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MEASUREMENT AND ANALYSIS OF AC LOSSES OF
SECOND GENERATION HTS TAPES

ABSTRACT

Since 1911, when Netherlands scientist Onnes discovered the superconducting phenomenon
of mercury, researches in superconductivity have flourished and made great progress. Both low
temperature and high temperature superconductors are applied to production gradually. In recent
years, with the development of the national economy, there is a sharp increase in the demand for
electricity. As a result, the capacity of traditional transmission line is hardly to meet the
requirements. Moreover, as the capacity of power system increased, the appropriate level of
short-circuit current became so large. These problems can be effectively solved as long as using
superconducting technology. HTS tapes are the basic unit of the applied superconductor, and their
AC losses have direct effects on the stability of HTS apparatus. The investigation of AC losses of
HTS tapes has always been one of the most important research branches of HTS applications.

In this paper, the basic concepts of superconductivity are introduced first through its
characteristics, development and application prospect. Then, in the aspect of both simulation and
experimental analysis, investigation in AC loss of the second-generation high temperature
superconductor YBCO strip is conducted. In the part of simulation, the finite element analysis
software COMSOL is mainly used to build a single superconducting strip model to calculate the
value of AC loss. On the basis of this model, more strips in more complex case are simulated.
Through this, we get the trend of AC loss characteristics, and try to explain it in the aspect of
electric and magnetic fields. At last, the experimental platform is established to measure the AC
loss. And the results are compared with the simulation ones.

Key words: 2G HTS tapes, AC losses, numerical simulation, electrical method
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London #R A2 % HL A SO S AL —, H2NEHTE S, £ 1935
AF London Stz N T IR I W g RE I T R AL T AR A AR AR A, 5 SCHL S HIR S ) AT

J=ngev (3-1)
Horp ng i T, v ATIESIE L, e NRAL AT E. A s i A
dv
mazeE (3-2)
Hrbm Oy, ENHIERE, S4E8AKG- )M (3-2), f
dJ nse i
o E (3-3)
W — 2 T F TR T EV M H BR AR 230 (3-2) LI E]
dH
=
2 dt _dH -
Foe " (3-4)

ﬁ¢l=hf1 MO BIREE, RHH N FRRIEERIN AR . [
W T R AZEX, HARE dHdt, TRA

ﬁyz_H (3-5)
24
RSP 0, FTUAR T b 2T DU R T R ik
H (X) = Hoexp(-2) (3-6)

Ho #2iE F RH KINAR 750 . G0 3-1 #ik 1 72 SR N F 137 -

Superconductor:

& 3-1 W3HiB B

8 k420



@) Y FLdLE
P/ SHANGHAL JIAO TONG UNIVERSITY B REBRSE M RIS
3.1.2 G-L fEAY
R L E T SR N B PR E R IS SR, i T8O A e A A i
KRGO T DAE R G-L BIACKRFIRE T MR . G-L BIAMEH — MR S5
YRRIEHE NGB T B HIRE .
E— NS F, B EBERE F ] LLRRN:

Ho |H |2
e I 7
> (37)

\PA
F=F, +a¥] +ﬂ%+2i|(—ihV—2eA)‘P|2 +
m

Hrb R, %TE%“*Hﬁ?E’JEEB%‘a, oaMBRMERSE, AZHEEAHIFES, H I
R EE, h REWHE R, N TRFYRTA, K BN

aW + B[ ‘P+%(—ihV—2eA)2‘P =0 (3-8)

=5 = (Y - 26A)¥] (3-9)

~rR 38 B THFZH VY, /\iﬁ (3-9) #iik 7T . 2l FRETI
i, i 3-8 FATAT LIS B HEEY, -

o =-< (3-10)
L PRTEC AR, 255t 3-0 W LA A
J:—fLAH%| (3-11)
it (31D fid= | = AT LG E):
m
A= 3-12
4uoe’yy’ 12

gk, G-L BIALER AR (3-12) ik T 75 S i i R R BB IR I A
3. 1.3 Bean &%
Bean fiMIPARI A (3-13) Ml (3-14) Siediid, JrunlEl 3-2 fi 3-3 s, ekl
G jo EAE SRR —ANE B Fp 2 SARASAE R AT HL 77 - Bean BEAL KA A

i(r)=C (3-13)
dB .
3 CFx e =C (3-14)
] 2 B
N . J s o T g
—q —b\ b (1 —d g a
-J —J
& 3-2 3% T RN B SR & 3-3 3% TSN RS m

