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Fig. 1. Parabolic critical boundaries of stacked tapes.
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Fig. 2. Homogeneous models of the HT'S coil cross-section.

200802-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 75, No. 20 (2026)

200802

SRS ) L 7 2 P i AT 2

Jeo, —a<r<-—w,
2J, z |a?—w?
J: <0 n ( 22) s |x‘ < w,
T aV w?—a
— Jc0, w<r<a,
9)
0, 2| <w,
B.= |z| Va2 —w2+av/x? —w?
Brln w< |z <a
oy Sk
(10)
|
_‘]C(h
4 2 .2
Jeoo |1+ — arctan (m % )] ,
T aV w?—a
_ 2J, 2 w?
J = ey [2 arctan (a: a4 5 w2 ) — arctan (x
T aV w?—a a

4 z a® — w?
—Joo |1 — —arctan | —y/ ——— ,
T a\ w?— a2

JCO7
0,
|m|\/a2 —wi + a\/2? — wi
B, = wo+/ |z? — a?|
|z]\/a% — w2 + a\/z% — w?
B |1 —21
f<n wo /|22 — a?| !

M ow = wy I, HERRNERRRLAICA B 5E 2
B, WA HL L5 S 3 1 A ) A A 2 T
wo AR T WA T FE, ELXF 7 Mk 55 Fi, 3t 285 32 B A7y
{8, pras s MECIRAS B FF R i1k, PRI, A SOk
?M%Qfai_ﬁﬂ’]ﬁ?ﬁ%ﬁﬁﬁ%)‘(%%ﬁﬂﬂ% B, ik

Jﬂzﬁl\ %JrXT H /nuﬁ VT 00N LRI R, AR SC

X UL RERON G T TIEIE. B IR f i AR

4 9 S 2 W 5 a2 B A ) TR A 800, HERR Y
AR ERHEIE

2d' = 2(1 —i)d. (14)
BRI, 7 (7) Hh im0 A R
w = a/ cosh(B,/By), (15)
Hr,
Be= pJo/m x (2d). (16)

a? — wi
2 _ 2 ’
wg — a

Hrb B R SSRGS (3B 3085
B RA PA T B LU 2 A 2 B S O
R, R AR TR ARG T AT 2 DI (e
PRAEL. — LR 7 W (B 2 (L, P U 2 O T A
13 0B K AR SO A, S B R AR A B AL B,
L, MM B, kB HARER R A R (E
WS, FLlf Sl 07 e

Bamax
woa(l B5>' (11)

FH I AS ) 1) R 25 B A

—a<z<—w,

—w < |z| < —wp,
|| < wo, (12)

wo < |z| < w,
w<z<a,

|z] < wo,

Wo < |:L'| <w,
(13)

|z|vVa?2 — w? + av/z? — w?

w<|zr| <a.
wy/|x? — a?| )7 l«

TEHLRERFAE A i R B A S L T
HYEN, FeERE By SHHETTRE (15) iy w 2
PR/ N, I S A G B XIS s S m . H
AR e R LR R AR 1 A S S AR s
JITiZs 2 1 2 VG RE B2 O T W AR R R
B A TE, A SO HTS 2R B8l 5 X 8 3% 43
AT HEATEA , DA ZRAEI b b 2 R 5 R 1) B 3k
P :

B(+w) = B, F poi/ (2d) - (17)

BT TR (13), (15), (17), A SCH T 4h
e 5 B U RIVE RS HTS Ll Aah At
[ BhAS 78 N FEMTAR AL, 1207 il it 5 A R &
1E 53 i, FAE T i AN 3 R S e T
F1 38 N T 5 2 1) R R XS BRI By, AT A B AR
FJZ TR DR TG A0 A S S Am B AR 1) FLVAPE.

200802-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 75, No. 20 (2026) 200802

i FREARTTIZ

TERfE T I ZE AR IEBES IS, itk —25
A HA 2R R R A, AR T RREG A T 4h
T 37 5 10 2 T FE U R A DL B9 dE At SEad

A A oy, R BEAUER TRER %
) HTS 28l B AR 5] o0 A iy oL I 8 B8 . BT
Biot-Savart xE Rl E-J R HRAM LR, #hiKES
AT UFRIR R

3.2

A=A+ Aexs (18)

Hrr Ay Ao s MR IR B E Jo FAMEE
Bey MG TS AT UFIR A

V2A) = —(pod + V?Aext). (19)

HI TH SRR BRI J. 7R, I HiZY

TG V2 A = —pioJex L. L, 4 A 6F

BT, V2 Ao =0, HTS LB 2 in i Zin

W s mm. R AR T PR rh A Mk dal 43

b NAHTT, E 3 R, iR i=1,2, ..., N,

R RITH B AYS R R IR A E J. XL

(IR B AR Sy B

N
Ai = Ao+ £2 ; KijJi.

