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Design and Performance Test of High-Speed Motor/Generator
for the Flywheel Energy Storage System

S.M. Jang. J.H.8e6. S.K.Choi

Abstract - This paper treated the design and
performance test of high speed motor/generator used
in the flywheel energy storage system. The unique
characteristics of the motor in this paper is the it
doesn’t contain any magnetic material.  The field
system was constructed by using Halbach array that
generates the magnetic field with the permanent
magnet only. The armature was also composed of
plastic bobbin and winding. This paper shows the
design results have a good agreement with the
experimental results.

1.4 B

Zelold oux AR A2 (Flywheel Energy
Storage System:°|8t FESS)S I+dd, t&E7
ARura s stA 7| AE AU ARl dFo g 3
g Ao} o] 283 REIV} shested &3] Z1AA
2} (Electro-mechanical Battery)2&ta 23 &},

FESSE Zgelde &Fcuxgt A7l E 45
AT AR 2N, e @ slHA&ET 2ol
oF &t} 4% rpmF oA 2L R FEHE BHE
zo zdo M4 A& ZEJ vt FAA Y A FH o
v} S Ztolx 2Y, AFIrt sHes.

B wdAe 23 73 7Y ALY ez
A5 e dFAMe Halbach WEE S 48 S+
Rl E MEEde. & AYAE AMSA @3 97A
MAvte g AZE FAY 4 e Halbach WEE &
g3t AAE Azstgct. =£¢ 3ol B AT 9
B &4 2 HES HA8E £ e PRI HES F
g Bl uf$ zZe ARG e dezide g2
AE AlREa A7AE AT, oA, AR E
A7 Ao e HAZE FASY) A% dAo] glenz o
Wl REE n&og $AY oo YA WA
Aol AY gA FEoh B =& AFEAs|Ye
FESSel B8% % =aloly, Arvoidd Tl Azg
ag83le ELARE Fstgon, TAY R2AY &
NAL 5& 238l §7) A BT S FESAGD.

Za& MU LA
12

aAdE AU 2 9o AIEIEE & oy
A gAHoltt, B Ao HAZ}TA = FESS
= g2 gkW. AAAUA 550WhFeltt. FESS7
FAR7IRed o, Aslduae Zelelde IAE&E7}
60.000(rpm] 2 25E 30.000(rpm)7HA #A&3e 5
ot Ak 300(VIdlAM 150(VI7HX 2AEH< ez A
Fack, oglm AF/REQ A$ FA AR A
=& 60.000(rpm]7HA] Zt&dted 288e Al
e 53 2 £%g AAsted wi$ F8F HEuE
7} dd.

Table 52 AEFLH79 AA &7AY

¥ 5 A g 3 B A g
Qi:& 60,000 (rpm] 7ZEEAIZE | 1800 [sec]

A A7 ZEA

£ 6 kW] A 3

S5 T
AdG Hdl 5

A Zefj 14 A) 550 [Wh] A8 u% [A/mm?]
BARAIE | 016 [kg - m?] | EFEAA}| 300 [V]

2.2 dAAIM
AHE AFEAL I} AR FAstE BH 54
4 AL gy 2d. F A5V WAWY
Aedee 0g 4 (1)3 2o Folth
B(#) = Bycos(wd (1
o714, By iFAEE T

WAy nzoA &S Huste
Almilatn & o 1299 #71de A
AL WHEEE FolARR
E(f) =—-“%% = B, Awsin (@) (2}

7} 58 drid AA He NE& nEdd HrAGS
2 (3)3 ot .

E()=KA NBywsin(w?) (3)
o7l K: 71383 BRAS

Q
Q

T3, A%y RooA HHE J&
F=2I(L,xB) (4)
oz oAy, wegr Ede H(5)F Ao
T=rXF=2rL,IB)KN (3)
AN r& A7A BHAE, L, A7y W 4
o], I+ A7lAFolt.
oY 29 T e AFLAYY AA R AR
o] olwrd, uwta, F3o|, WAL AAse F¢
& 19 33 #o. E AA SA4E oj4% ZAE &
20 YERRATH