97 k420
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3. 1.4 Kim Fi7
Kim BRI AR (3-15) Fil (3-16) Hediiid, LAY 1 Il F7 v 22 FE 5 U FE A0
FAZIIESE

_om _ 1 -
JC(B)—B+BO _JCo(T)l+£ (3-15)
BO
dB
5 “Fp e dc(B) (3-16)

Hr By AMEHRERIH &R, J.0(T) = a(T)/Byo
3.1.5 E-J fa%usimy
EFREEA T, SR SRR A E AEREE J A ARG-17)KER:

J n
= Eo (m] (3-17)

FEHO R I FH kit B S A PN 38 B AR AN 1) ST R 37 51 AR IR SN, HL AL 0 AT, T BAAR 3
BRI R B AT K o XA — T2t s P S5 8 SRS 2 A — N A R, AR
fifE R

(1) win - oo, M2 J<J(B)Hf, E=0; 4 J>J.(B)H}, E - oo, WiAFKL bean 1%,

() WiR n=1, MIZRLIFEFK S, BHEE IELTHRERE J;

(3) Wi 1<n<oo, T, FIRHLIBEIFEA,

AT EAE AR R R T S 2 M, 228 BIRAARARTY, E-J 85U
Eb T oAt 72 USRI AE FRL IR o A SR 38 P SE 4, S FE o vy, R T A SCE A AR R 0 4 3
E-J faHisiAL,

3.2 BERRINFENBESTHE

A B AT e AR S MR 22 SR FITE 2D 853 3D B Fh PR 70 5 1Sk SR i 22 v 1y
FrrE, EHREETRERG: AV TR, T P g H o,

3.2.1 A-V FRER
A-V R T R DU E-) B RS A, o A RERIG R ER.

TR T
HH 22 i 5 7 AR T
oB
VxE= Y (3-18)
VxH=J (3-19)
Wi RS A 5108 B LR H:
VxA=B (3-20)
UBpH . 4hé FT =R LU,
Vsz—@z—ngA:—Vx% (3-21)
ot ot ot
W RN 2 curl, 153
E--2A_yy (3-22)
ot

Hodp v o, R(3-22)H A (3-19)H
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FRERBSHMRIRFEF R

invXA=i(vv.A—v2A):J (3-23)
Ho Ho
V-A=0, LfEHH:
~lviaog (3-24)
Ho

Zi b, AA(3-22). (3-24) A KA E-J A A B-17) K FAA K T A-V TR
3.2.2 T-Q JrfE
ke TR RS, Q MR ES .. mTEXT T AHBRKES, HfH

J=VxT (3-25)
NN (B-19)BkA 3K fife 5 3
VQ=H,-T (3-26)
ARG T LA R AN R A RO 5 8 A P AR I R R 2 A, B
H=H,+H, =H, +T-VQ (3-27)

454 (3-27)F1 A K (3-18) LA K J=0E, 153%

VxR vxT) =—u 2 (Hy + T-vQ)
o ot

. (3-28)
Vep—(Hy +T-VQ)=0
ot
EREE EJBECCR, EPoMiZ&kRN
30 a0 1n )
o =2 g =20 (yxT) (3-29)

Eo Eo

fife 75 T2 2H (3-28) F1(3-29) 75 ER FHIE AR J5 7k, BV i@ i (3-28) i HH 45 Hi% 45 (3-29), A3 Fllo 5
FANGE-28)IHHE T —2HIE R, FE AR TELWEE, B8HEER.

3.2.3H HFER

Pecher il McCulloch® @375 B H A 3 548 B ia F A BR 7T 77 1R gt v = 4 4% ] v
()RR I o E e 20 1 — 2R ) E-J R R Bk ik 5 AU 344, RIS T Galerkin
T7VE R AR S A I AT ]

2 & — PP I IR IR DL, R DX PR B AN SR AR, AR T AR X Q
FRER L GARL I X 35, Qg0 IO 8 — AN AR (R REI) He, 722 T —AMBIE B X I8 Qc R I,
R T Je Rom o

WG T 925 R R IR L R D BEALE T e WAL RS He, DRI I RE ) 58 B2 1T DL ZR N

H=H+H (3-30)

— MR ULAN N HR LB W R A, & T eSS i oy AR, /)

VxH=J

oB
VxE=——
=TT (3-31)
vV-J=0

V-B=0
[ RESA R H, BER%RE B, M) LA E AR RAR:
B=u-H
{E =p-J
H 752 AR 5 — A S IR SBE T H 17 A(3-17). A F(3-30)F(3-32) A

(3-32)
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5 ; - ; P4 N 7

zﬁﬁgiﬁﬁA@)b?

