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A Study on Loss Reduction of Flywheel Motor Generator Using Planetary Gear

Keigo MIYAMOTO™ and Shuhei KATO™ *

Electricity storage technology is essential for the widespread use of renewable energy and the realization of

nuclear fusion power generation. Currently, the mainstream electricity storage technology is battery-type, but

it has various weaknesses. Therefore, we propose an electric power charging and discharging system that

combines a flywheel and a motor generator. A flywheel is a disk-shaped rotating body that can convert

electrical energy into kinetic energy and store it. Two types of flywheel devices (a direct-coupled shaft device

and a device equipped with a planetary gear mechanism) were manufactured and mechanical losses were

compared through free deceleration tests. The results showed that the device equipped with a planetary gear

mechanism can reduce total mechanical losses by about 10% compared to the direct-coupled shaft device. In

addition, a breakdown of the mechanical losses showed that windage losses accounted for about 70%.

Furthermore, the effect of reducing windage losses by using Helium gas was examined.
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Fig. 2 Charging and discharging system with
flywheel and planetary gear.
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Fig. 3 External appearance of the planetary gear
mecha-nism used in the experiment.
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Fig. 4 External appearance of the 1-kW class
experimental verification of the proposed system.

Table 1 Specifiations of the 1-kW class experimental
verification of the proposed system.
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Fig. 5 Results of charge/discharge experiment
from infinite flywheel using planetary gear by
controlling ring gear speed.
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Fig. 6 Results of control shaft power of ring gear.
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Fig. 7 External appearance of the flywheel system.
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Table 2. Photophysical data for complexes la-e.
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Fig. 8 Free run test results of the flywheel systems.
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Fig. 9 Free run test results of the flywheel systems.
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Fig. 10 Comparison of mechanical loss factors.
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Fig. 11 Rotation speed mechanical loss characteristic
curves of planetary gear equipped system.
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_5_



5. £&

7T A KA = L BEFEREO MG EAG L 7o%E
B &0 b & e o LA Tk L 72 E O 8
EREMAR R 249 10% e THh 5 Z L 23b o
7oo TNEY, BEREHRONEHEZL IR,
7 I A KA =NV ONEEEEE S HEEDE L T b &
W2 5, BENFEERODIETHEE 2K IR 5121,
T IR =V EEBHFEROME FTIHORL S
B Z WX EETH S, LAL, 77454 —
V& BEFEEROME & [FL.OMICTE vz oRE
BPREELTLE D). 72, 754 K4 — ol
BRI EOWERFT L2 T e & v, i g EE
B ThhienhTh oo, EE)sEER
O iz B OARHAL, FiE D3 237 MEASHRET
Hbo Hik L7z &) ICHERREEEIEREOA4 — b
<F v 7 HOREERL NI YN, T v FHE(Z
BERINTVSE Z L OBAFORGOMEHATHET
HHRIZA) v IBBH B, BT, 7IAKA =N
EEBEEROMEEE IV O EEL TEZ LI LW
WHEZR 720, 794 KA — VOl #EEE 2 w5l L
T R R O e BUE XETAE T T EE) R
PO MIRAEE KR & LTI 2 MR 5 2 & 5T
&%,

SHRATIBEOKERS % 5 B RT3 A R
s KA 2 B2 L 1) 50T - KRB E OB
D He A % LEBMGEES 5 T ETH %,

SE MRk
1) SRS WEROBLRSE, Hridsg)r i) -

FANRBIAVEF -2 Mneg <, HBREMICH
b H#EESG, 2024 4E /4% (2024), ppl6-17

3)

4)

5)

7)

8)

9)

10)

11)

P TR Y A T 2B 287 — 7
O—], 77 X% - KGR Vol80, No.7
(2004), pp 559-562
WSHEE— © [EER D 2 WIREEK ], EAFER
Wk, 123%, 57, pp275-277 (2003)
H. Chikaraishi, M. Arimitsu, Y. Wang, S.Uemura, R.
Shimada: “Fast Re-sponse Power Stabilizer using
the AC-Excited Flywheel Generator”, IEEJ Trans.
I4, Vol. 113-D, No. 11, ppl254-1261 (1993) (in
Japanese)
B - MG [RUERATES (k) Mo BHHH
774 KA - VIEEEEHK] =EERSE
63, 8, p.60 (1989)
M. Murayama : “Design and Implementation of DC
Pulsed Power Supply Employing Self-Excited
Induction Generation and Flywheels for Toroidal
Field Coils of a Tokamak Device, PLATO", I[EEE
Trans. on AS, Vol. 30, No.4 (2020)
Mg, f:[77 484 - VEEREKILD
BRACPR R & o v ¥V BRI RICX S
UPS, & D127 %, 8%, pp.844-850 (2007)
g [ 794 R4 — VEBFEEKO LB
~NOIGH ], AR PESEIS R ARk
240 HEp AR MEFE S, 2022 4F 12 1
I, At [ R 2 R 727 T4 R4 —
VEBFEEERD ) 7 X7 s ERIEC X 5
TR |, BRAREERE, 4-180 (2023)
BRI ES [ RO BB HEO L AL <A F
Y AR, ISBN : 4839978816 (2022)
Ajisman, “A Study of Loss Reduction of Flywheel
Energy Storage System”, B 5t T3 K718 -5 3L,
2001.

(R6.6.17 %3)



Biographical Sketches of the Authors

Keigo MIYAMOTO is a master course student of Department of Electrical and Electronic
Engineering, College of Industrial Technology, Nihon University. He obtained his bachelor’s
degree of Engineering in 2023 from Nihon University. His research interest is uninterruptible

power system with flywheel energy storage.

Shuhei KATO is an associate professor of Department of Electrical and Electronic
Engineering, College of Industrial Technology, Nihon University. He received his
Doctoral Degree of Engineering in 2009 from Tokyo Institute of Technology. He
received the IEE] Excellent Presentation Award in 2006, 2008, 2018, 2019. His
research interests are flywheel energy storage, widespread use of renewable energy,
and automotive power converters.






