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ABSTRACT

A 500Wh class high-speed Flywheel Energy Storage System (FESS) driven by a
built-in BLDC motor/generator has been designed, which runs from 30000 to 60000rpm
nominally. Due to the motor/generator inside, the flywheel rotor made of composites
supported by PM/EM hybrid bearing system has a shape of bell or pendulum and thus
requires accurate rotordynamic analisys and prediction of its dynamic behavior to
secure the operating reliability. Rotordaynamic analyses of the flywheel rotor-bearing
system revealed that the bell shaped rotor has two conical rigid-body modes in the
system operating range and the first conical mode, of which nodal point lies in the
radial EM bearing position. can adversely affect the dynamic response of the rotor at
the corresponding critical speed. To eliminate the possibility of wild behavior of the
rotor, two guide bearings are adopted at the wupper end of the
motor/generator. It was also revealed that the EM bearing stiffness of 0.5~1.0E+6
N/m and damping of 2000 Ns/m are favorable for smooth operation of the system

rotor and

around the 2nd critical speed.
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Fig. 1 Schematic drawing of a 500Wh flywheel
energy storage device

Fig. 1€ @A 73d A" goz st
H3 e 500 Wh AF8&%F9] Az HAAEZEEI 6
T rpm, HA 4A&EE 3% rpmtl 1E, &2F F
gtold U AFAXNZA, EFAZH AFA
g 93 FF(hollow) EFA ZEHE LFrFE
o2 A4, F9 ¥ F7ANY w3 27
ol & wix)etm, Ve 1709 Axr)woid
e AME FE/5% EY¥F wlol™ (hybrid bearing)
< A3 on), Azpr] wolde vjzF JHE
nstd 2E 9 AT 9 AFTAr] A hiiw)
o] & (guide bearing) < AA|3Act. B Feto
4 ZEE a9 44e8E Has & F 3
TE N2 o9& 279 EFM(E-Glass/ Epoxy,
T800/6005 Graphite/Epoxy)& °©] &% o|&Fx
2 A=A

Zgtoldle] FTFE YA e AAALA € Az
2l A ¥ (outer rotor type) BLDC HE7|& Z=&t
o]g Yol AP ed o wiFEo HA ZEs}
%% (bell shape) ¥ JA(pendulum) F=H F
& A HUG. ol FRoAMe AFdA 9
AFR=2 Qs 3o A" BLDCY =93
4 rubbingel YA Jon2 FAHEH HME
B 2 A8 E AF3ste= Aol FLdH 53 &
W 5tFE A A7 FFANE AV A
& TEAHCZ A2HY IAWE FEAHS BEUAHS)
A 3= & (negative stiffness)o] LAIEZE o

—_

82 /8= 22 TESZEEX/A) 8 A Al 1 5, 1998

2 A2AAD Alzwle) BEA &M mslok
°J7éfa Alzgle]l AV 75 d Aoz #AGHT
E =2oME o3 $E/5F £8Y Aol
of Y AAPeRe] A Zetold ZEH FY
&a A Ao s 71&stnAt gt

2. Ealo|E ZE|o] YHSE WA

EZgtold 2H A WA AARAL HIET
9 rpmell A 74 &A% (rigid rotor behav10r)€

- :}Ti“ﬁ—%

|
|
|
|
|

Fig. 2 Rotordynamic modelling of the
Flywheel rotor-bearing system

Table 1 Geometric dimensions of the Flywheel
rotor-bearing system

Inner dia.{(mm) 90
Compoite | 101 dia. (mm) 234
rotor
Length{mm) 280
Inner dia.(mm) 70
M/G Outer dia.(mm) 90
magnet
Length(mm) 200
Al shaft dia.(mm) 40
Total length{(mm) 395
Total mass(kg) 24
PM axial bearing location (mm)
16
from the upper end
EM radial bearing center location 55
(mm) from the upper end




Zehold oA ARRA HAAA FAA 4A D a4

dx2 e Ao, ole ZEHI VHEAF
(flexible shaft behavior)® & 7%, Fig. 1%
ol 17§el WtAEF HWojgo2e 1 AFE Ao
g 4 gl7] Wielth. dukzo s FAAY Hu &

1st Free Mode Shape(83408rpm)

Relative Deflection
4
4

l|II1l‘ITITTIIIIIIllll[l[lflfll[lllllII

000 005 010 015 020 025 030 035 040
Axial Position(m)

Fig. 3.1 The 1lst free-free mode of the flywheel
rotor
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Fig. 3.2 The 2nd free—free mode of the flywheel
rotor
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Fig. 4 Undamped critical speed map of the
flywheel rotor-bearing system
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Table 2 Estimation of the angluar stiffness

and lateral negetive stiffness of the
PM axial bearing

3.825x 108
—1.125 x10*

Angular stiffness (Nm/rad)

Lateral negative stiffness (N/m)
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Fig. 5.1 The 1lst conical mode shape of the
flywheel rotor-bearing system
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Fig. 5.2 The 2nd conical mode shape of the
flywheel rotor-bearing system
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Fig. 5.3 The 1st bending mode shape of the
flywheel rotor-bearing system
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Campbell Diagram of FESS
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Fig. 6 Damed critical speed map of the flywheel
rotor-bearing system

Table 3 Damped forward critical speeds at
various EM bearing stiffnesses
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Unbalance Response at Upper End Point
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Fig. 7.1 Unbalance response of the flywheel
rotor-bearing system at the upper end
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Fig. 7.2 Unbalance response of the flywheel
rotor-bearing system at the EM bearing
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Fig. 7.3 Unbalance response of the flywheel
rotor-bearing system at the lower end
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2nd Conical Peak Amplitude at Upper End Point
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Fig. 8 Peak vibration amplitude variation of the 2nd
critical speed with respect to the EM bearing
stiffness and damping coefficients
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