HEuEolel HE ¥ SHAY

©
P

1 HE
AgwAs)el AZEE 1Y 49 2on, AxEE
Ao AsIFHEE EAF Aol A7z
Zglrgoz @ Bl Litz wireE Al3dste A&
dor. Aswsdee £2 dd 2 FrANUeg

2 gAFEE 2o don JFaAY ugHe

ke B

N
0

|
N
-3
N

i



A AL dFvigezs dRE BuMA H9 Za
ol¥3 A AZP}. Halbach widd 98 aAAe
AF dFoe 28 AA7 AT g2 o= A
o wAslA et

Géfr‘;m EEEY {*7\11%
a¥ 2. AELASY 4ARY

WH RRAY oot

HAES, YA,
GFAH B AR

A% AM WM,
Wy wans

AR BasN
N=5,/S

el

EEE YT
Aastawd, 2%

an 2w aak, 9
B4 tewal gp

AANe £ nd

ARG wA AR
W wAASC,

¥ug3 7. BT,
syeme) N

AR AL, PhE AT

nASERYE ¥

Ad WAARYEE

B, = B.C, In{n/r)

o e N

XTI a8
U0l SINUR
DimT ZE

&g  Aagud4g

@ = Ef(KNw) » LY T
A=0/B ¥ e, gunasg
¢ SERE TS W A LE L
s a4

AR AR AL,
wAns vud gol,
L, = Af2r L
L=L,+ nage

a¥ 3. AFEArie dAzExE

2 Aeedrle 474 seioy

4 5 A 4 5§ 4 2
WEAEdE 0.25 [T} FF el 0.4[cm]
IFANYZE 45 [em) 42 BdFE 17
G997 45[cm) A2t 1800[sec]
:;f ;}2931 8 (el | 3 e | 057N
A7iz W7 255 fem] gAY 0.085 [ 2]
AAA g Holl 17 lem] (4% A€®E2| 50 [4H)

HAE WA 2[em] (AR HER)) 16 [A]

3.2. 54AMH

3. 2 1 Halbach ol oj$t AXEH

A eAsel AxE, Halbach WigE 28387 4
F F2ANE Weng AYY NdFeBE #AFAHY
% B,=1.17[Wb/m?].2a48 H.=-10,800[0eld
g AR AsdAsie ARE 23Fer FAEY
9sted NdFeB %4+AAH 16702 Halbach wWd$
st z2EEg. 239 Fge Lo g RrASE
UE AAzte 0.275(Ti9d9, 44 Halbach ¥WE&
Aztstd A& e HEdez 0.25(T18 vgddd

o, olF HWgo s AN AHEXE BG4S wg
o] &<l 7%1 AR R AA AZAe :1%‘ 63 EE} =3
Ztxo] e 459 72 dxlclde ALY rge Hue
22 z=2.5(cm). z=7.5(cm). 2=12.5{ecm)e 2 &
2] of A ’—‘173‘%‘%2 SHOoZRY r=25cm)e Y&
ol AAbgkal & ghg gz vebd Ao}
O B3Ade gatd fdn
a¥ 4. ALY 2 AACY) o Axs
fradius = 25mmj

£ i
5 i
MEEE! v : .
R Na_ @

bl %0 180 270 360

Angleldeg]
2% 6. AEFASEEY AR # AEA Ha

3.2.2 ZDENNSUWHI| EHAMY
WA R e BR3A JEFHe wE
wAAGEe Al 2 Ao HHo] 8:1233 A
A2 E neig garl Yol dEd, AF J
€ ZA "ok, wmebM, v REoA REElA

o i u.>; o
Mok 12 oflr



He A4 HdAe HAEREEQ]  1kHzelAM
160(V]), 4% = 750 HzolM 120(V), AAHF3%
=<l 500HzelA 80(V])e)l Aol frldnt.

POWER COMPUTER
TESTER

T+ L‘l_ RPM SIGNAL
A MOTOR |
(A2 3 :

GENERATOR | -

INVERTER

&
CONVERTER L

D.C SIGNAL" |.
SOURCE |

23 7. AR SHL AWE] 98 A

3% 82 D.C signal source® A<tzkel wel 1Y
A P JUFAFI JAFHo2 F7gE BaFa gl
. 3% 8dlA BE&L Aoz d9le 20(s/div)el
o EZdA AYL 200(V/fs)., AFE 20(V/fs)el

£

EA7] REAM fr1dstel 545 Fetsr] A
u-v, v-wAdlMe A¥ LS FHaen, 1 ARE 2
9o AT, WAWE Aol v FHAHo=Z
EXdgol 7] "Ed TAHE /fALE 28 9%
o] ZAAQ H¥Po] drt.

. U

it

38%

REC RUN

a9 8. 49RY ¥ 9YAw
(8%-A2, 3329, A7)

£-350 PORTABLE DUAL CHARNEL FFT FNALYZER PNERAGE
SkMz A:DCs 289 B/ 28 IST /46 DAL Tk P SUM
% — ~ ——— WASS MEM
BL: i
R: 8
: HRDM
iy \_/\/\ PN
1 OVERLAF
1 MK
-26) N —a Ch DELAY
TIES LR 7T DAk
B ct.09mEEC B 1359V TRIGHER
28 — T L 2hf
SLOFE -+
{EvEL:
postTicn
91 LI
" _/\._//\.,/ P
. T
x4 vz
V:PK
-8 COH BLNK
TWE R LIN ThsEC  05F
B 18.12508EC B 1.8

(S HEWD A 3)) B5/12/97 11:48
TRIG [AVERAGE] MODE [ FINC 1] FUNC 2/HAS HEW] DISK [ KEXT

a9 9. #7114 2y

¥ 102 A7 RediM 478 SdHE f1EY
AEXNE HPSE Uustd vehd Aol & 49

a3l ot dyA e gho] olAET da A o
Bttt R G s A ol&84 g ad 109 4
eloleeol A% g dPXd AT frALEF)
2.915[V/krpm], ol &4 el & gke] 2.70 [V /krpm]
o2A 4937t gL ¥

Induced voliage[V]

0 It i i 1 n ! : 2 0
1500 2000 2500 3000 3500 4000 4300 5000 5300 6000

RPM
2% 10, HAS2d e {FAALEA

4. AR ,

E =Rd A FESS Al2dls FEdogxr 45
E 22 60.000rpmTF 23&EASLA] A 2 =
AANGe #F ATFE A, & AELA7e A%
2 gAry] z=d EAUNAHYE FE3le FESS #AA
Alzdol X 935 = AAAGS BEAY ¢ UY=E 4
Asden T dAAGUH diq 2a&AF
wAziel AlZEE Azdstdd. aslz AgdAse
T% =zlolH 9} FESSY A7idoly o FoyFo
AL B3 A28 7L g8 EHANE L s
Aok, ABEAVIY FLEAS Hobsr] daAE A
Ernoe igAG L HF, AFr) &9, TH)
oMo fAASSY H8, =7, fU1AGAs. ol
2 AAHQL ZE& Foioh.

ole} 22 EAS AAHe= A¥I] YdAMe FA
B} HAETE 60.000(rpm)7tA 7H&EAAH HFF3
AN 7R F¥stoiol oy,  FESSY BEol# sh2
2 2 2Pexd W& drjx] ¥ ¥HY AL
stAI g wak Hd 9300rpmZAA T &4 E F AU
a2y 9.800(rpm) 7R 2] SAANEATH fride AL
HYo] v FPFHojdoew, T FrALMGSFIL of
43 FAEHA Ue HEE AU o AFLAs
AR 2R A7 AAe HdAe gBFdsitte 28g Uy
7} i,

2 A7E 9TUATA(IZAYIY 2EATH)e A7
A 957049 Q¥ FHVYR(IIABATR)Y A7 A
2o Sated S8 A7ARYY

(&2 8)

(1) K. Halbach, “Design of Permanent Multipole
Magnets with Oriented Rare Earth Cobalt Material’,
Nuclear instruments and Methods,
169,1980(pp.1-10)

(2) B.T. Merritt, R.F. Post, G.R. Dreifuerst, D.A.
Bender, “Halbach Array Motor/Generators-A Novel
Generalized Electric Machine’, Lawrence Livermore
National Laboratory

(3} Trumper, D. L.. Kim, W.-J., and Williams.
M. E.. "Design and Analysis Framework for
Permanent-Magnet Machines.” IEEE Transactions on
Industry Applications, vol. 32, no. 2, pp. 371-379.
March/April 1996

-274—