G/ SHANGHAI JIAO TONG UNIVERSITY %:'&,%—;Eiﬁ?f%*?j’ﬁfﬁ?ﬁ%%##:ﬁﬁﬁﬁ“ﬁ
e (3-1T) IR T BUE T3 = 43 — AU BB 7k . AR SO AT R R A2
T H IR

3.3 KX HFMEEEREL

FEANG R PR A XM SEC s B e e, (TR RE. Wik 3-4, @S
T AEAE x-y BTET,  HRUT TAILE Z BT ). HUIAUERAE B x-y PTG Hy AT HY o

Pl

wE
Jz Ez
A2 /
== C: |
Hy ﬁ
=
Hx

A 3-4 B HREX AL F
W HER 1 e, H B=pop,Ho BT RA x-y “FHEH N =40, FrUE —gegifd da i
Yok EE H Al Ao i PN R 43 B Ho R Hy,  HED H=[H, HY]o Be RN e e
A,

oH
VXE=pohy o (3-33)

mHREH x My n&E, FiLlE RA 2 ians, B E=E, o I« XTHT
X3, SRR E-J SR BT TR N

Iz s« n
Ez_sc = EO(J EB)) (3-34)

b Eg=10" VIm, Je(B)I Sl . VR BIN R AR, S R A
FAMEOT, PAERNRESHERMA R, mHSIREERET, REREBEA L LS
- S B PR B A v, AL AT DA E BN EC A B IR A 1EE 1, I 5 AR Je S
FET Ko nAEX TAFEE SR A FEIE, n EBROCE SRR, S E 75 2 52
BHIERIMEFE], 750 LS 2 AR SE R B R TS .

WRys e 1 IF H ) A z i, Pl e BT LR

OHy oH,
OX oy

5 AT(3-35), (3-34) [FAALAFI3-33), W LUAE FIA AR, 4T x 7T
oS aRA y BT SR R

‘]z_sc -

(3-35)
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@iﬁ_aHx
OX N \n
a(EO (W) ) - 6HX (3_36)
oy = —MoMy ot
oHy oH,
OX N \n
o N m, .
- ox =—Holy ? (3-37)

A (3-36) F(3-37) L4 T Fi PDE BAKAMEE FAS B H A Hy, 458 B8 B2 S i
4 01 5 PR T LA 0 R T COMSOL. s i S X e ol 1 7

F T ARSI, R X R R X s, TR R b, B E=p), AR
AR 1% 2 A

oH, oH
Ap(—L——*

)
2 i (3-38)
oHy,  oH,
a(P(W— oy ) 6Hy
- oy = Mol ot (3-39)
FEAMATAL, BRI s R IL Ik, A
H, =f, (t)
Hy =1, (1) (540

Forr f ()R Fy (1) 2 0 A0 X I REA TE x HIFN y 75 1] B B (] A8 A4 1 738 BRI 5

AN A EAL S I BUE T SO AR, R 2@ e, 2D A
BEATRR Sy, IFXS IR 7, (AT DS 2 b B I DR A s O . & — s R E Q
LN EFAS:N

Q_sc :|Ez_sc*‘]z_sc| (3'41)

RAFHATE] . T2 A I DR AR FE ] LIRS

T
ac_loss = I (intQ _sc)dt (3-42)
0

HrintQ o=/ Q g dsRXI=AEIE,

U, BEERKEAEIRACOETEE, HFELSE % COMSOL 1 HAP Rk B
RURFE

1. i) LAY

2. Fak AW E B A 3 (3-35)F1(3-41) i A R IA 2K (3-34) LA K E=p]ifn A\ B3R fif
Ik

3\ RABIRAL B AR5y FERFAN SRR DX IR Q oo MHUIFIAR 73, AT AR B12 X 3™ A ) #v i

4. SRIBHTTRER LR FA: (3-38)M(B-3)ME Kbl 3R W L H %02 5
BN, R R ERE S A, IR/ N PRGN T T 1A A

5. WFKMIE, WA (3-40).
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1”»,,4:““‘ **"'; SHANGHAI JIAO TONG UNIVERSITY gﬁ:‘[’t%—;Eﬁ%%*#&;ﬁ?ﬁ%%##'ﬁﬁﬁ?ﬁ
3.4 KRB

