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Development of Motor/Generator
for 5kWh Superconductivity Flywheel Energy Storage System

T. S. Choi, H. N. Kwon, J. H. Song, W. S. Koh, D. W. Ryu, T. H. Sung+, S. C. Han+
Hyosung Corporation, KEPRix

Abstract - 2 dFdMe nEE, wdFEH 9
2 BAAsAHoz A E3HQ) AFYAZFAANZ UF
Hn gle Eold oyx AZFAAYW (FESS
Flywheel Energy Storage System)d T3Qoz
g A dAsie A I A 2 AF
€ FPAct. A3 W4 FESSY  AZEFe
5kWhlels] &AH <£T =  30000rpmeolth. HAEFHA
7l £%EEd % 4AF 4oy d¢A e 133
o £%322 Ring-wound¥ 22 AHAsHPon Az
#7112 PWM Boost AWEE 53] 94§ 2 DC AY
Ajo} 283 Full Bridge 9AWEE £ AFWAHY 1
£ AojE AEY & U TopologyES AA3tPch

i M =

FESSt {d8He A7)y g Zgojd9 3AeF
A2 A A, g8 A ArdyAE &
g3le FAN2AN gAX 9} o] 2838, g3} s}
Ty Ed $o] wdFHolong I APAGA
Az dEHx Ao [132]

FESSol A 2] o1 ) 3E2 AFEEZ=(Motoring
Mode)¢} LA R (Generating Mode)®] § 7Hx ¥
2 Ydehted FFEE Ade AgAgezRE A7)
WAL #{d5o] Eetolddl 714 AvA ez AAs
W, ¥ARE A= goz Eeoldd AZd 714
A7t AERAVE B3l A ddAY Yez AFe
2 29 =& 3y Rz Ari"Edh
T4 71710 AR E-E A% BgA Zeloly =
H, F7ietde] o3 oz &AL JFFPZ ¢ ¢
71, AR FEFopFZ A olyA &4 3§ wogy
/AR, Egtold 75 2 2¢AL YT AFRAY, 2
& quR dEY AEAPY] Fo] AUk

o] F AFEAVIE 43, 23& ¢ nELY EHS
ZhR ok sted X7, B217, 47FANE T AFo)
2 d8d2 HEr) 5 G4 AF7 P §4Hn
Atk HZoe NdFeBSt 22 1UE9 GFAHL A}
fgozH 128 AqUAE 9L £ e I7FAY B
HA g2 71719 380] F7sta U [3)

AFWHBI= AT QL AATE HFEL 98 BYs e
o Fig Aol7} rhedteior st AFREY AL £
Tt rpmol/de] 234 AL FH o i, AR
Ae Ag 4A Ads TSk ot

B AFdME 5kWhd A5 Zgold oA AX
Al2de] AHL" AFddr) 2 AYWUBs|e HA, A
g FPsgct AFTAV|de 1AL AE ¥
g2 78I £%82 Ring-wound¥ o IFAH F7)
AF7|E FEsgon], AU AWEH TG Ay
E%7l DC LinkE F#3lc TopologyE A &3l %
U Aolst IS At [4])

2. FESSE HMsurr o M|

2.1 BEYHo| HdAH A

FESSE AFHA7I7F vldFHeg A7 & $9o
Edol s wAE e Bael oA Y=g
£A4g FHasg sopditt 53 Bt (F)oln FF
£z 2 3dstdr Zeolle AUAE AFsan e
R AFREo A &Hdo] Hid Holopdt ole
A FEat AR GAF &de HgPo =z 3
2% = Yok oHT FHAM B dFAME YutFel
7y A vidM BARe 2AEA dEF X9
Eo o mzE3 4L HAZE £Xe2A Ring-
wound¥ & F7AY F71718 A3 5]

=23 14 AN E HdFe] AFe vidEe &
Adgo] A FEd FFE JAHA 2EHAE
gAY G A, JARE n&Hd A 7R
uldboli} olgg WAFI, VAH 2EHLEE ACYUES
ALY 727t Hojokgn &3 AN F7AY I3
29 NAAHY A=g wol7]l A vAALA EE ¥ig
% AR £BE RFAVE dted, B HAAdME
N1AA 228 3o ElegE Ade] 4% ¢4
HE 383Ut

ALY 44 a7Arge & 1 2er, AF7)
AA Ade & 2¢ 2ok 3¢ 12 4AE AsEA]
o 9REEE ey, 23 28 44 A" dFEd
N9 FFAY HxAst nPYAE HERAY.

