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Design and Experimental Evaluation of the Flywheel System for Compensation of Power Fluctuation

Kenta Tanaka™, Jun-ichi Itoh, Soya Matsuo, Yuji Saiki, Noboru Yamada (Nagaoka University of Technology)

This paper introduces the performance of a power leveling system with a 3.0-MJ, 3315-r/min flywheel energy storage. In terms

of cost reduction, this system uses low cost ball bearings and general purpose induction motor. Therefore, such a system

configurations occurs large loss during standby mode. In order to overcome this problem, low-loss design algorithm that focuses

on the mechanical loss is applied to the design of the flywheel. As a result, the flywheel loss in the steady state consists of bearing

loss of 28.3%, the copper loss of 22.5% for the induction motor. Moreover, charge and discharge efficiency is measured to

evaluate the prototype flywheel system. From the analysis, it is confirmed that the charging efficiency is 75.4% and the discharge

efficiency is 77.2%.
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Fig. 1. Configuration of a prototype flywheel system that

employs the general purpose motor and ball bearings.
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Fig. 2. Block diagram of the flywheel system including

the measurement system and the auxiliary device.
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Fig. 3. Low-loss design algorithm of the flywheel with a
focus on mechanical loss.
Table 1. Specifications of the flywheel which is calculated

from the optimum design.

Material SCM440
Radius 500 mm
Flywheel Thickness 65 mm
3.0 MJ at
Stored Energy
3315 r/min
Motor/Generator MLCI1115C
Inverter FRENIC 37G11S-2HF
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Fig. 4. Visualization of the ambient pressure of the flywheel
at the rated energy storage.

Table 2. Condition for bearing loss calculation.

fo 2
fi 0.0002
Viscosity v 17 mm?/s
Bearingl
Pitch diameter d,, 102.5 mm
Rotation speed n 3315 r/min
Load P ON
fo 2
fi 0.00025
Viscosity v 17 mm?/s
Bearing2 Pitch diameter d,, 70 mm
Rotation speed n 3315 r/min
Load P 2528.4N

Fig. 5. Equivalent circuit of the induction machine with

respect to the fundamental wave.
Table 3. Specifications of the motor that is used in the

prototype system.

Rated Voltage 200V
Rated Current 14.4A
Output Power 3.7kW
Primary resistance R, 1.01Q
Excitation current 7, 5.90A
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Fig. 6. Analysis of harmonic current at the rated energy
storage.
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Fig. 7. Equivalent circuit of the induction machine for

harmonic wave.
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Fig. 9. Comparison of theoretical calculations and

experimental results of mechanical loss.
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