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Design Considerations of HTS Synchronous Motor arranged with Magnetic Core
inside of Magnet Vessel
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Abstract - HTS motors and generators have
some advantages over LTS machines because
of higher operating temperature. Very low
temperature makes LTS machines need higher
refrigeration cost and large facilities. However,
HTS machines are expected to be comparable
with conventional counterparts at smaller
machine ratings than LTS generators in terms
of efficiency and size. As the operating
temperature increases, the magnetic flux
density generated by HTS field coils decreases
relatively. For example, 1000hp HTS
synchronous motor developed in a few years
ago has maximum field density of 15T. At
this point, magnetic material used in
conventional machines is able to pass magnetic
flux easily with high permeability. In order to
investigate the effect, we arranged magnetic
core only inside of magnet vessel of a 100hp
target machine. By way of FEM analysis, we
concluded that the magnetic core can reduce
amount of expensive BSCCO conductor so
much.
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Fig. 1. Designed Cross-section of 100hp
HTS Motor

Table 1. Specifications of HTS
Synchronous Machine
AAEY 100[hp]
AALET 1800frpm]
dE Mt 380[V]
AAE A F 45.45[A]
AHE- A A BSCCO-2223
AR LB F 1075 [turns/pole]
Agaazay 250 [mm]
S5 4
Fa 60[Hz]
qE 1.0
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Fig. 2. 2D FEM Modeling of Fig.1

9 »de Vector Field A}9] OPERA-2D
Software & ©|&3tH3 F 4708 N 84 E ©]
£3ld Mesh & TFASIH ol& B3 AHAM
o] BXE O A B 4 uh £3 HAS 3
Az WEo wiAAAS e FFS 27 A8k
X Magnet Vessel ¢tollgt 71AI A =9} 5L A
g9 H4ow RHAIHPIFIPY. ol 71719 FA
E 3A F7M71A g1 HIAFRCA = HAES
AbE3A] A E Fo ¥ Eo] R AFEEE
A7l fsiAeln, A7)Ae] mMAAA 7 Magnet
Vessel 3} A7|xprtolol] vz == W o3y
28 7F g7 W FEol WEo Hiole 3jH Al
24 9F&a 2 afFsdol Ay gle AL
2 dato] Fgh. FAHL TLxALT IAYEY
5mm +Z-& olFA dtgoer AFHL AAZY
917 264 mm o 93 YIE OFEEF A
o] & Fig.3 o A&HA X} g7 Jepdd

— 216 —



-
WG 3
X [}

1

ampaner) FCGT
survegny 007 Maomuny TA7, rkerval 005

Fig. 3. 2D FEM Model arranged with
Magnetic Core
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Fig. 4. Comparison of Normal Flux
Density to the Surface of BSCCO
Tape(Dashed; Fig.2, Continuous; Fig.3)
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Fig. 5. Comparison of Radial Flux Density at
armature coils(Dashed; Fig.2, Continuous;Fig.3)
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Fig. 6. 2D FEM Model reducing amount of
HTS Coil

Fig.l o Bole 8%F<9 #HAola FolA 102,
145, 145, 191 9 EFE 7HA= A5 41 #A
ol]ZE AAAIZ & FEM 2d#S stux o
olgA HW xv) AAA LHol-¥9 4577%

— 217 —



o g @e 2 ®rh old 93 7F4d
Hel = Fig6 3 21 F 3582 7Y 84E AL
sto] Mesh 2 Wrglon 598 A=Y 53
ARPOZ AHMSAT. wRslAZ BSCCO H
ozYe FHoz AEHE AFARL AAR
AAI2Y 42E me} ZAR o e Figa
o FHOE Usd BAL AHSEA AL AP
s} 4E wlmath

96}
ST
sk e T

g4 7 . S,

YIF

Flux Density(T]

g

Uaae

Xeoud ¢ ‘J; 1445 "‘7 435 ~‘-’3 35 42495 35445 $1.44% 5‘7 445 734495
Y emsd 167 485 107 495 467 2835 407 4465 1467 495 07 4 107495 G738
Fig. 7. Comparison of Normal Flux Density
to the Surface of BSCCO Tape(Dashed;
Fig.2. Continuous; Fig.6)

