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ABSTRACT

A 100 Wh flywheel battery was fabricated and
demonstrated. Research was conducted on the element
technologies of the battery, a carbon fiber reinforced
plastic (CFRP) rotor and magnetic bearing control, with
the following outcomes. Burst tests conducted on the
rotor showed that its achieved strength was more than
80% of the theoretical strength. In addition, 25 000 -
50 000 rpm (operational speed range) cyclic stress tests
carried out at ordinary temperatures demonstrated that
the rotor is durable to 30000 cycles without fiber
breaking or delamination. The digital processing
technique of a speed tracking type band-stop filter for
automatic balancing control of magnetic bearing was
proposed. It was clarified that the stability of conical
forward mode decreases by a gyroscopic effect as speed
increases. The control method of magnetic bearing
providing low-vibration and stable suspension up to the
maximum operating speed of 50000 rpm was
established.

The results described above confirm the feasibility of
a safe and durable flywheel battery.
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Fig. 1 Outline of flywheel battery system
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Table 1 Performance target of flywheel battery
Max. power (kW) 15 (@25000 ~ 50000 rpm)
Max. stored energy (Wh) 333

Max. operating speed (rpm) 50000

Usable energy (Wh) 250

Operating speed range (rpm) | 25000 ~ 50000
Total weight (kg) 50
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Fig. 2 Press fitted multi-ring rotor
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Table 2 Mechanisms and inspections of fatigue

Destructive
inspection

Nondestructive
inspection
Breaking | Deterioration of | - Dimension check
of fiber - Young’s modulus | - Evaluation of
- Strength diameter during rotation

Mechanism Phenomenon

- Ultrasonic inspection Burst test
- Color check

- X-ray analysis

Degradation | Deterioration
of resin of strength

Delamination| Deterioration
of layer of strength
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Fig. 5 Burst test of CFRP rotor

Fig. 6 Broken CFRP
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Table 3 Conditions of cyclic stress test

Speed range (rpm) 25000 ~ 50000

Number of cycles 30000
Spin up/down time (sec/cycle) 60
Vacuum level (Pa) <10
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Table 4 Specifications of 100 Wh model

Max. operating speed (rpm) | 50000

Operating speed range (rpm) | 25000 ~ 50 000

Max. power (kW) 15 (@25000 ~ 50000 rpm)
Usable energy (Wh) 100 (CFRP ring x 2)
Natural freq. (Hz) > 833

Bearing type

5 DOF Active magnetic bearing
Brushless DC

Mot/Gen type

(a) 1st mode 872 Hz

(b) 2nd mode 1083 Hz

Fig. 18 Bending mode shapes and frequencies
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