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The Field Coil End Effect of HTS Synchronous Motor
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Abstract - The superconducting synchronous
machine(S.S.M) including generator and motor
has different electromagnetic structure from
the conventional machine. With the help of
superconductor having much higher operating
current density than normal conductor, S.S.M
can eliminate most of iron core filling inside of
the conventional machine. This air-cored
structure could be analysed and designed
theoretically based on 2-dimensional(2-D)
magnetic field distribution assuming that the
windings are extended infinitely toward the
axial direction. However, the actual structure
of S.S.M has the end regions interconnecting
the straight parts of the same cross—section
with the 2-D model. Therefore, this actual 3-D
model has smaller field distribution than the
2-D model. In this paper., we consider the
effect of the end regions on the output of a
HTS model motor and suggest more accurate
design approach through comparison of 2-D
and 3-D magnetic field analysis.

1.M B
2A% Fr1dA7 e ARG 2HA=FY
= Abg3taz 7|Ee AAE IS AHEE W
g o AFE=E 100 v} A= FAANE F

ATt ol =& AFIURo EASHELE ol
3IE 71E 71719 dREEE AASE HAE A
|3tA ¥ax daAdte 7|71EHe] Udex s
AAE + UY. Fig.l & 2L 348 4=
7138171719 o223 Rd-& olgdd, HA]
ko2 Risittn st AEFHEAANA
o A& olB&HoE FE F Y. oI o]
Edoz Fz AR g ol&std 7y F
Wk Zolel Table 1 oA Hols 3Fdwe A
A WTErES 7 + .

DA zet F AR Atolel FFo] 1(mm) A=
vl Hx] @e J1E9 2E e wArle A$e
Aol 71719 WHE A9 AR Y7 W E

276

Field coil

Jamper shield

Machine shield

™~ Armature coil

Fig. 1. 2-D analytic model of S.S.M at
cylindrical coordinate

Table 1. Design parameters of S.S.M at 2-D
analytic model

Rfi AAEY (Field coil) WHHA
Rfo AARZY ut3

Rdi A4 = (Damper shield) WutA3
Rdo A A= 9] ukA

Rai A71A 2 Y (Armature coil) WHHA
Rao A7 AAY 9RkA

Rsi 71 A E(Machine shield) WyA
Rso ZIAAE outA
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Fig. 2. Designed 1/4 Cross-section of 100(HP)
HTS Motor
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Table 2. Specifications of the designed
HTS Synchronous Motor
A8 F 100 (HP)
1A & 1800 (rpm)
4 2 A g 380 (V]
g E 1.0
F 3 F 60 (Hz]
T7] A9H~ 0.1 (p.u.}
AA FRAF 45.45 (A)
AA F+ 4
AA E £ 1075 ©/3
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AZ1Z | 80 €/%
AR £FT 24
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7NAL= A% 478 {mm)
AA EE 95.93 %
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Fig. 3. Mesh-generation for 2 dimen- sional
FEM analysis
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Fig. 4. FEM analysis result of generated torque
according to the torque angle variation

ZE S TA7ANAM T e ELAE 4 (1)
9} Zo] 452+ 8 o wpE FoA] (co-energy)
W o Wz & 4 ok (2].

_ oW
T="34 (1)

FoWA W & FEM 22 A4t 23 3
A ARE ol &t Bxz A" FFIHNA
4 (2) o oA Atd

1 s Fig. 5. Mesh-generation for 3 dimen- sional
W= 2 voIB' Hady (2) FEM analysis

a8lm, B7IRHe AL 4 Eeds AU
A F2EE Az FREG0] o|RE Ak
gt §18t7] W&o, A7|Ae QAvtsE = 34 nF
o S WHIAAA AHo] o]F= AEE W
stAlZt}. old wWE A AFRE 2P 49 B
o 439 FI7le M A7)zel Z1AIZe] 24
olmg Ao FA&I AR Fap&ol 45°
< olE A% 90° o ELIAZ(HN)E o] F
E HU Eea oA X7t 4. o we &4
Zolg @ EQ3+ 1664(Nm/m) ReH, &9
ol AHA Ao wE ZWIg JHAFEHo] .06 | 1
250[mm] (025[111] % O]%—‘Eﬂ’oq 7]7]9] %“%“ (Pout) 0.04‘8/2r0' 4!0 6! T 8'0 1(')0>‘0 1‘;0 1é0'1é0‘260 220

< 739 2 (3) o 938 105(HP) (78.4(kW])e] ,
L2t z-axis (mm)
Py Tl Fig. 6. Comparison of Br distributions along the
out = @ (3) armature coil at 2-D and 3-D analysis
A7NA, 0 A} S E(rad/sec) o) 2219 a4 dxet vlwatr] YA 3%
I &8d Aol 9602 71718 =dy I} #Hol2EHHY]

