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Fabrication and Performance Tests of Flywheel Energy
- Storage System using High Tc Superconducting Bearing
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A prototype of Flywheel Energy Storage System with high Tc superconducting
bearings was fabricated and tested to verify its applicability for the energy
industry. The moment of inertia of assembled wheel with rotor magnets is about
1.072x10" Kg-m’. The wheel was designed to withstand its integrity up to the
rotation speed of 20,000 rpm. YBCO bulk superconductors prepared by seed
growth method were used as bearing to levitate and stabilize the rotating wheel.
High speed rotation of the flywheel without mechanical contact was achieved by
using specially designed Halbach type motor. The flywheel system showed very
high' stability during test operation performed up to the speed of about 10,000
rpm. The energy loss measured by free decay test performed between 9,300 rpm

and 7,000 rpm was calculated as about 45 W.

1. NE

A953e 588 o7 AANE AY A8
of $43 BAAY FAY Al Bast ¢
3 veish 2ol 23 2ol ojeie 4AY 2A
o wZel @ B¢, WA Y Fad 2F A
¥¢ H2s) 2ES TG + U A%l
ulgolol Bk & BY BNFo] £2F noh

& A% g AYL AR, FRY¥0] B

o g% N

A% A8L FIEA HE 2 /g dAdL
o A ANE Q& F Joenz vis A
AZeln, F4L B3 + Utk EF LAFR
Ay AFFA AS AYy FAL ¥ AF
F 913, AZE qUAE FL AL BEde
A% 5L 288 92 £ e FHES /G

YBCO 2AEA Y B4 54L& o]83toq &F
qux gz JUAE AFZsE A% 7iAF
vhge] % ojuAEde] A 3, AVl
2350 TYHo] dFo] wAHEz FEH

tu Jo

-310-



AAAl FA flol GASA A2 E THY
F Atk ol o] AZA Y EAHE °l83o
Z ol Mojgom ALS3E ojux] &40
A3, $A Wol g duix AFFAE A
€ = gloh

B =2dMe duA A3, 2dx Feol
g A9 A HAF YBCO ¥ 2AEA, ¥,
a4, agn Y43 2L 294 7|ES MEsA
o, oj3A AzE FAE 4 -3} 21 F
AAY ARE Jlestdth

2. Zajo|d x| XM=

2 d7dA AFstaz ste £l A
Y $80] 5EE JAEEE BE &
o] 7] 2 FFE 59 AFNHUAE 34 33,
Halbach AAE ol&de FZTAXNE oj8sly
3 FE5AA ALl JAE ol £4& AAS
o duyA AF E&L Eolux Yt AFH
235 Zgold A" AFHA Fx= 2Y
1 3 Zo] IFR7], 2A4=4 2 I, &,
Halbach 7532 F/450o] .

window

stator —

feqdthrough
vacuum =

vacuum out

bellows '

a9 1 24 %3}012 &2 NgF=

FE8rle 24 87124 2HAH2 292

Z3on, +d F UFE AFTYEHZ 74
At LH—’?—% FELE e olfre 3d Hol »
—é.‘-e_ 710 4 ntF Edg o)

o]ui, f’.} ZAEAE YA E §7)
g AgezH Y2E gL gol7] A3
CAeez YzE 2AEA BFE7)9 9

R 3717k ' AS 37 59 FEo] &71%
"E Alolel F& T3l dojEA s o HA

S oldA st AFLr) Yo windowE A
7‘]?5}04 yxe He HHE #F T ¢ UES
a3tk

ZAEAE YZA77] A% 48719 ™
2 % 1 mm FAZ /1E8d EF 2P=A A
ol AL A4S AT A=A E 9
ZA7171 98 Y4871 FEHo] e inlet
port £ AAALE FFIIL, outlet port oA
Uee A9 Aphase) & Fste] ¥z e
g dqAgt o &7 UlRdle  seed growth
wpgog AZ B Al el YBCO A=A bulk
EL cutter E A23 AL grinding 34, &
71 B HUg B wIL AAIES ug
stk ol¥A 71F8 $ 32 /49 XAE brick
B2 g5y E9E BRI O FEA FAE
AHEEt] A7 23 cm 9] 2H|QEE 29 ol
AIAND ¥ 87] <ol 28 2FFUG o] ¥F
&7l 87t AFolx, YiRe B¢ oo,
°F 77 K 744 %‘Z}E]“i £718 9449171 9
3 indium €% seal & AME3 ).

