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Shanghai Synchrotron Radiation Facility (SSR

432im, 3.5/GeV, user. operation started from 2009

an al-fof!t’x.-ray EEL"fac-lll'l:
a5 32 m, 1.5 GeV, user 6 51:
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SSRF is a 3.5 GeV third generation light source, opened to users in May 2009,
now it has 38 beamlines and 55 end-stations in operation for user experiments.
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O Overview of Institute and Research Group

» The superconducting wiggler at SSRF is a home-developed high-field insertion
device with a peak field of 4.2 T. It serves as the photon source for the BL12SW

hard X-ray beamline

NbTi wiggler in SSRF The model coil of NbTi wiggler
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O Overview of Institute and Research Group

» As China’ s first SCU with storage-ring beam commissioning, the SSRF
superconducting undulator prototype has a 16 mm period, 9.5 mm gap and 50
periods, with 0.67 T design peak field and 0.57 T measured field.
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HTS wiggler in SSRF The model coil of undupator
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» So far, SSRF has limited experience in HTS magnet applications. We aim to build up

relevant technical capabilities starting from the design of a 15 T HTS racetrack coil.

> LTS: NbTi
Tc: <10K
Bc: <15T

Engineering application realized

> HT?REBCO tape
T.:{>25K
o

Bc: >25T




1. Requirements of the 15 T HTS coil
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Main parameter for 15 T HTS coil

Parameters of Thin-substrate HTS Tapes of SST

Central Field >10T
B,..x Of coil <20T
Arc Radius 5mm
Max. Stress <600 MPa

Cooling Method

LLHe bath cooling

Operation temperature 4.2K-20 K
- VPI
- Stycast 2850+CAT 24LV
1o/l <50%

ﬂ

width (mm) 4
thickness (um) 50
. (77K, B 200 A
. (42K, 15T) 200*2.29 A
Bending radius (mm) 5
SREER7 BSHRE =274 Ic(77K, s.f.)
=53 85-120A
3mm =EEE 120-145A
R EaE 145-165A
W b 110-160A
. 4mm EEEE 160-200A
., ‘3{” Bt 200-250A
HBFEH =53 360-500A
12mm EEEE 500-600A
B ERE 600-800A
_i7 B 4 tst
EHEE/M

30um KSR
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»Turn optimization reveals saturated field and »>Double-pancake optimization shows saturated
cost-efficiency at 600 turns (5 DBs, 1T mm field and cost-efficiency at 7 pancakes (600 turns,
gap, 50 mm straight length, 4 mm arc radius, 1 mm inter-pancake gap, 50 mm straight length, 4
200 A operating current). mm arc radius, 200 A operating current).
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Conclusion: 7 double pancakes with 600 turns each DP minimize HTS tape consumption.
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2. EM Optimization of the 15 T Racetrack Coil

Straight-section 50 mm %T
length & |
. S N
Arc radius 5 mm : E:
N s
Number of DPs 7 N N
8- 8
Turns 600X 7 \ s
lop 300 A N
EM results for HTS coil (Bmax=20.4T)
o 326 A
Length of HTS tape 120*7
B ax 20.4
Bcenter 197
Hoop stress 220 MPa
Radial stress 50 MPa On-axis Magnetic Field Distribution
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2. EM Optimization of the 15 T Racetrack Coil \

» The previous current and magnetic field were near the coil’ s performance limit. Based on simulation
results, we adjusted it to a central field of ~15 T at 235 A.

700 —#—[-B of HTS coil Straight-section
I(B)_20K length 50 mm
600 —o L(B)_10K Arc radius 5 mm
—=—](B)_ 4.2K
500 Number of DPs 7
<
T 400 Turns 600X 7
)
3 loo 235 A

300 f
| M Top 42K

N MM Ic 478 A
100 } B 15.7

max

6 8 10 12 14 16 18 20 22 B 15.1

center

Bmax in colil (T)
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3. Structural Design of the 15 T Racetrack Coil

Conduction-cooled
board

Conduction-

/ cooled collar

Double
pancake

G10 board

winding
former

HTS joint
Current Led
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3. Structural Design of the 15 T Racetrack Coil

O Bridge-joint structure: adjacent double pancakes bridged by 12 mm-wide tape, Sn63Pb37

HERSNRTERNES

. . o
solder, melting point 183 °C
uQ-m W/MK | 10°7°C Mpa
Sn-In51-Bi32.5 60 0522 22 334
In-Bi33.7 72 0422 26
Sn-In26-Bi57 79 37
Sn-In29.7-Bi54 81
In-Bi67 109
DP . |#1 Sn-In52 118 0147 |34 20 12
col Sn-Bi58 138 0383 |19 15 55.16
In97-Ag3 143 0075 |73 22 55
In90-Sn10 143-151 9.7
In100 157 0072 |86 29 188
Sn-Ag2.8-1n20 175-187 | 0176 | 54 28 468
Sn-Bil7-Cu0.5 180-203 | 0155 | 445 19 375
Sn-Ag35-Bi05-InX | 194-206 | 0138 | 52 26 48
Sn-Ag3.1-InX 204205 | 0131 |56 27 51
Sn-Ag3.0-Cu0.5 217-218 | 0132 |58 21 50
Sn-Ag3.8-Cu0.7 217220 | 0132 |57 2 48
D P CO| |#2 Sn-Ag4.0-Cu0.5 217-220 | 0.132 62 515
Sn-Ag0.3-Cu0.7 217-221 | 0133 |60 20 40
Sn-AgL0-Cu0.5 215227 | 0133 |60 23
Sn-Ag35 221 0108 |33 30 39
Sn-Cu0.7 227 0133 |64 26 345
Sn100 232 o111 |73 2 131
Sn-Sbs 245250 | 0145 | 28 31 407
1 2 mm H TS ta pe Sn-Sh10 245-266 | 0.149 42 27 44
. Sn-Au80 280 0224 |57 16 276
Adjacent dOUbIe_panca ke Ge-Augs8 356 0151 |44 134 185
leads Zn-Al-CuX 382 0124 |76 27 226
[ [ sn-pb37 183 0146 |51 25 52
(4 mm H TS ta pe ) Sn-Pb36-Ag2 179 0.145 |42 27 44
Sn-Ag2.5-Pb925 287-29 | 02 26 24 29.03
Sn-Ag2.5-Pb955 209-304 | 023 25 2 31
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Thank you for your attention!