AARZLE ol FE 4709 dE-AAIZEY F

& AzdMe 28t 2ol 90° & 7 ulgf AME Zo]s} 2319 AN EQI AA
Fog &% U g AN, EeaAzd o A% 2w dolst 2EE 250(mm) ©2
2} Ao FEHoz A3t o] AFdA E zdatA g7 wWEd, AARTLe &
o] gge wedgos AL LRIt A
= < H2 3tk Fig.h dlA e

Ze wHoz fFRessME s 324

ol
o% {1 iz

F URel 234 WMol 2AE F olEH A
T AR F0F AR i

A BH 2H2 2 7 deS HIE o
o, 23t A N e E93

e 4 o
rg

o

278



Moz J718 HdYE F4T RFth A%
o W4T F714¢ e 1PolA g 2ol
3 22 AN 1/16 % 29 A= 7]7]
J RE GG APLEE 7Y & Ut
A9z AALEE ARTL] BRelA DA
e A&E BE Q72N Aart AsHEg
Azp=Le] 4% AA 2] (400(mm)) s =S
43 ATH3).
ARzde] FHAF
o 2z HHoz

g d7siiEs W, 717]
#Ado] HE Br HAES
RL";_RQ NA ARz
of &wWak FAHARE YHo2 o Z-axis W
AL Tl Fig.6 oA RE uviel 2o
Hol2EAY Axzdel AXFdA HAMe =
Aoz Jvetves 3349 dddnsE 2a9 &
MAF 2o} ozt e gE RS g & Y.

£, 23 Y Ade ARz ANR F
Aok dite FAEYH S 4L + AU
W, olet vlmstd 3atd N AFAE & o Az
AL & F FAME Br 4Eo] 223 EA)
stE2 old mE 2o oAfEol EATL &
T Ut olAF 2HY AfEe] o= Fx H
€A @oli7] M, Fig.6 o 334 4 4

]

HE F FoE2 Uro] Adslele] Bttt 3
HA 2 Azzde 29 AR 914
Hol2EH ] AAHRI Zues 9Ron, T H
A P HolxEYS] AMRI} BUx ¢A]d
A ¥ @i HWgoez Zue AH
AZ12 FAFolMel Br g dAAdsid A3
At A AR 7o A¥sE 2o HAFg
£ 0.2275(T) olv, 2x4 sialo] aia Tl
2 0.2474(T) B} 3 &8 grolth, o 37t
Alx 224 FMe] wE F3I} 771y ¥
105(HP) o3 HAste EL3e AR A
71 w2, 4 (3)e] 2slH HAsE =Y
T AR Mo vz n & 4 ok o}
A, 32 A FHE AYIAA golAERY
o] AARZL e 2 HsE 7715

2 H(4)9 Zo] AR &+ 3l

T

0.2275
0.2474

x105 = 96.6[ HP]

Poumuy

PhA7A WMoz T odm PrielAel A
B2 Aol BEFEE 0.134(T A
o @¥el  aPee

ge 4

(5)9h Zo] AMNE + St}

ol x105x 220 = 34 120HP) (5,

Webd, 339 AFRETE Q¥seld o2y
AA ANEEe H(Q)% (5)9 A%E FGapw
130.67(HP) 7} €t} %, 23449 o] 22 e
g 712o2 & HAYAel o3 259 4]

Pouﬁ}%'- -

T
T

279

o 29 Qolg Hoj2Ed Feo) AzaYe
A7, ARRLS B
)

AAA Wt =

AT HA7le 333 2o YeuE @
e, JAE A/ wamsted 234
ARG AR A FEE 2 Aol
BolA ®th ge EEdA AR 4
wbeh ol WY AR o}
250(mm] ¢ 100(HP) 9 dA8 mexd
= RE9 A, 33 FARANE 234
49 A4 2 Aog Bolx PN Ax=Y
o wRME Age] FAT Paste PES
Aok, oleld GeMe] Fx 89S nes ¥
W 2 717 28E A7) AL, a4 )
YA dete 2ol dojde U doluz
A= 44 28 AFAFE Aol v
Aoz meEt E9 U3Y 4% A 9
BNE B =BG Lol AxzYe wio|
I G} FAL 9F F¥S 2T ele

N
X

[o]

—_

R T R A A
o -

o4 FYY Xt UhewF svle Aoy
MA EFEE 2AsE Zol wwAY Aoz
A AT

2 d7E 21A71ZEHe drAuALY

HANZAZSE71EME Adee] A9 29

ol 93 FFAAFU

(& 1 2 §)

(1) "5+, &S, AMg 492, '&48 1
e AT Fr|AFY] AT, FFRAE - A
233 =FA, 38 23, pp.21~26. 2001.
11

(2) W, AN%, 98 294 AFn, A
dd, FAY, FELAHE o83 LeEAE
T7IRE BN oA g3 1A gtE) 3
=83, BH, pp.720~722, 2002. 7

(3) 294, AFx, A, A4S, £493 A

G2, olBF, FAR, MY WP L o83 2
A= 3719 324 AA 4", g r]es)
stA=ds =83, B¥E, pp.616~618,
2002. 7