JUE K Al LI N BY

%SGR AR A i L 127

RETHRLRN

By = — (0, /27) Hu [m (u2 + v?)

B, = (poJy/27) Hv [ln (u? + v?)

Z=—d z=d
J1 Jz

Element 7

(wi; 2i)

WY

- |JIn—r JIn

8 3 JoRRAAE AL H i B 1 5 B R 43 T
Fig. 3. Uniformly divided elements for current density in an

infinite-length model.

=L

/H\qjxlj<x<x2j, 21j<Z<22j.fD§iE/‘J¢"[}
XN (2, 2). & u=a;—a, U7
# K LUFRN

xl —a/)? + (2 —z’)ﬂ dz'd?’,
(21)

V=2 — 2

FARCHE, TR 4 TR HTS 20856 Thlxifr, Hore A(r) WAk

MICER K MFRIKAFR N

T
ij:/
0

1 T — T2 FiTE2)
Kij - _5 [[g(u’ U)]u:wi_wlj}v:zi—zu‘ 7 (22)
g(u,v) = uv [In(u® + v*) — 3] + v” arctan(v/u)
+ v? arctan(u/v). (23)
(20)
BAXIAE y I7 ) DERSEA IR, WAE
w (7, 2) IR ERFIR N
|
_Ho S o w N[
Ay(z,2) = 4WJ[uln [u + (zi — 215) } 2u + 2(z; — 21;) arctan (zz — le) ]u o (24)
A(I,Z) :ﬂAy(l’,Z), B(I,Z) :i’Bz(Ivz) +7:’BZ(I,Z), (25)
Ay = —(pody/4r) Huv [In(u” + v*) — 3] + v” arctan (v/u) + v* arctan (u/v) } x:wZ r:zz ,
V2 _ 1} + v arctan (u/v)r:w }2:22 ) (26)
vz _ 1} + warctan (v/u)r:m r:zz .
2m !
/ / / TJ_G r'dr'dz'dg’. (27)
. 2 2 72 / ’
T2j zi —215)" + s+ 1% =2 cos(0) + (2 — 215
/ In i) @) + (=i~ 219) cos(0')r'dr'de’. (28)
\/(zl — 205)2 4+ 72 472 — 2107 cos(0') + (zi — 225)

T1j

200802-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 20 (2026) 200802
T (24) HAREIMENCH
- “0‘] / / / Cos(g) r'dr'dz'dg’. (29)
\/ 242 4% — 2117 cos(0)

H HACA R AR (25) H BIAT K H o B HTS £k
Pl Bre & B R B SN S A k. TR, DAk
R BRI SR 8 RE A S HOBRR I, AR SO
HEZERSIAT AR B, 2R i R 5 Rl
W 5 AL P R Bh A AL, A T AR AR AR
T

J:f(Bz):

By

Je , F(2) <|z|] <a,

"Bo+|B.(x,2) + Bi| ()<l (30)
0, |z| < F(z),

=> > B.(J). (31)

Az

(724, 214) (724, 22i)

,,,,,,,,,,,,,,,, e
T

(72i, 214)

4 Bl FRBER rh g I B A A 9 R o BT
Fig. 4. Uniformly divided elements for current density in an

axisymmetric model.

JHG 2k
HEBTAITHRIN JHB, COMSOL with MATLAB
oA . ' | e
A
J= f(B:)

¥ I 32 5 3 R

| st 3

B, e, c3 BB R P

A

SR LT FEF(2)

Il 5 SAH B HIAT 2 8 i e ]
Fig. 5. SAH model execution logic flowchart.

TSNS B, 15 BB BRI Y
LT I A, AR TR e S Mkl 52 B4 =S 1]
JUTRFIE. HAA T2 AR &l 5 FrR ) iR
REAS S B XA RS AR AL F A, A R il S e
RS R P BB A LT 5 R IR 5 iR 22,
SR T AR () e S M .

