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Analysis and Experiment of Energy Storage to 2-Axis Spinning Sphere
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Concept of kinetic energy storage system with 2-axis spinning sphere is described to improve energy density of
mechanical battery, i.e., flywheel energy storage system. Fundamental analysis with finite element method and the first
experiment of 2-axis spinning sphere are carried out to clarify the proposed concept. Analytical and experimental results
verify that the 2-axis spin makes it possible to storage kinetic energy by a factor of 2 over the conventional 1-axis
rotation for the same rotation speed. However, it is shown that the mechanical losses of the prototype system with a
geared-type 2-axis spin mechanism is approximately twice as large as the 1-axis rotation sphere. Exploring a novel 2-

axis spin mechanism with the least mechanical losses is a critical issue to realize the concept.
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Dependent Axis Independent Axis

Dependent Axis Independent Axis

(a) Coordinate system of 2-axis spin (b) Path line of point A on 2-axis spinning sphere

Fig. 1 Schematic diagram of 2-axis spin
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Dependent Axis Independent Axis

Fig. 2 FEM model of 2-axis spinning sphere
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Dependent axis Independent axis Dependent axis Independent axis

(a) Sphere (b) Ellipsoid
Fig. 3 Model of spinning object for FEM analysis

Table 1 Condition of FEM analysis

Radius, R [m] 0.5
Density(SCM440) [kg/m’] 7800
Sphere M — >
oment of inertia [kg-m"] 13069
Total number of FEM elements 42x10°
Length of major axis, La [m] 0.5
Length of minor axis, L» [m] 0.35
Focal length [m] 0.7
Ellipsoid Density(SCM440) [kg/m’] 7800
Moment of inertia on dependent axis [kg-m’] 4771
Moment of inertia on independent axis [kg-m’] 3138
Total number of FEM elements 2.1x10°
_ N, [min '] 0~1000
Rotation speed N, [min ] 0~1000
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Fig. 4 Stored energy of 2-axis spin as compared with 1-axis rotation
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Table 2 Specifications of experimental system

Material SCM440
Diameter [mm] 100
Sphere Weight [kg] 430
Moment of Inertia on independent axis [kg*m’] 586X 107
Moment of Inertia on dependent axis [kg*m’] 457x107
Material SUS304
Disc Inside diameter [mm] 130
Outside diameter [mm] 240
Moment of Inertia [kg-m’] 1.18X107°
Torque Onosokki TS-2700/SS-005
convertor/detector
Motor Unitech DTM-5230NS
Gear ratio 1:1

— 178 — © 2012 The Japan Society of Mechanical Engineers



2N A B ERA~D = RV X —RATEUC B3 2 TR L OB 2114

Independent
Axis

Torque meter

Disc

Dependent
Electromagnetic Axis

clutch

(i)2-axis (i )l-axis (iii )Disc

(c) Three experimental configurations of the rotating section

Fig. 5 Experimental apparatus of 2-axis spinning sphere
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Fig. 6 Photo of experimental system
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Fig. 7 Relation between mechanical loss and rotation speed Fig. 8 Relation between rotation speed and free-run time

30

25

20 F

15 }

10 f

Mechanical loss, W

0 1 2 3 4 5
Free-run time, sec

Fig. 9 Relation between mechanical loss and free-run time
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Table 3 Comparison of stored energy

Stored energy [J] Stored energy ratio
1-axis 2-axis 2-axis/1-axis
FEM analysis 14.45 25.76 1.78
Experiment 13.10 23.30 1.78
4. #& B

ARFFETIL, 2 Hili A B2 BRA~D T R LB — [T OV CTHENT & FZBR A 1T\, DL FOm A 157,

(1) AREREZHNMTICE Y, BRIROBERE AVNCEZRZ T S E D 012 2 dhieks (2 @A e )b
THZ LT 1 AL S i U CRERICIE 2 (RO R VIR ChH DH Z L xR L. O D,
2 HHEHR L TIE = R —DEPASEDOFENE VSIS Z L ZHLNNT L.

2) /MIDOFTA 2 AV U EREEAREL, EFPEEFRBRBIO7 Y —7 UEBRIC L0 I k¥ —%
B URESR, R e —& L7, ZhIcX Y 2 R IC L =3 X — 74\ B Cx 5 AR
PEDMENT & FEBR O T IZ L D RS-,

(3) L, ARIORIEEE CIEFTIHILORIRIC X 2 HiE 2 1 filieds & i L C 2 5L B H 0, 2 dilila]
HLIZ K DI RV X — DI ST LE 72, 2%V, ABFZETHE, =X —l7ET A
FhE L TOEMN EOBEAIEE CIIMRTE R -7, 2 BiEEMED A U v h&2TE)T 7O IR
DOIEBNAVETH Y, [BEAEEO TRPMNIETHD Z LRI N,

| F33
ARHFFEOREE D—ER1L, B AR B AT 7E B Rk FE 4Bl 4 (FRERAT S ZEATZE) (No.  23656602) A BBk
IRA~DOME B FE = 2L X —RPs T OB% « 7 T4 R A — L OZilElE ) I2XA 6D THhHZ xR, #E
ERLET.

