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To obtain higher magnetic fields beyond 16 T, ReBCO high temperature R iron yoke
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superconducting (HTS) tapes are applied to the superconducting accelerator e T T o s doubte pancake
dipole magnets. The Institute of High Energy Physics (IHEP) Is designing a \" LA
3-T HTS coil to be inserted into a 13-T Nb,;Sn dipole magnet at 4.2 K. In B 8 IS || 2 double pancake
order to improve the stability, the HTS insert has been optimized with 4 - [ ] | -
double pancake coils, which are wound with the 2 mm thick and 9 mm wide o= - +—3 double pancake ’
multi-strand high temperature superconducting X-cables. Due to the large N - I ||| —
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size of the HTS filaments, coated conductors are strongly magnetized. HIScol e hperture Y.,

Therefore, superconducting accelerator magnets based on ReBCO tapes
might experience a degradation of the magnetic field quality in the magnet

apertures. As a consequence, T-A formulation is employed to simulate the o |
critical current line
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LPF3 magnet with the H'TS insert HTS coil layout

screening current within a cable made of parallel tapes. The numerical The critical current of the superconducting tape is influenced S0

magnet model has_ been built to quantify the i_nfluence of the Screenin_g by the magnitude and the direction of the magnetic field. With 00 -

]Surrent—ln_duced Field (SCIF) fand the external iron yoke to the magnetic the maximum external parallel field below 17 T at 4.2 K[1,2],

leld quality at a reference radius of 10 mm. According to the results, the . . : : :

deviation in the dipole component from its designed value calculated with the the critical current Is dominated by the perpendicular field. For [ et curvent 3034
simplicity, only the perpendicular field is considered when @™ "

uniform current density distribution is 0.18 T, which i1s about 1.1% of the
calculating the load-line. As can be seen from the Fig. 3, the

designed value. At the design current (7580A), the SCIF has the largest
contribution to bs, which is about -6.1 units. While for the higher order margin in current is around 35%, and the operating margin in
the insert Is around 30%.

multipole components, the drifted value caused by the SCIF are lower than

+ 3 units. The contribution of the iron yoke to the a, exceeds that of the
SCIF at 7580 A, which is around 36.08 units.

current (A)

Load-line margin 30%

1 A J. A e l A ] A J. A L
2 3 4 5 [ 7 8 9

Maximum perpendicular field at coil ('T)

| = = I
~ 2.Simulation Method - wp T
I \ '
)
u’ ul uI ||I ||I ||I ||I ||I LLI J/J g_ﬁ 6000 I l’ \\\
- Wwaun l! ) 1 1 “ hul ”I .Ju ‘;;.‘ ' .l l [} 6 2\ 5000 - I, \\
- ” 0o . = _
T-A formulation H formulation EELERE \
VYRR U ».‘uuwﬂ .;h. i \
- | -1 0.2 S 0l \
WL un Ui i G 3 / \
] — V X T .),,L_.._';' i - 10 2000 |- ,’ \\
_ I/,/""\\\\ uay g Al 14 :‘> //——-\\\ . - 1 -0.2 1000 _ I' \\
B p— V X A ] — V X H |: \:, =I/ \‘: . 1 0.4 -" \‘
| Jonnnn \ g ‘ o .+ o0 ooy ey
aB aH Seelo o iy RN 111" - - -0.6 0 100 200 300 400 500 600 700 800 900
V X E — V RN 1 I _ 1 0.8 time (s)
at T L )
—_— MHHRERN II I; .
VXB=u J T - In background field
i In background field i n dackground fie
I I IJI ‘IHI"I"I t=480s,1=0A, n:"," ,,,,, t:650_3;|:7580A,
. . . I Bcen=12.98T il Bcen=16.08T
The E-J relationship of HTS materials can be modeled by the
power law
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homogenous 7580 16.22 -3.29
Total 500 1.69 -57.87 0.66 -2.13 52.4 -8.29 1.67
magnetic field
quality 7580 16.04 -9.41 4.10 -1.09 4.14 1.81 0.81
500 0.43 9.96 -1.18 2.06 140 -8.39 0.42
lron yoke
contribution 7580 1.26 -0.71 -0.13 0.37 36.08 -0.45 0.8
SCIF 500 0.19 -49 543 0.01 -86.5 -8.67 0.6
contribution 7580 -0.18 -6.1 2.35 1.8 1.63 -1.06 -0.63

For the main dipole field B1, due to the SCIF, the central magnetic field 1s reduced by 0.18 T, which Is
approximately 1.1% of the designed maximum dipole component. It can be compensated by slightly adjusting
the current in the magnet itself (around 1.1% of the maximum current). The iron yoke improves 1.26 T at 7580
A. At low current (500A), the contribution of the SCIF to the by, b, a,, a, Is about 8, 2, 40, and 8 times of those
at the design current (7580A), respectively. At 7580 A, the contribution of SCIF to b, b, and b, far exceeds that
of the Iron yoke. It's the opposite for a..
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