AT E BN TR A AN A DL H IR S 3 i S AR R ) ) LA £k
PO, BEUER TARGTEALM H RS RE LA MO LA L 7 REaR, 32
T2 A INEYE H T REIE BT BR i A 2 o AEIRA T A TARFEAE 0] AR
PErR TSR R AT 2, KRR ) 47 45 R DA 5 S 60 L BUoRs 6 28 DY 20 28 T =gt
ITVEHRIN 4 .
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B X FELArE
v/ SHANGHAI JIAO TONG UNIVERSITY %:1&%;ﬂ%ﬁ%%*ﬁﬁiﬁ?ﬁ%@##'ﬁﬁﬁ*ﬁ

BHE BETMRXRHRFENNTE

YBCO /= FARESRE . HA KR LK [ 55 [ A 2 2R N7 . W)
WISCHFWT T SRERT AR B, EREER EAATaiiths, NS, £EN, L
AE KB Z R A DT B =42 i D 3 4R T 28 AR Il S M & T2, S T A S
AR AT SRR, AP B B BRI E PR AT 51, BONARSEE . AA . Tl E S E
ER AR E S HAT, 58 GBS 12 2 Fhaiky: 55— MR OBRRERE T A 1
My B AR RGBT (R A . AR TS = AR e IR b, O T RNk
ST AL, IF S EAR Norris Afi b4 FIZH LEAL, IS UEAERYE . 72X REAE b AT 22 %, o
FoT AR SRR 2 A 0 BB, AT e T A AR LA HEZ U g s
Wi, PR HXHREAR A M A PFARFE DI TR R o

4.1 BFEMNA

FEDyEEB AR (AMSC), fFRFER, HAT L4 B0 2 H
BEANETEELNE AT AR 4-1 -

Liquid nitrogen Boundarv] —f
B2 &
6 Boundary? [Substrate e
1712 N om—
Sl L.
substrate side (marked) Hy

& 4-1 AMSC BRHMEHRER
% 41 BEHMEESE

ZHATR KA.
YBCO 2R ¥ 0.004[mm]

W= 0.004[mm]
A A T 4.5[mm]

4-2 Jy3E1H Superpower A F] A7 S “AEIRAEE S A, B AMSC R RFE T IRH R
WL, AR UMRR AN UTRT 3
2 pm Ag

Y
1 um HTS
~30 nm LMO
0.1mm ~ 30 nm Homo-epi MgO

~10 nm IBAD MgO

<0.1 mm



(@) XY Fxdrs

k ” % SHANGHAI JIAO TONG UNIVERSITY % ‘[—hm,mf_’g_(_ =S *Z'X/}IJJ %%if;—"f I‘iﬁ}f&t

AR EEH TN R R, P07 BT R A Superpower [ A —HEANE TE
BRIGHEAT o

4.2 BIRTEM R MRINAE

4.2. 1 BT RBHM SR
WM 45mm, G S 1=87A. BB A S M SE, RS2kt
RS, PRI & 208 7 M SEBR 45 FE . SSU N B 7E A SRR Y F R, P DAAR BNk
4-2 1R LS B AT A B IS AR FE -
% 4-2 1.=87A Superpower 17 B & #A N AT T i EE

lapp(A) ac_loss (J/micycle)
0.1l 3.57E-10
0.2l 1.02E-06
0.3l¢ 4.46E-06
0.4, 1.37E-05
0.51¢ 3.23E-05
0.6l 6.69E-05
0.71¢ 1.25E-04
0.8l 2.25E-04
0.91; 3.79E-04
1l; 6.38E-04
1.1l 1.10E-03
1.21; 2.60E-03

231 1-ac_loss fZk, wTLASEI4NA] 4-3

0.0030

0.0025 lc=87A
0.0020
o
[&]
)
B
£ 0.0015
"'_)\-\.
g 0.0010
<_’I
m
0.0005 -
0.0000 A
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

lapp(A)

B 4-3 W HBRFE
?‘9TEﬁiﬂﬁﬁ%%E@Viﬁﬁ‘fﬁk%ﬁﬂ%ﬁtﬁﬁ%%% Norris 2B (4-1) %t
Ic ﬂo

Qy = {1-F)In(-F)+1+F)In+F)-F*} (4-1)

o F:éo St 4-4 10 F

% 16 U1 3k 42 3
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I,=87A
10 3
COE
Q
5107 ¢
E
'f.)l ;
@ o | —— Norris Thin strip
10 o E 3
106 ' A
100
Tapp(A)

B 4-4 i EE SEBEX

B I AR R0 B A AR, RTCAE W, A A A B LA TR U, S0 Tl it H
75 F2307E COMSOL 1 ELAR A rh 8 @ AL (R IE A M . (A R, B USRS
WM S EHAT T H .

4.2.2 BRI H

VAR KB A 4 5 B R 10mm, TG SRR BB B, I BN S B
SRIIERT o SZANFEIN A= T2 PL R A= /R s, G SR 150A 2] 330A A4, itk
U EIR BT I PN 150A. 200A LUK 330A HEAT T BT . T E

R 4-3 1,.=150A KA B E HA N AT B

lapp(A) ac_loss (J/micycle)
0.1l¢ 2.33E-07
0.2l 3.91E-06
0.3l¢ 1.37E-05
0.4, 4.28E-05
0.51¢ 9.31E-05
0.6l 1.88E-04
0.71; 3.52E-04
0.8l 6.18E-04
0.9, 1.04E-03
1.0l 1.73E-03
1.1l 2.93E-03
1.21, 5.75E-03

17 7 3k 42
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=) - x ¥
,\:ﬁ-)\ﬁ)ﬁ% e o e
s/ SHANGHAL JIAO TONG UNIVERSITY FRERBSTM R MR

R 4-4 1.=200A ZZ KA 8 B AT 45k

lapp(A) ac_loss (J/m/cycle)
0.1l 4.50E-07
0.21; 6.40E-06
0.3l 2.39E-05
0.41, 6.83E-05
0.51; 1.58E-04
0.6l 3.21E-04
0.71; 5.99E-04
0.81; 1.05E-03
0.91, 1.77E-03
1.0l 2.92E-03
1.1l 4.86E-03
1.21, 8.93E-03
3 4-5 1.=330A ST KA i1 B R B N ST IR AR FE
lapp(A) ac_loss (J/m/cycle)
0.11¢ 1.23E-06
0.2l 1.70E-05
0.3l¢ 6.26E-05
0.41, 1.79E-04
0.51, 4.12E-04
0.6l¢ 8.32E-04
0.71 1.55E-03
0.8l 2.70E-03
0.91, 4.52E-03
1.01, 7.38E-03
1.11, 1.21E-02
1.2, 2.07E-02

M = AR K ECAT LU B 1 7 FL R A7 30 P PR A IR AR R R 2R R AT T
N JF gk R DA 3 -

ANE] e Rf 22 i 37 FEE 1

A 4-5 MHFEESHER T X MIEEST

018 T 4k 420



) X FXAAY
SHANGHAI JIAO TONG UNIVERSITY %:1‘%%;Eﬁ%%*#&iﬁ?ﬁi%ﬁ'ﬁﬁﬁ?ﬁ

MR DRI, A S A 1 SERR AR RIS s S It R A S B A kN . BT A
b BOARAN T2 R R, 8 T A I T rE R AN RIS B 25 5 5K 1 R G0E REEAH [R5 =
TR G A ATHE .

4. 2.3 MHEI 1 BEAR i A 40 46

T B T AR R S 8O HE AR MR AN S R R M A 1 B A
IPRFERI SR, X — 16 5 SR AR I IR F 3 7 A ThRE, RESA IR 93 AT B S AR AR 1)
P
W1 4-6 3R A BN M 3R 1 B RE I o A i L, AR BARI S EUE . B 4-7 R
1:=87A AN 0.7 FIFEAE, FEVN HLIR A R IR % t=0.015s 540 Nl 5 2 LR i3 e
H o AatEol, Hr x SRR M5 E, RIFAF 4.5mm, M x Hh-2mm £+2.5mm;y flifC#&
BRI RN B 4-8 A KPERE #4584 1.=150A, %8 29 10mm 1.