Fig7 oA} Zo] 4oz FAE FAHS A
3 AAE 2N FF, FHAASLES
0553T °l¥ Fig2 9o 712 si=Ede fd
0536T ¢ WE #o]& A LS ¢ 4 Ut

tozlgl & 4 Ut AAE #HA2AZ 2d
2 Hol2EHAF AAFYe] RN FFHA
= Hb7e] 395 mm 91 ytde] e mde
315 mm 7} HEZ FUNAFC @2 FH15Y
Az o FHE AR ZiddEdg. 3 HAAE
AaAZ 2d& "4 dytoldirt & 7] i F o
AN AHAAZI™E &g el@ANITI} SoEL
old] ME AAH dFoZ QA I FA
TE: O HA 42T Aog HAZT AR}
3t A7|AL FAFAA e AFAIE HIwEH
Fig8 & %t} AXxog FAH AAE Zarg
73-%, 0306T o Hol AFAS 7HAH ol A
AL AL ke e sARdEg 24%
U & grolth ddrd=E e AN Ry
o] 273 100 mm & ¥ FHE Foy, 2
Ao A AFTHYAN L S /AT 8
eaRoMe 218A T2 IS AR de
o g A F7He AAS dsu AA AF}
stk F Ao Q3 A FUE 9 Y T
It} Az Hilo] gle AT Aol Eoj7}
7ol SdFnEoly 2HA# A 2 b
A4 FE&AME ot gz, HA ¢
g 7171AA e BA Fvhs a29A =224 kS A
o2 Jdan.

i 2 to

.

w3 o~ -

228 Ve h
sWr /w’ \\
szl / L e \
Plerd o /“ 7 - \
fuvd of S ~ \\
{8l Fas SN

;e

"\
946~ - TN
. AN
G4~ : N
212f Y N
g1l i N
N / ‘ “X
. N \\
JOB |- /- N\
B §
sazlf X,
o0 . . " . N 2 N . ¢
Angle 450 65D BED 75C  BRD 8RB 465D 415D 4260 1250
Ravdiys 1800, center {0000}

Flux Density([T]

Fig. 8 Comparison of Radial Flux Density at
armature coils (Dashed; Fig.2, Continuous;Fig.6)

3.2 B

[ —

>
S

o zAXRIHIe 2H=A
TEHOoE JVEV V] FHE UF
& AR ¢tz MRS SES A
1A & 4 Utk 71E7] 7)o A&
T ol4del :aFe] HA z7)1H e
3] X317} Hol Fxp&0] FU1 ZA H
AT 2T ol3tdMe F7IRT F
- A BEREE VA ERRE 22 AEAA
ALeE o Aol HAE A E3HAIFIA ¢
Hgo] UoH, B =FdAlgt o] HAHE
BEHoZ A& Ax I1FHNE & US A
ojty, AAE 100vt¥ g9 HAF7IE 3% lkm
ALY AAE FLE I 20008 6¥ A
American Superconductor oA AFEH= 1%
AEXAY 7178 $18.6/m ot walAM, A
B & AFRstede $186x1000x4 = $74400
o] DLEATZHM AlEuH]&o] S} ¥WHo 2
=EAM Y Zo] BAE o] &3 WHS HEsio
H u2xAL AAd HL3 vL&S Hyloldz
Y & & AHoltt

o 2
N

N

Xl

N
5t ot of
2 o o 2 d
>
flo ne
w lo
ol

F3
e
L

fr de 12 @ b L e
e r1r

o

Sk
TE 21M7IZEE] AFANEAII A
=

2
Aoz AE 287154 Adee) A7u Aol
o5 =S

& 1 & 8]

{11 B. Zhang, D. Diriscoll, V. Dombrovski,
“Development Status of a 1,000 HP
Superconducting Motor”, Proceedings of the
2000 IEEE-IAS/PCA Cement Industry
Technical Conference, pp.81785, 2000

[2] BT, 98, Z48, d94, €45 17
& 2AR FUAF AAT, FFEAE - AT
3] =8X|, 3¥ 2%, pp.21726, 2001. 11

— 218 —



