600-1100 |HEFo] EA
SUS304  [205 1.02 S 2H ol EA
SUs630 1175 133-180  |A&74 39

Fig. 1 Overhang effect of initial model and leakage flux path
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Fig. 2 Back EMF by 2D & 3D FEM
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Fig. 3 Torque by 2D & 3D FEM
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Fig. 4 2D(left) & 3D(right) Equivalent magnetic circuit
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Fig. 7 Torque of 2D & 3D & equivalent 3D by overhang
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