T2 -1.5 -1 -0.5 [u] 0.5 1 15 2

B 4-7 XBSHER A _ERTE#S AR

019 U 4k 420



F_REEBSHEM RTINS

8000

7500 [

7000 (10

B500 [

6000 [

4

5500 [

5000 [

4500

4000

3500
=2 =1 1] 1 2 3 4 5 [} 7 g £l

& 4-8 Yy R WM _EREMS 7 A6

M LT K AT BLE R 2, NSRS IE R B R A, R S

TP A RS AN I SI AT I T2 37 1 P B AR A M K P B, AR — B [ 37 55

A P I)—F,  WR2 Ul Sl M R 0 HR B AR AE W, P )Rt b
(RS /EASAW

1073

E,sc = Eo(%)" (3-34)
Q_sc:|Ez,sc * ]z,sc| (3-41)
ac_loss=[] (intQ ) dt (3-42)

Hot intQ o=/ Q o dsRIKBF LML, n=21, 1T J, o EHIEPIH, E, o U Qo
TR PP O E IS AR, T AT LA E 25 1 0 b5 URERE 7 A B ph i )
6] Lo MR — N

4. 3 NEIRRE B HEF 3 R AR A RS2

TE_ b1 AR M B AR b, ATV S SR AR R R R DL e M A IR AR R AR
1, SR EEMA R, SR dEm i e gt — g g

4.3.1 R

4.3.1. 1 /KFHEF

KPR M KPR, @ A —3E— N T MR 1=0.71, 0 A0 & AR A e Y
LRARFEE, HT SRR, B AR RS AR FRE K —FE . HEAR 1=0.71; AL
5, ZJEHESCRACFRCE AR M Z [BIAIEE RS, A 3mm E] 25mm, Fr R e AT AR
SRR IUE, 2ShmEEX. SR1mF:

£ 4-6 KRB B R H B

D (mm) ac_loss (J/m/cycle)
3 5.13E-04
4 4.85E-04
5 4.63E-04
8 4.20E-04
10 4.02E-04
12 3.89E-04

&
S
b=l
b
S
b=l



) X FXAAY

SHANGHAI JIAQ TONG UNIVERSITY FE_RERBSFEHEMRIAFERFENR
gk 4-6
D (mm) ac_loss (J/m/cycle)
15 3.77E-04
18 3.70E-04
20 3.65E-04
25 3.62E-04

HEKF BEEN X AREER

B 4-9 /KPR B X AR I AR FE R M
xR 4-9 4, mrLAE A, WARSMACEBE S, BTX 7 #r=A 7 x
T-& BRI AN Wi, (1SR I A8 PR A A AR 22 LU B AR IO A R B . R R AR AL 11 3
Al MR R, BEE AR A [ R B AR K, AR AR I EL ) R e T 1, e U
M 4 2 () P BE 25 R I 24 10mm Ji5 ELAH R 52 0 il 2 AR ] DL, 3X %) 2 J5 i M e 3542 4 1
—%ERE.
4.3.1.2 EHEFA
PR M T B, 8 DA — 3 — N 5 R B LI 1=0.7 1, 0 Sl WU PR AR A R I A
TARFEAE, TS558 2R FR, BT AR A AR E /N — . SR 1=0.71, AHELERL,
Z G R K RCE AR T A 2 [RIPIEEES, A\ 2mm E] 25mm, 53R HEA TR RS R
MRAFERI LU, IR . 455 aF:
R 47T BEEERT ERRBRFE

D (mm) ac_loss (J/m/cycle)
2 6.84E-05
4 1.40E-04
6 1.96E-04
8 2.35E-04
10 2.63E-04
12 2.78E-04
14 2.98E-04
16 3.09E-04
20 3.18E-04
25 3.30E-04

o210 U 4k 420
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SHANGHAI JIAG TONG UNIVERSITY FREBEESTHM T RIGFIFERR

BHEZEEEEN X AREER

B 4-10 & E PR B B AL MR AE R

gl & 4-10 2k, ATCAERME B, PARTMEERERS, BT e TR
T BRI TGS (EAFRRAR 0 AT TRAVRE (B #02E L B AR AR B/ o A 28R (b k34
RIS R, BEE PR A [P SRR, IR BRI LB R B E T 1o X4 R S Pr b
RSB ET, HIi AR EECER, JFEEN KRG FA R, 7 DUk
PR R B 400N, BERE T 2% 18] SLBE IR A A AR FE = A

4.3. 1.3 faJF ks

Y s M TR) ) B L  10mm, AR [ e He b AR, SO S A AN RO A,
K 4-11.