WzHg71e] AR o Eo A A 9
g ac lossB HAZEr Y3 vlxpAgAd SUS
3108 AM&3tA

3.8 ®= Y NE o]

Eetold A9 AFuAe 4 1 7 2o
AYgHBE JqUAE E°)7] YeiMe A
g 34 sz 24 2 9 e 3H B moment
of inertia & =4} 3}odoF Fir},

E=11. 4 &)

L= [ Pdm %)

rio
AL
o X%

2 & o an o

A7 0 € HBLEE, m & A,
BaFe] smolch 4 2 oA 5‘_ l'il%ifﬂl
A 37 HsiMe 89 AF ,
&o] Zolg ZA #ob dck @74] BEE o
Wh ¢ Ag4%e 2ES sen, 19

-311-



Ze Yuo 8¢ AFRE

g, B4% A4, a8l FFL Halbach
rotor A4¢ XEF A FFE oF 135 Kg
o2 sQomn, [DEAS H4 coded ol &3t ¥
o] HA inertiag A A3 1.07X107 kg-m’
E A& £ YAtk o] e inerta & 20,000
pm AL &= A¢ 66 Wh oluAZt A3
4 sich 89 AL ¢FUFEHF FEFULS
A28l ET) Ac loss BdlAE BElE Aoz B
ojul, o]F FRP ARE AT A& tulsty H
%% ¥Z ¢ 2 A5E JAEAG

a9 2 A%Y 89 ¥4

I-DEAS code § AH$3t9 A &% 20,000
rpm o] WF YojHe SHEXE Ak
a9 3 dA BEo] BAE JEAHe] g
Ho) ¢3¢& ¢ 150 MPa A=oln, o) 43
& HUYeyL o 220 MPa IER EZF AR
3-8 29 ojule golBE 20,000 rpm oA &
o] 'BA Ao o3 AL FE o=
gt A A Hd d¥FS 02 mm IR
)& 8HA A=A

Y3 2ASA AloldMe AERHE =AM
7] $18) rotor A4 H support FE-& A2

o 83 Kg Ax9 8¢ A3l ou] A¥e >
&t Qqch. Hammer & 0|83t 0 oA 3,000
Hz 7AA 22t 3 w33 & Bgez 7133
Zk B g Fog IEE AWEYT 5
g TAAFFE 1225Hz (735 rpm) oo,

#21%
238 § W FAHAFE P de
| &

A}z 7t& F HE £ o

2211408
1.98¢40:
1.7
155040
1341408
1. 120409

9.04+04

s.0004
2700504
2.5%04

1.5

a2 3.20000 rpm &3 F ALY ¥9 &9
X 4 #39 ¥3 2

28 4 € F 28 738 A4 £X FH)
. duo] AXE FAY 4749 ring AHES
w7 wgow M2 NSNS 7} §E2 w38y
2 WwFoz ojgg WANAUT ¢4F 2749
ring 42 7ol o} Zzt 1 AR JHESA
oy, vhg% 27) ring AL 19 4 & o] =
ez 24HAh '

Iy 4. BAE ring type 9] A EX

okZ 27} el BHoAM 2T AUFE 47
4200 G, 4,400 G A& gon upg 2749 A&
e ANERE ZYHY Qo 2479 A
sl Hu 4300G, A& 3,400G, 18n T
sue o 3,500G, 4 2500 G 2 FAHA

-312-



k. A% W3t A9 1,000 G F=E vl
Z gojug, 3A A & ac loss § & 9uA
&£4L 713 Aoz gAEHUT

4. 7% =

TE3X A e JAAQA vtF &4S
AAsZ A48 71AH AE wolAg A Y=
Halbach array 7+3¢] motor /generator & A&
39ty 29 5 & #3 =Y g Halbach Wig
GFANES 2 AH9 A7|F BE¥E Bd F
I ey, o] AYE URde df ddg 2 5
ZAA7E A ek 71E ®ol AHEHI e
dwr Yo} AWk AN Yo vl FL A7)
e 44L& 4 93, & FFE €¢ 7 JeE2=
34 4AeL, ac loss 7} Fo} {2 &

2 425 Stator & & WY¥eE AFI)
=2 Adstd Iy torque B L& F AU

A

b fob |
jn jo

(b)

9. 5 (a) 7%8& Halbach arrayald] %9,
(b) Halbach A=} ¢] AXEE (2F)