E | MSUHIS 4A 2FAY

3 = AL Y 5 AL &
HAg £% 30,000(rpm] 7HEAIZE 3,000[sec]
£ F 10[kW] s 3
AZ oA 5[kWh] Ho A7 29{A)
#4 2HE | 56lkg- m] (J¥SAAY 380[V]

E 2 Ring-Wound® HEwWH7ie| M melolg

g 2 A & e A &
yEAEYE | 0.344{T] s 2
A dde 54[turn] 2IAH T 1{mm]

A7= A71A
A4 e 39[mm] A4 99 79[mm}

R A7 A
2w 7o) 60[mm] 2w Qo) 60[mm]
A ¥EA 37(mm] HAEF 93 25[mm]

Sleeve Sleeve
(can) 7l 2lmm] (winding) 5 7l 1[mm)

_24_



(o) DER
a3 2 MEWHI MEE

(@) FPRA 3 FA

22 Me{waole MM M=

FESSejA Agugre Ao gaye n% g
A HoE HFERT ¥ SR oy A6} 7}
F3tdot Bt} Iy 38 olE§ Aol 7153 HEyw
#rle F H2xolth. agdA e w9} o] FESS
© B#olgo] Rag A dAs], #ve 9@ e o
23 °o]& AojEr) #E Aoz AR

ZWEE PWM Boost ZHHWEE sty AZoz
e AF Y A FTAFE SEZON Aojsld
dEAL 2 29 AZE #H3n DC Linkd 3¢S
44 2R AeA9e F4E dn, ASor Ay
FE A nF g Ba g $4% Edoy FEn
A& EYIEE stk WEHE 34 Full Bridge
AHEE Aty nh 2943 FAL B AFLH|
9 -9, A EHo 448 SHEL A YA
HEe] &8¢ 7t stdoh

2% 4 ARE AdE, ANE 4% 294988
el Reg IGBT 4x¢ #4ad, wds, DC
Link ##AE 2182 Gate Drive $22 FAjd"d.
IGBT 2&% AZ A 1200V, B2 AF 10AQ
50021 AvlzEANS] SKM 100GB 128DNE AM834
on, 294 #u4E 10kHzo T}

L

Converters Inverter ¢
(DC Link ZiQ! 7 %43 KIO) (&% / 2= HOY)

28 3. FESS diz{y@Er| & 3z

(a) 8= by U FH=E
2% 5 Mot Panel

2% 58 FESS #3832 98 #wg 2 AuE, Ao
Re 4y, AMF, 24X 2 HEed 5% wA o
AZE Aol Paneld] AA 3% F R FAxon)
g RHoof EAE @#EL AF 4%% #H, DC
Link A<k, A%y 34 4%, 489 A9 £
it

3. ANE Ze

Ag AFeAso ostd @i AdAY, 9o
3 Hride Isg Agstaa 2P S5
1 Fatg wale] M Zzrel A3 APge
Blastgou, Rdx AFHdries 7359

H71dg wste o] Wl 4 Ay #

29 62 Fagd wE ML [P ARd AV
Ao gF =L T =2AF Aotk AIgge Fu
F7 EAYEE ZZL FUMEME @ AR AEgpe
1%°o1W 8] 2Age 7HAR gl

PAR=dA Gxo wE RIAY EAE el
s Al R FTER HESNE QAo wA
ALS EHsET 2¥ 7 1L000mpm FR3 A
Fo1EE AAY BEE 4R 2z 23§ Aol
E AT d7d AFedre AAAV AARGe
2 Aglso] 97 wjEeo] FEAA A4dr X E U}
Ang ¢y AYE W FEHo|y ZF gol 120°9
AHAE e AL & F Ak BF F71 Ao
1,000pmeld ARG HAAX7E 1047VelER £%
of dsja M¥Hoez Z/E AL 30,000rpmelld 2z
Aol mmsAo] 3%4VrE e g MAX 380vel disf
oF 19524 w9l £38tA "ol

of b (R b R

_25..



