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Experimental Study on the Dynamic Behavior
of a 500Wh Flywheel Energy Storage Device

9T A AFT FH A
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ABSTRACT

A prototype of 500Wh class flywheel energy storage device was designed and
manufactured to check the previously predicted system performance. The system
was intentionally designed to show rigid body behavior up to the maximum oper-—
ating speed of 60000rpm and to have its 2nd rigid critical mode, of which nodal
point lies on the flywheel center of mass, around 4000 to 6000rpm with radial
magnetic bearing stiffness of l.e+6 N/m. Numerous experiments on the system
behavior showed that the PM axial bearing, designed utilizing a commercial code,
acts as resonably as predicted and, most importantly, the system becomes stable
after the 2nd critical speed. The EM radial bearing, however, was found out to
have orthotropic property with much less radial stiffness values than expected, so
that it was observed that the 2nd forward and bacward critical modes were excited
at 310 and 590rpm respectively with larger vibartion amplitudes. Thus, in order to
improve the system dynamic behavior, the EM radial bearing is currently being
re~designed so as to get bigger stiffness and, in turn, smoother operation of the
system.
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Fig. 1 Schematic Drawing of a 500Wh Flywheel
Energy Storage Device

Table 1. Geometric Dimensions of the Flywheel
Rotor-Bearing System

' Inner Diameter(mm) 0
Compoite Outer Diameter(mm) 234
Rotor
Length(mm) 280
Inner Diameter(mm) 70
M/G ;
Outer Diameter(mm) 90
Magnet
Length(mm) 200
Al Shaft Diameter(mm) 30
Total Length(mm) 395
Total Mass(kg) 25
PM Axial Bearing Location 16
from the Upper End (mm)
EM Radial Bearing Center Location 55
from the Upper End (mm)
He dd 92 AFLAV] Add  uuolg

(Guide Bearing)€ A& EGA Eeo|d
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AU, Eeolde FHE A dAFY
{Outer Rotor Type) BLDC RA%7)1E Z&ojd 4
o FAsdEd, of #Ed ¥4 =HE F
(Bell) E=& ZAHPendulum) 2] FZE ZHA
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B Magnet/Coil :
- Pole face area @ 480 mm®
- Air gap : 06 mm
- Turn 4 : 100 turn/leg
- Offset current : 2 Amp.(x,y FY)
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Fig. 2 Photo of EM Bearing
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Fig. 3 Closed Loop Flow Chart

ke=1800 v/m

B Sensor gain :

B Power amp
~ Chopping freq. : 20 kHz
- Input Voltage range : 5 V max

- Gain : k,=0.5 A/v
B A/D converter :
- Gain : k,=819.2 [digit/v]

~ Sampling time(h) : 10 kHz
B D/A converter gain © kg =0.004 [v/digit]
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Fig. 4 A x&y-Directional FRF of the FESS
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Fig. 5 A y-Directional Gap Signal for Damping
Ratio Calculation
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Fig. 7 A FRF at the High Frequency Region
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Fig. 8 Rotordynamic Modelling of the Flywheel
Rotor-bearing System
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Table 2 Estimated Radial Stiffness

ZRAF 2 A5
(N/m) {Nsec/m)
g papA | Xk -1,647 0
vl Y x| yhak -1,647 0
AxA (XD 8000 71
ol P | yurgk 25,000 113

g

\

Natural Frequency,

1000, 10000. 100000.
Rotor Speed, pm

Fig. 9 Campbell Diagram of the FESS

Fig. 11 The 1st Bending Mode

Fig. 12 Unbalance Response at the E/M Bearing
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Fig. 13 Direct Amplitude Plot obtained from
y-Directional Sensor of E/M Bearing
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Fig. 14 Cascade Plot Obtained from
x-Directional Sensor of E/M Bearing
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Fig. 15 Trend of Orbit Plot

Table 3 Sumary Analysis and Experiment Result

ol &3k A8
T
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A9 s
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om) T
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23 ¥4
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