Ad

5. 28 54

Jm

Azg Seolde AL st
A ANEE FEHT &3 T wEA JAdde
o) ojgHE BY W AFe=
Zo] Fx EYl 2P TUE B
FR3At M= o FHE A8t vlg
olg 7tsAdE #YY + e WHE A7
3, BHsE AS F/AE & ez E9
oldo] zte Ad AR AUAE FUY + AN
. &3 AP 48 W9 488 FI =284
A 28 F/HAIEAM SRR

39 6. 23= Edojd 3 ¢ o-H A4

4 e oS 2o FA Lo e
bellows o] Eol& A} A=A B &7
% 8-10 mm $jol g XA o] ¥ AFE
71E B2 WRE AFoR UHE F, ¥Z £7)9
45 psig g2 YH H42E FFEt F 40
T A=W A=A FES B4HY, od 43
2928 9A3] Wz o] field cooling AEE
5 AT Eold AAXNIEE g o] F
Totating systemg 715 AlA & AU

HAMA & Hd £x& ¢ 10000 rpm 3
Eoln, ol Z7]d 4AE 4 20,000 rpm £}
1/2 A=t} 10,000rpm o] 7S XAE Felo]
go] zt= AR duAE o 16 Wh F=Hth ¢
ExojA Ho FHL uie AFfHFeH, WA
ANzd3 e JjAFdes BelFo Jemz
A YRME A ofFA JFE AL + «
ATk 20,000 rpm 749 EHE e ojgg ¥
AsAY, ZAY F e A% E¥lE T 53
g Aol

-313-



a9y 7 & Zehol¥e o 9300 rpm A A
A F AR B3 glo] free decay A2 1Y
otk 1@ 9,300-7000 rpm A}o]g] ofjfz]
£42 oF 45 W FEZ AMHASD. o e 7]
AFA FFol gle AN F3E F2=2e
g Z goz AzEH, o FAE A4 A
7189 & B A5 93 ac loss o FAHE
Azrart, 989 #H$ pivot bearingg REFEZ
A8 100 Wh 3 23 EZdold8e 17,000
rpmof A A & AR 2FEAAAME o 06
W, Z18)3 Iron core ¥ pivot bearingol] A 64 W
9] ouA &4do] TAFAGL LEIAG. ol
e AAE AHF2E Ha¥g FE dou =
A% bearing o} obd ZIAF vt & oy
A loss ¥l go) Wl$- & A& ¢ & gou, g
A g ATF6A AT FRE AAY s 49
R348 AN & B A} AuA &4 &
FIE FI U 98 &+ AR

30001

T T L] T ¥ SR L T
00 400 60 800 1000 1200 1400 1500
Time (sec)

T
-200 [

a8 7. AL Egto]8 9 free-decay

TR 2Vl 3P et 4% BGE
F 2 AR A E AASAT o F2 Y
< oln] HA A FH g% A4Y &= AYE
T3 A=A JW £28 Fa A7 B
WEe] HE ST A A9 AFE e
A o 370 rpmol] o]ZHE W WA WFo o
07 mm =9 W7t $FHAG. o] A=)
A= E9 rotor ¢ stator 7+e] FFolA FE3I|

FF 8 F Ao

6. Z=

Azl AFE AT o] $&& 93
olo] % 847EE AR 65 Wh g9
Eetold g HA 2 APt & APE F
8] oF 10,000 rpm o HHFE dFHoZ A
o0, ojwo] AF e o 16 Wh ZF=Sioh

TEN2ETY 8 Alole JAFHA vRELS
Halbach A|#& A48t @23 wiAARLY,
4 B4 AMe ANNF #AE7 £4 @) ac
loss o] 2% oJuix &Ho] & Aoz A3Y
o} 8¢ 9,300 rpmol A 7,000 rpm &2 AH 7
2AFEA ER8 29228 ALY system 9
ulx &4 o 45 W A= H9 s 3
Ao 23 ojgg WA Ex AN )= ASe) &
B9 20,000 rpm 317 AjPo] 3 & Aojch

2o

rek

{11 KAERI/RR-1709/9%, ZzA=A8 $&71&70
w, 344G AF2,1997

[2] KAERI/CM-275/98, A=A 14L& o] &
& Eetold duiA] AFFA HHEA, of
Fojstm, 1999

[3] KAERI/CM-288/98, 2 A= Ze}lo]d A
Az=d AT, FEUFR, 1999

4] ZexAE Egold AHAZIATANEL H
TANK- EREWECHEEE TR 8 &

[5] Fumihik Ishikawa, et. al, Flywheel Storage
System with High Temperature Super-
conductivity Bearings", VDI BERICHTE NR.
1187, pp177-193, 1995

-314~



