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Sudy on the Current Digribution and Sructural Optimization of
a High- Temperature Superconducting AC Power Cable

Zhao Zhen, QiuJie, Wang Shuhong, Gong Ruile
(School of Hectricd Engineering, Xi' an Jieotong University , Xi' an 710049 , China)

Abgract: For a high-tenperature superconducting (HTS) cable, the non-uniform AC current distribution anong the
multi-layer conductors gives rise to the increased AC losses. The sdif- and mutual- inductances are calculated for the mul-
ti-layer conductors. Then, based on the equivalent circuit nodel of a superconducting cable , the current matrix equation
is condructed to determine the current digribution. Subsequertly , the winding ande , winding direction and radius of
each layer are selected as the optimization variables and a uniform current di stri bution anmong the multi-layer conductorsis
st as the objective. Under the condraints of the mechanical properties and criticd current of the tape , the gructure pa
rametersof the multi-layer conductors are optimized by the genetic smulated annealing adgorithm. The results manifes
that by optimization of the gructure parameters a uniform current digribution anong layers can be redlized , thus the AC
losses can be reduced subgartidly.

Keywor ds: high-temperature superconducting cable; current distribution; genetic al gorithm; optimization

[1 4]

: 2003 - 08 - 23. : (2980 ), |, ; ( ).

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



4 353
_Ho _ Dy
Li = 4_[(tan2[3. +2'”Ri) i=1,2, .,n (2
'R [ Bi [ ; D
1.3
R R, R <
Rj: || |j,
Bi By, a a, -1 +1.
ri L ; M
1 . .
S i S i
Bi = anh_Cv&lez*' alJoh_\l;V&'ez r< R
1 .
11 Bij:UORili wr e+ E*Joh- Wez Ri<r<Rj
2 tarf B n 8 s Rl :
! BJ = Wr(R|||(DSB| + lejmgj)& r> Rj
=SATR/L,d=w/9r3.
(3
I, nl,n
1 _sd ’
) n= = )
d w )
—nl Ho aa R D
- . 2 K - . )
Sl’B ’ Mu 2-[{ 2 Rjtan(BJtan(Bj) +1In RJ (4)
K K, 2= 44
KAT R, l< = K. , 0 ’ 1
Iz
, , L1+ ](,0 M1 M1n j(O
r .
M2y L2+j_0§_ Mzn I):L
jw
L
Mr‘ll Mn2 Ln+ Jw Jw
=1 =1 =1 0
L jw jw jw ]
|1 B 0'
R L B :
w d l2 0
> = (5)
: 0
1.2 I'n .
S
r , L U
Bin:llolswlez r < R Y
- (1)
Bou = lcos@Bi) e< r > R 2
wr
:Bin I< ; Bout I,

[3]

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



354 38
, li < Nijlckikoksks = 0.648N;lcky
i=1,2, ,n (8)
2.1 e o F i
(2) (4) ’ , Ni; k1 ko
B a R ks
: 3 : , kg , ko
n, 3n, X ks Ka 0.8 0.9 0.9'%
x = [BllaliRllBZIaZ!RZI an«an,Rn]
’ , k1 , k1
n-1 n
mnf(X) = lix (X) - 1x(X) | + :
iZj:le . a | 23
n-1 n )
ZZ| |iy(x) - ij(x) | ’
it j =)
() 1y (00 BENES . A |
: X i (X) 10uQ , 8m.
(5) . f(X) X, (5, , 1
1
2.2
1 R ) i lod
() ’ /(c) /mm /HQ i" ltota
’ 1 +1 27.0 20.5 10.0 0.056
[5] 2 -1 270 210 10.0 - 0.035
' ’2 ; 3 +1  27.0 2.5 10.0 0.429
Bi- arcsin[—Rf—“ﬂ <0 4 -1 270 220 10.0 0.550
(6) _ . . .
€4 +E,-E HF i | ot s ot lotal
Bi - arcdn _q—p_tcsp-ar >
€ o € 4
;ep ;efc ’ ! 4
€ 1 10 , 2
t 400 A
(2) , , 3
Dpi 1 -
Rl-_;m+[tf+2J20 : ’
R+s1- R - (tf+'[) >0 i=1,2, ,n-1 12
D
TR LR-(n- D+ -5 20 i=12 .n ©®) @ (8)
2
(7) (5]
: Drin Drmex 2
;b .
3 €p €q €, Ex Er w t s le
’ /% 1% /% /% /% /mm /mm /mm /A
(5] ’ 0.30 0.15 0.05 0.25 0.30 4.00 0.25 0.10 11..6