— 182 — © 2012 The Japan Society of Mechanical Engineers



2N A B ERA~D = RV X —RATEUC B3 2 TR L OB 2118

X 3

(1) FEmgReE, /INEFBLR, ILHS, “7FA KA =N T3 F—Apk & BB B EA~OISHICBET 20587 , B AK
WP B W, Vol 70, No. 697 (2004), pp.244-251.
(2) BIAST, miEE, M, BN KB, 7 A BA — L2V T v FEXHBIEORRE” ,
B AT SR - PEREE IS MG RIWTFE iR SCER(2000), pp.89-94.
(3) B. Rachmanto, K. Nonami, K. Kuriyama, H. Shimazaki, T. Kagamishi and T. Moriya, “A Study on AMB Flywheel Powered
Electric Vehicle”, Journal of System Design and Dynamics, Vol. 3, No. 4 (2009), pp.659-670.
(4) TTNE, EfaE, 7 7 A RA — L 3L X —RpiEIc & 2 BRI NA BERORIE” | B HEkE
#a - PEZETE S G R ZE 8 R SCEE, pp.83-88,(2000).
(&) Flg—, fgrEE, HHE, BT, “ENEEH T 7 A R —07  BAEESE 8 [HIE ) - =L
i RY U Ll CEE, pp.365-368.
(6) J. Kobuchi, K. Oobayashi, R. Shimada, “Windage Loss Reduction of Flywheel/Generator System Using He and SF6 Gas
Mixtures”, Proceedings of the 32" Intersociety Energy Conversion Engineering Conference, pp. 1754-1757.
(7) FHEfEsE, BARH, MEE, “EIlR7 74 KA —L~OIuH%Z AL Lizu— Lo JPRIRS s OBR%E”
HA AEM 2338, Vol. 17, No. 2 (2009), pp47-51.
(8) J.P. Lee, B.J Park, Y.H. Han, S.Y. Jung, T.H. Sung, “Energy Loss by Drag Force of Superconductor Flywheel Energy Storage
System with Permanent Magnet Rotor”, I[EEE Transactions on Magnetics , Vol. 44, No. 11 (2008), pp. 4397-4400.
(9) A EEE, #OLBE, BIOREIL, REEEEE, “mILEEEE LT T A S —L OB, HAR AEM F2EE Vol 17,
No. 1(2009), pp.132-137.
(10) WEHPE—, “Z 2 F TRIEZKRMENRMOMERE FPRER” , AT 7 X< - Rl G753, Vol.80, No.7(2004),
pp.572-577.
(11) B. Bolund, H. Bernhoff, M. Leijon, “Flywheel Energy and Power Storage Systems”, Renewable and Sustainable Energy
Reviews, Vol. 11 (2007), pp. 235-258.
(12) Beacon Power Corporation, “Smart Energy 257, Sustainable Energy Storage Solutions for the New Electricity Grid,
http://beaconpower.com/products/smart-energy-25.asp (8 H 2012 £ 2 A 4 H).
(13) S.Y. Yoo, H.C. Lee, M.D. Noh, “Optimal Design of Micro Flywheel Energy Storage System”, International Conference on
Control, Automation and Systems 2008, pp. 492-496.
(14) BERGEE, “FEHMAKR, ILHF, PORE—, “TxXAF—Fr v a2V A7 LAAEEE S Y 7 U —ORMERHE, A A
P AL R R B ER 48 IR 2 - R AR SC2E(2010), pp.225-226.
(15) J. Haruna, K. Murai, J. Itoh, N. Yamada, Y. Hirano, T. Fujimori, T. Homma, “Experimental Evaluation of a High Speed

]

7]

i
B

Flywheel for an Energy Cache System”, IOP Conference. Series: Materials Science and Engineering 21 (2011).

(16) HPEER, KBEh, BASE, Ot —, IWEA, ‘=X —Fv v aml} 7 74 KA —VOBRESEE |
RPN ERE A - B — 2 — BT A TR FIFE SR SR Q2011), pp.61-66.

(17) J. Cibulka, “Kinetic Energy Recovery System by Means of Flywheel Energy Storage”, Advanced Engineering, Vol. 1, No. 3
(2009), pp. 27-38.

— 183 — © 2012 The Japan Society of Mechanical Engineers


http://beaconpower.com/products/smart-energy-25.asp�



