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Abstract: Flywheel energy storage system (FESS) is defined as a high speed rotating flywheel system that can save surplus
electric power. The FESS is proposed as an efficient energy storage system because it can accumulate a large amount of
energy when it is operated at a high rotating speed and no mechanical problems are encountered. The FESS consists of a
shaft, flywheel, motor/generator, bearings, and case. It is difficult to simulate rotor dynamics using common structure
simulation programs because these programs are based on the 3D model and complex input rotating conditions. Therefore, in
this paper, a program for the FESS based on the 2D FEM was developed. The 2D FEM can model easier than 3D, and it
can present the multi-layer rotor with different material each other. Stiffness changing of the shaft caused by shrink fitting of
the hub can be inputted to get clear solving results. The results obtained using the program were compared with those
obtained using the common programs to determine any errors.
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Fig. 1 Example of the 2D model for DuRoDA
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Fig. 2 Calculation window for connection stiffness,
(a) Cantilevered beam, (b) Beam with
embedded curved end, (c) Beam with both
curved ends embedded, (d) Circular ring
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Fig. 3 Structure of DuRoDA program

Fig. 1914 @< A= FAE Shafts F 20
Mol eaxs Fio]l M, olF A& Flywheel
= 37He] 8 AR o] Huh o] £ HE Abo]
9] Hub® Connection Stiffness® ¢IZ20] =
Hubi= Shafte]l 4375+ Fej= Hr},

o] 714 Shaft?} Flywheel®] £4E FU3 93
of EAsEEE 7+ 27t e dolE JHAA
%¥+=t}. o, Connection Stiffness’} ¥ HEH+= F F
ol gk YA AR= Fdof st

Connection Stiffness® + FA|7} A3 =& F&

:t,)g
1%
[kl
it
[
uic)
=
22

1759

mEE =82H)

Basic Information

Project Name : |

Date:l

UNIT NO, MATERIAL | NO, ELEMENT | NO, DISK | STIFF.RATIO

WW[TIT,TW

NO. BEARING NO. CONNECT 7 FORMULAS | NO. UNBAL  ROTATE RPM

,—F W jEN.CULATE“ 0 ‘ [}

Dual Rotor System Information

MATERIAL | | GEOMETRY || Disk BEARING | | UNBALaNCE || AnaLvSIS
INFO INFO INFO INFO INFO CONDITION
SHOW MODEL [ COMPLETE INPUT ” RUN H
Result
STATIC cRTICAL LATERAL UNBALANCE
RESULT MaP EIGEN VALUE RESPONSE
=4 NUM

Fig. 4 Main window of DuRoDA

L1 L2 L3 La

D1 D2 D3

Fig. 5 Shaft & disk model for the verification
of 2D program

o
ol

2
o

Qeste] T H7A AAAHFE F
7] 918 Ao A8 J1Fel et Fig 29}
wol 47bA9) Gl Aol b5l el g
=

Fig. 13} 28 Al=glo| A & sl aed AMg
> Aol 2519 @ytolt}. o] F 3= DuRoDAC]
]

A Azd AAe A% R 2 Pl v4E
W 7 gzol BHRAES} FHA 25WH A
Apo] 2253

Fow Qo] LT )
DuRoDA®] 7]sE2 Fig. 3% 2 BE= +
dEel e Fig. 49k 22 vIql el thefA
7t MEoR TEHEL.

2.2 DuRoDA 54 AZS

DuRoDAE #Z3t7] fla] &% Eee Fig
59} o] Lalanne & Ferraris 22 (3)=, 3 7] A
Z e fz3as e vy Ao, B
do] wold 7HAS Table 10 A E A3 o]
T gl dis M= e #E e oW

EREREICE)

=z



1760

il

T54 - ol

Table 2 Specifications of the verification model

Disk D1 D2 D3
Thickness(H;) 0.05m 0.05m 0.06 m
In Diameter 0.05m 0.05m 0.05m
Out Diameter | 0.12m 0.20 m 0.20 m
L] =02m L2 =03m
Length _ > ’
Shaft L3 - 05 m, L4 - 03 m
Diameter 0.05 m
k=50 MN/m, k,,=70 MN/m,
Bearing kiy=kyx=0, cxx=0.5 kNs/m,
Cyy=0.7 kNs/m, cxy=cy=0
Elastic Modules = 200 GPa,
Material Density = 7,800 kg/m’,
Poisson Ratio = 0.3

Table 3 The critical speed of the verification
model in 25,000RPM

Critical speed (Hz)
Mode
™M FEM DuRoDA
1B 55.39 55.41 55.43
1F 67.29 67.21 67.24
2B 158.01 157.90 158.06
2F 194.08 193.71 193.97
3B 248.82 249.90 250.01
3F 404.60 407.62 408.38
Lalanne & Ferraris 225 o] &3 A&
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Fig. 6 Campbell diagram of verification model
(top: reference, bottom: DuRoDA)
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Table 3 Modeling information Table 4 Comparison of the results (Unit : Hz)
MSC.Patran | Ansys | DuRoDA MSC.Nastran Ansys DuRoDA

No. Node 49592 81537 112 1 982 107.5 06.2

No. El t 45371 25594 110
. ke 160.3 178.9 1715
Type Hex Tetra Ract .
3" 1,413.1 1,598 1,434.7
Time 927 sec 1,360 sec 2 sec

Fig. 8 3D model for common programs(left : MSC.
Patran, right : Ansys)
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