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Structural Analysis considering Electromagnetic Force
on Motor/Generator for Flywheel Energy Storage System
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Abstract

Flywheel Energy Storage System(FESS) consists of a high speed flywheel with an integral motor/generator
suspended on non contact bearings and in an evacuated housing. Permanent magnet machines as the FESS
motor/generator are a popular choice, since there are no excitation losses which means substantial increase in the
efficiency. In this paper, the structural design method of rotor retainer for a high speed motor/generator are

presented.
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Fig. 1 Configuration of Motor/Generator
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Table 1 Design Requirements of Motor/Generator

B AFF
FESS A 7ol | 4| 5 [kWh]
FESHEE 15,000~30,000 [rpm]
Zdfold AARWE 5.6 [kg m"2]
TFEA 7F 3,000 [sec]
Aedd7] &3 20[kW]
& 3%
H o+ 29 [A]
A Ak ¢k 380 [V]
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Fig. 2 Sectional Drawing of Motor/Generator
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Table 2 Design Requirements of Motor/Generator
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Table 3 Mechanical Properties of Stainless and

Titanium
Stainless Titanium
Density 8 g/em2 4.48 g/cm2
Yield Strength 205 MPa 824 MPa
Tensile Strength 520 MPa 892 MPa
Z ok 1| 0.3 0.34
3 AI(E) 193 GPa 110 GPa
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Fig 3 Flux Density of Motor/Genetator
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2D ELECTROMAGNETIC ANALYSIS OF MOTOR/GENERATOR

Fig 4 2D FE Model of Motor/Generator

aNavs 7.0
oCT 21 2003
11:17:25
VECTOR
STER=1

SUB =1

030117
162026
293935
425844
.557754
. 683663
821572
953482
1.085

1.217

M000NEEEN

2D ELECTROMAGNETIC ANALYSIS OF MOTOR/GENERATOR

Fig 5 Distribution of Flux Density
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Fig 6 Electromagnetic Force at Rotor
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Fig 7 Stress Distribution of Stainless Retainer
by Centrifugal Force @15,000rpm

DHX =.467E-04
= S e
2D ELECTROMAGNETIC ANALYSIS OF MOTOR/GENERATOR

Fig 8 Stress Distribution of Stainless Retainer
by Electromagnetic Force @15,000rpm
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Fig 9 Stress Distribution of Stainless Retainer
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Table 4 Max. Stress and Displacement of Retainer

A. Stainless
@15,000rpm @30,000rpm
e IEEEIEEEEIEE LT
4412 | 10IMPa |0.019mm | 409MPa | 0.075mm
24714 21MPa |0.047mm | 21MPa |0.047mm
A4 H+
2712 122MPa | 0.065mm | 430MPa | 0.122mm
B. Titanium
@15,000rpm @30,000rpm
2 og2 [H e gl [ Hulse [H s
A4E | 91MPa [0.029mm | 365MPa | 0.12mm
A718 | 21MPa | 0.080mm | 21MPa |0.080mm
A4 H+
2}7] 111MPa | 0.108mm | 386MPa | 0.20mm

Table 5 Strength Margin of Retainer

Stainless Titanium H] 31
5432 | 204 MPa 687MPa | SHH& 1.2
Hol-&= | 430 MPa 386MPa -
Margin 0.47 1.8 10]7 kA
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