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



4 355
o - MoflZ | Iy
T qp g I, 9)
g(x) = (2- x)x+2(1- x)In(1- x)
. f y i i ;
lei [ , (8)
[6]
2fo|~
A, S ni <1
3 Omi =) 0?1 2
S , TR LT L e
Drin Drrax 40 mm 44 mm. N = B;
, 3 ' T Hodch
Bi i ' S i
3 b ;
R fi e Je (
/() /mm Q o ).
1 -1 43.5 20.00 10.0 0.217 , i Qti + Qmi ,
2 -1 26.6 20.35 10.0 0. 256 n
3 +1 27.0 21.34 10.0 0. 262 '
4 1 43.2 21.88 10.0 0. 266
i Q= Y+ ym (11)
l ( 1
400 A , 3 ’ 5
4 4 , ’ '
4
5
4
Norris el

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



356

38

[1] Mukoyama S,Miyoshi K, Tsubouti H,et d. Uniform current
digribution conductor of HTS power cable with variable tgpe
wind ng pitches[J] . IEEE Transactions on Applied Supercort
ductivity ,1999 ,9(2) :1 269 1 272.

[2] Mukoyama S Miyoshi K, Tsubouti H,et d. 50 m long HTS
oonductor for power cable[J]. |EEE Transactions on Applied
Qperconductivity ,1997 ,7(2) :1 069 1 072.

[3] O=n S K,Daunling M ,Odergaard J ,et d. Loss and induc
tance invedigationsin a 4layer superconducting prototype ca

ble conductor [J]. IEEE Transactions on Applied Supercort
ductivity ,1999 ,9(2) :833 836.

(4] , :

[J]. ,2000(2) :7 10.

[5] : , , . 1kA

[J]. ,1999,21(2) :122

130.

[6] LeeJi-kwang, Cha Queexo. AC loss cdcudion of a mult
layer HTS trangmisson cable conddering the twid of each
layer [J]. |EEE Transactions on Applied Superconductivity ,
2001 ,11(1) :2 433 2 436.

( 334 )
JPE&000 Altera  draix
EPSI5B7672C7  ,ALK3 9. 267
ns, (LE) 183; QK4
9.035 ns, LE 165,
Qe ROM
CX

[1] Taru M, OshitaM, Oroye T, e d. High geed inplemen
taionof JBIG arithmetic coder [A]. TENCON, Chgu Is

land, Suth Korea, 1999.

[2] Ong KK, ChangW H, Tseng Y C, e d. A high throughput
context-based adeptive arithmetic codec for JPEGR00 [A].
IEEE Int Symp Gircuits and Sysems, Phoenix Sottsdale,
USA , 2002.

[3] Chen KFLianCJ,ChenHH, & d. Andyssand architec
ture dedgn of BBOOT in JPEG000 [A]. IEEE Int Smp
Circuits and Sygems,Sydney ,Audrdia, 2001.

[4] 190/ IEC JTCI- SC29-WGL N1646R , JPER000, part 1: F-
na committee drat verson 1.0 [S].

INIAR ISAR

FPGA
MBPE
AR

4H9C
ACA

RA

VOD

2003 6

. (717)
, (722)
(726)
, (730)
(734)
(739)
: (744)
, (748)
(752)
(756)
(761)
(766)
(771)
(775)
(780)
(784)
(788)
(792)
(798)
(802)
: (806)
(810)

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