B 4-11 it B
T DA AT AR 1=0.70c, 43 B PIAR A A P 1SS AR R, T 250
FXRR, P AT BREE AN [, 75 25090 4 HE 20 AR A 0 RS R AR o 2 I SO A i A e
FERMAIEN 0F 90 THHPIRAS IR FES BARTIFEN LUl , flpE R, 5 R F:
R 4-8 AEENERRBFEE

Degree () M ac_loss (J/m) £ ac_loss (J/m)
0 4.94E-04 4.95E-04
20 4.88E-04 4.83E-04
30 4.89E-04 4.70E-04
45 4.94E-04 441E-04

o224k 420



P ZENS

SHANGHAI JLAD TONG UNIVERSITY B_AESRESHEM R FEAR
43R 4-8
Degree () £ ac_loss (J/m) F 1 ac_loss (J/m)

50 4,96E-04 4,30E-04

60 5.00E-04 4,03E-04

70 5.06E-04 3.74E-04

80 5.12E-04 3.44E-04

90 5.31E-04 3.15E-04

—— 7 MR
—=— H MR

B 4-12 A AR5 R R F A

Kl 4-12 ATLAE H, BEE AT i B2 AR AL PR YA ISR R AR T e H el
SE ANBN M = AL AR FEA W AR K, HR R AR50, REJLVPE 21 BTtk
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MEASUREMENT AND ANALYSIS OF AC LOSSES OF
SECOND GENERATION HTS TAPES

In recent years, with the development of the national economy, there is a sharp increase in
the demand for electricity. As a result, the capacity of traditional transmission line is hardly to
meet the requirements. Moreover, as the capacity of power system increased, the appropriate level
of short-circuit current became so large. These problems can be effectively solved as long as using
superconducting technology. HTS tapes are the basic unit of the applied superconductor, and their
AC losses have direct effects on the stability of HTS apparatus. The investigation of AC losses of
HTS tapes has always been one of the most important research branches of HTS applications. In
this paper, the basic concepts of superconductivity are introduced first through its characteristics,
development and application prospect. Then, in the aspect of both simulation and experimental
analysis, investigation in AC loss of the second-generation high temperature superconductor
YBCO strip is conducted. In the part of simulation, the finite element analysis software COMSOL
is mainly used to build a single superconducting strip model to calculate the value of AC loss. On
the basis of this model, more strips in more complex case are simulated. Through this, we get the
trend of AC loss characteristics, and try to explain it in the aspect of electric and magnetic fields.
At last, the experimental platform is established to measure the AC loss. And the results are
compared with the simulation ones.

The high-temperature superconductors have characteristics which ordinary conductors can
not match, leading a wide range of prospects and advantages in the electric and electronic
applications. The high-temperature superconductivity has brought significant improvements in
performance to the existing technology, and new concepts and ideas for the future design. Since
the high-temperature superconductors was developed, its superior performance and potential
applications have attracted many different areas such as materials, electricity, physics and others.

The United States, Japan, Europe and even South Korea, have successfully developed
superconducting power transmission cable, SFCL, the superconducting magnetic energy storage
system, the superconducting transformer, superconducting generators and motors. China's Tenth
Five-Year period has also developed a variety of superconducting electrical installations.

The main fields of application of the high-temperature superconducting materials are in the
electricity and strong electromagnetic devices. As technology continues to change and the demand
continues to increase, high current and strong magnetic field in the strong electric field is very
common to see. In this case, the corresponding high-temperature superconducting high-current
wires and magnet devices have been extensively studied, some of them have had a prototype in
industrialization.

Nowadays, YBCO coated conductor have been supported with a lot of manpower, material
and financial resources in the United States, Japan, Europe, and South Korea and other countries.
There is an early start in the United States and Japan, and they are in the international leading
position, followed by Europe. In China, the Department of Physics research team of Shanghai Jiao
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Tong University took three years to master the skills of second-generation HTS tapes preparation
process, and achieved new breakthroughs in the field of domestic superconducting strip, so that it
bring advanced ranks among the technology areas, following the United States, Japan, and
Germany. At present, the second generation superconducting tapes are mainly two kinds of
structure: the first is a non-ferromagnetic base-band superconducting tapes; And the second is
ferromagnetic base-band superconducting tapes.