—o—Line U.v
~—o—Line VW
08 _a Linewdy

os ]
o4 /

02

Resistance [Ohm]

oo
100 200 300 400 500

Freguency [Hz]
a8 6. Falgo| g M7 HEgt Hat

o
.2

v

(R
i6ps

508 \ ’ \
2 /]
18 s
5.9 v

Ny

/) p

O3 7. 34 ®7 deb e (@1,000rpm)

32 =& A

AFLAs|g AHARVE A8 2PANEE #Y38
Aok AFHAVIE FHE Ao FHIA &4 &
A A BAHE AFgstgen, 3 AEe A
Hgol oalgez A AgAHsl 5 o
A5l Back-to-back A1@-& AASATH

a9 82 &% AHd @& 34T FFE Y
¥ 10,000rpm7t ] FRI}Z SHF Yot

29 9% Back-to-back Al¥ 3zxold. x7] DC
Link #$3& Diode AF7E 3 olHAY olFd&
&4 Ege] AFAAN FFE HEE 4248 F U9
AWE S AFEAVIE 4 HFEE AR &
A=Y ol T3 B3 FJuE 2oA Hth

a3 108 A8 4 FAZ el

1.88 ¥ o, [

168y \QE =5

172l 9. Back-to-back AlE 3 =2%

a7 10, A" M| THE

4. 2 =

B =Ee 2AE Eg0ld dyA AF 7ie AL #
Aol 1AdE AFAFE F ATEAY £ AYHEE7]
Aur 2R ZHijolth 5kWhl, 30,000rpmlE Et
o] ux AAAANE & AFTLAZ] R 10kW]
Agugr)e 474 2 AFE FP3Ach

A LAl €F5Y5d 4T AR &0l &
Ae s £%£22 Ring-wound¥o g AMASHY
on, APHP7)E PWM Boost ZHEE S o9&
2 DC A Ao} 283 Full Bridge 9HEE %3
AsgArl n&3H Aojs AIFY F U Topology
g A3

gF A £5F ZEAY 30000mpmAA F7HA
7171 98 A 7& AL L oo g AFLAS] 5
A Wzle] W A7 Back-to-back ABE T E
glol® 2R3 =o NP AFE F3) 5kWhlg FESS
o AFH AL Fgsuz ok

g A7 AgARTIA A4 AaadaTALA
Q9 Aol sl £99 AFAAAYL

B2 e s

{11 RF. Post et al, “Electro-mechanical battery
research and development L. at the Nat’l Lab”
26th International Symposium on Automotive
Technology and  Automation, Achen, Germany,
Sep.13-17, 1993

[2} H Hofmann, SR. Sanders. "Synchronous
reluctance  motor/alternator  for  flywheel energy
storage systems” in IEE workshop on Power
Electronics in Transportation, October 24-25,
1996, Dearborn, Mich. pp. 199-206

[3] Z Q Zhuy KNg, and D. Howe, "Design and
analysis of high-speed brushless permanent
magnet motors”, Eight International Conference of
Elec. Machines and Drives, pp.381-385,  Sep,
1997

[4] Jai P. Agrawal, “"Power Electonic Systems -
Theory and Design”, Prentice-Hall, Inc., 2001

[5] A", AAH, 759, HA4WEMBE AFdAs A
A Y £%¥7% &%~ Ring-woundd I7A4
BAEA 7719 54 Hm”, ARG =84 A
50B¥ 33 pp.107-114, 2001

..26_



