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Loss analysis of a Flywheel Energy Storage System for an Energy Cache Operation
Kenta Tanaka*, Yoshiya Ohnuma, Takayuki Fujimori, Jun-ichi Itoh, Noboru Yamada

(Nagaoka University of technology)

This paper,evaluates a flywheel system of 15000r/min,1.5MJ, for an energy cache system. The mechanical loss is calculated
from the free-run test, and the copper loss is calculated from the measured current of the motor. As a result, the flywheel loss in
the steady state consists of windage loss of 33.5%,the iron loss of 54.8% for the induction motor. Therefore, it is confirmed that
the loss reduction for those component is important to obtain high efficiency for the high speed flywheel system.
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Vacuum case
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Fig. 1. Configuration of the Flywheel.
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Table 2.  Motor parameters.

Stator resistance Ry 19.0mQ

Rotor resistance R’ 21.6mQ

Stator leakage inductance L; 0.114mH

Rotor leakage inductance L, 0.117mH

Magnetizing inductance Ly, 2.09mH
s gL Ly R Ly
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Fig. 4. Fundamental equivalent circuit.
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Fig. 5. Connection diagram of the simulation.
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Fig. 6. Harmonic analysis of the line voltage.
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Fig. 7. Harmonic equivalent circuit.
B72%, & &K RKSICE O TH S 924 5K 13 (6)=0
TR51%,

HERRSICVETOIND s L &S0, YT
KBTS 27T L5 THERI(A-9)s 2R THIL
MTED, LnM>T, &K1 284 13(7)=0Z
FoTADEN5,

P =3(R, R, e )

Y 8 T WHA OGS EA T, TIT, FEHO%
HRIEFE A NS EDRITW T 2 H o FR kIS
WELHEELNWB LTS, #inEl kD, §§ %
M 283KW D55, 928%NWETHD, §F A DF

3.6



3 |_Harmonic coplper loss
"Rotor copper loss
—Stator copper loss
2
=
=1
8
-
| -« — — t1Iron loss
0

¥ 8 F% WA DG

Fig. 8. Electrical loss analysis.
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Fig. 9. 3D-CAD model for CFD analysis.
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Table 3. Condition of CFD analysis.

Pressure 30kPa
Temperature 25C
Fluid Air
Density 0.348kg/m*
Viscosity 18.3uPa-s

Numerical Grid 269494 elements
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Fig. 11. Flow and pressure visualization.
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Fig. 12.  Windage loss vs rotation speed.
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Table 4. Conditions for bearing loss calculation.

fo 1
fi 0.000566
. Viscosity v 20mm?/s
Bearingl1,2 - -
Pitch diameter d, 60mm
Rotation speed n 8000~15000r/min
Load P 300N
fU l
fi 0.000566
. Viscosity v 20mm?/s
Bearing3,4 - -
Pitch diameter d, 60mm
Rotation speed n 8000~15000r/min
Load P 166N
fU l
fi 0.000566
. Viscosity v 20 mm?/s
Bearing5 - -
Pitch diameter dp, 48.5mm
Rotation speed n 8000~15000r/min
Load P 112N
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Fig. 17. Mechanical loss analysis of a new flywheel.
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