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Rotor Design of Ultra-high-speed Synchronous Motor for Hydrogen Fuel Cell
Electric Vehicle considering Mechanical Stress

Jae-Hyun Kim" - Dong-Min Kim" - Jeong-Min Lee" - 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 : In this paper, the rotor design of ultra-high-speed synchronous motor for hydrogen fuel cell electric vehicle
considering mechanical stress is carried out. The rotor consists of shaft, permanent magnet, and sleeve. Airgap magnetic
flux density, which determines the electrical characteristics, is calculated using spatial harmonic analysis. The
mechanical stress was estimated using the equations calculated from the equilibrium equations and the safety factor of
permanent magnet and sleeve are calculated based on the von-Mises theory. The rotor is designed to have a safety factor
of 1.1 or higher at a maximum speed of 110krpm and a driving temperature of 200°C, while satisfying the target airgap
magnetic flux density. Then, airgap magmetic flux density and mechanical stress of the designed rotor were verified
using finite element analysis.

Key words : Hydrogen fuel cell electric vehicle(5=4> 915 2] 2} =}), Mechanical stress(7] A1 -8-2), Rotor
design(&] A =} 2 A)), Ultra-high-speed motor(Z 114 215 7])

Nomenclature Lee: Tecoil permeability

@ : angular velocity, rad/s
a : outer radius of shaft, m p: density, kg/m®
b : outer radius of permanent magnet, m
¢ : outer radius of sleeve, m Subscripts
&' interference, m
o' stress, Pa I : airgap region
7 : radius, m II : permanent magnet region
v: Poisson’s ratio FE, m, c : shaft, permanent magnet, sleeve
u, : radial displacement, m
M : magnetization, A/m

@ : magnetic scalar potential, A

7 : radial direction
O tangential direction

* -7 3, E-mail: hongjp@hanyang.ac.kr.
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Fig. 1 Configuration of rotor

Stator

Fig. 2 Space harmonic analysis model

Airgap magnetic flux density (T)
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Fig. 3 Airgap magnetic flux density according to PM
thickness and sleeve thickness
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Fig. 4 Free body diagram of infinitesimal element
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Fig. 5 Safety factor of PM according to PM thickness and
sleeve thickness
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Fig. 6 Safety factor of sleeve according to PM thickness and
sleeve thickness
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Table 1 Parameters of designed rotor
Parameter Value (Unit)
Shaft radius 5 (mm)
PM thickness 6.7 (mm)
Sleeve thickness 1.6 (mm)
Safety factor of PM 10.7
Safety factor of sleeve 1.11
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Fig. 8 Airgap magnetic flux density of designed rotor
calculated by SHA and FEM

Table 2 Safety factor of PM
analytical method and FEM

and sleeve calculated by

PM safety | Sleeve safety
factor factor
Analytical method 10.70 1.110
Finite element method 10.48 1.107
Relative error (%) 2.10 0.27
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