In this paper, it describes the mechanism of the AC loss in HTS tapes in terms of both
simulation and experiment. It conducts both the numerical calculation and the measurement of AC
loss of the second-generation high-temperature superconducting strip. In simulation, the model of
the superconducting tapes are under the environment of the finite element simulation software
COMSOL. The model contributes to the research of the different structure of the strips and the AC
loss characteristics in different conditions. It also introduces the hardware and software in the AC
loss test platform, and describes the process of setting up the experimental platform with electrical
measuring method. It was used to get the AC loss of superconducting tapes in experiment, which
is compared with the simulation results to verify the accuracy of the simulation model. The final
paper mostly completed the task as planned. But in detail experimental methods, it has changed.
Through the graduation project, I have a in-depth understanding of the AC losses in the
second-generation HTS tapes and familiar with the simulation model and experimental
measurement equipment, so that I can use them to measure and analyze the AC losses of the strip.

Using the simulation model to analyze strips in different parameters and different
arrangements, the conclusions are as follows:

(1)When the current flowing through the superconducting strip is the same, the larger the
critical current in superconducting tapes is, the smaller the AC loss is. With the development of
technologies and processes, the critical current of superconducting tapes can be greater, which can
not only adapt to greater capacity of the system but also reduce AC loss in the same capacity
system.

(2)For the horizontal strips, external magnetic field comes into being, which leads the AC loss
value of each of strips is larger than a single one. But the larger the distance between the
high-temperature superconducting strips is, the more close to 1 the ratio of the AC loss to the
single one becomes. That means the impact of each other can be ignored when the distance
between the strips is more than about 20mm.

(3)For the vertical strips, the external magnetic field makes the magnetic field distribution in
the strip more uniform respectively, and AC loss value of each strip is smaller than a single one.
As the larger distance between the high-temperature superconducting strips is, the more weak this
effect is. In practical design, when strips are placed vertically and the current is in the opposite
direction, the distance between the strips should shrink, which can save space and reduce the
generation of the AC loss at the same time.

(4)For the two strips which are placed in a certain angle, as the angle becomes larger, the loss
of the stationary strip becomes larger, but the occurrence of the change is very small; The AC loss
of the constantly changed angle strip has been declining, and changes in magnitude. At last, the
AC loss becomes even smaller than a single strip. Therefore, when the distance between the strip
fixed, appropriate changes in one of the strips may be taken. This method may not be as efficiency
as the two strip level placed in place, but was able to reduce the strip in the aspect of AC loss.

As the most basic one parameter, the AC losses of superconducting must be considered in
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superconducting applications. This article gets some conclusions through experiment and
simulation, but due to limited time, the experimental platform is still not perfect, there are a lot of
work need to be done. In this experiment, the AC loss measurement of the strip only be taken in
the self-field conditions, but the practical application of superconducting tapes is in the wealth of
the external magnetic field, and the loss will be more complicated. So in the future there is a need
to consider experimental measurements in a more complicated external conditions. Both
experimental and simulation models have excluded ferromagnetic baseband strips, while the U.S.
strip(AMSC) has a ferromagnetic base, which occupy a certain proportion in the total loss. As a
result, the research also need further exploration. Another limit is that in the experimental
measurement, the compensation coil is not perfect. It needs manually adjusted to obtain the visual
compensated voltage waveform and current. It is because the compensation coil submitted to the
factory for processing is not yet in place. After their production, it is planned to make the
experiment more accurate and objective. Currently, the wave recording instrument used has a
low-pass filter only above 500Hz noise elimination, but three and the fifth harmonic of the power
frequency electromagnetic interference. As a result, the experiment will be subject to noise
interference, especially when the test signal is weak, resulting in inaccurate measurements. The
ideal way is that there must be added a filter and amplifier before the wave recording instrument,
so that the interference signal can be filtered, which is more conducive to read and process
follow-up data.

High temperature superconductor materials are increasingly showing promise for use in a
variety of industrial sectors. Many researchers are devoting themselves to researching
superconducting machines throughout the world. There are significant merits for superconducting
motors compared with conventional motors: only 1/3-1/5 volume and mass, energy savings of
40-50% for the same load, high efficiency, and last but not least, environmental friendliness. To
meet the requirements, all these factors above should be considered. And the conclusions are
useful for reduce the AC loss. Anyway, further research and more work need to be done in the
future.