4 (FRAEE LR

EIXT HTS Ji 3 2 P8l 4> = 2 ()5 FAR R A 4
JEE G L AR ) E R O Y TR T, AR SR 3T
FEB N AR i R M. AR 37 0 A BRIk A
TIE B4 A SO £ Bl B 2k B S R0ON TERR AR HE S A A
HEATIE L. $E 0L, At 2SRl 4h F ML, B 2 4 ) =
AP B o3 i R R (BB ) S 9hmIRTFR (B
LB WA 2 T ARLE T S SR, AnfEl 6 .
o T F R v A TR B R
=) \NI) ey k=91 | bl V§=:¢ e SRS =8| 3
OYERE R 2 2R, FEOR FE O F T AL RRTE A )
i, ﬁ%ﬁﬂﬂﬂ% HTS £kl 1A%

FERRARAY

W\

Libag e

HTSHliE 2

6 =4k HTS B 2k i ol e
Fig. 6. Approximate 3D model of an HTS racetrack coil.

T VAR TR LAY PR R, ARSI ik
MERIE 225 Je e, I HaH R 45 R S A St
1) SAH 4RI [ A% 55 () LH #5836 4T 7 % He A4 AT
FE TR IE R, i AR R 5 EARAS T
WAL | HL B AR S T ARE T BE. [RIA,
R E SAH B RAE S 2 T 00T i HER 1 5 S

200802-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 20 (2026) 200802

PR, ARSCH T —22 @ B LRGP &5 . 52
e AL T 60 M1 i 5 YBCO 5 b il i i
BRI, G AR Lo o~ 149.55 A, HIL{a 4544
WK 7 R, BPRAS EZBOR S i BeHaL. HTS ¥
ML B N 2, TR S48 5 16
TN 1 .

\ T

MU 2 L L

LabVIEW

B 7 R REAESNNRES T RS AR FESL 1 4 5

Fig. 7. Experimental setup for measuring the AC losses of a

DC-carrying coil under external fields.
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Table 1.  Geometrical parameters of the HTS racetrack
coil.
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Fig. 8. Average AC losses of HTS coils under different ap-

plied fields (I, = 10 A).
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Fig. 9. Normalized current density distributions J/J,(B) for
infinite-length and axisymmetric models of a racetrack coil
(t=15ms, B, = 0.1 T).
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Fig. 10. Instantaneous AC losses of an infinite-length HTS

model.
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Fig. 11. Normalized current density distributions J/J.(B)

for infinite-length models under different fields.
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Fig. 12. Average AC losses of the HTS racetrack coil model

under different fields.
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Table 2. Accuracy of AC loss calculation for each model under all operating conditions.
TH S5 LHAA WRER/% SAH#ARY BRER %
TeBRAARAI0.1 T, 10 ABRSZSHBFE/(W-m™) 14.487 13.132 9.35 13.914 3.96
LRPE 0.1 T, 10 ASEHIASEE /W 25.94 21.577 16.82 24.594 5.19
LI 2AT0.1 T, 60 AVHISEHHIFE/ W 67.051 53.496 20.22 62.47 6.83
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Fig. 16. Average AC losses of the HTS racetrack coil model

under different DC currents.
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Abstract

Accurate evaluation of alternating current (AC) losses under coupled direct current (DC) transport
currents and time-varying magnetic fields is critical for the thermal reliability of large-scale high-temperature
superconducting (HTS) coils. However, traditional homogenization techniques frequently suffer from severe
staircase artifacts and numerical discontinuities due to their reliance on rigid division, resulting in significant
loss deviations. To address these limitations, this paper proposes an advanced self-adaptive homogenized (SAH)
model based on dynamic critical boundaries of electromagnetic evolution. Utilizing a field-decoupling strategy to
extract external field extrema, an effective thickness correction is incorporated into the parabolic analytical
equations to precisely capture the asymmetric spatial profiles of the flux penetration boundary. This boundary
evolution is then dynamically mapped onto the coil submodels via a parabolic gradient auxiliary function,
effectively smoothing current density transitions and eliminating discrete artifacts. The baseline fidelity of the
reference model is rigorously validated against a customized experimental setup. Quantitative benchmarks
demonstrate that while the traditional LH model exhibits computational errors exceeding 20%, the proposed
SAH model robustly restrains the numerical deviation within 7% across all operating envelopes. Furthermore,
the SAH model exhibits superior robustness in extreme scenarios involving rotating fields coupled with high DC
bias currents by self-consistently tracking the topological shifts of subcritical regions. This work provides a
highly scalable and reliable numerical framework for the design and optimization of complex, large-scale HTS

devices such as superconducting turbines, magnets, and cables.

Keywords: high-temperature superconducting coils, alternating current losses, homogenized model, applied
field
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