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Fig. 2 External compensated bridge and wireless strain testing equipment
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Fig. 3 Winding equipment and strain measurement device of superconducting coils
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Tab.1 Information of coils winding

2 Pl d/mm R,/mm  R,,/mm b/mm F,./kg
Sa 1. 300 122. 30 138.97 90. 17 6.1~6.3
S. 1. 064 138. 97 158. 70 90. 17 3.9~4.3
S 0.790 158. 70 178.03 90. 17 2.2~2.4
Su 0. 740 190. 33 202.93 90. 17 1.9~2.2
S 0.745 202.93 215. 54 90. 17 1.9~2.2
Sas 0.635 215. 54 223.99 90. 17 1.3~1.6
S. 0.639 223.99 232.43 90. 17 1.3~1.6
S 0.639 232.43 240. 88 90. 17 1.3~1.6
Sy 0.639 240. 88 248.12 90. 17 1.3~1.6
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Fig. 4 Coils assembly lifting and arrangement of temperature and strain measurement points
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Fig.5 Real-time data interception of strain on the outer skeleton during the winding process
AL B ER () NS il 1) N S SE 2 R BOE Bl R MR L X B TR MR R i — B
Pl 6 rh Az e AT L 2R R S B i A DA B Bl A SRy B R PR O B SRR B 1] I 52 2k
7 T 10 WA 4 o 7 B ) DR A R ) T R A050 0N T A JRE R ESC. Hht T N AN L R R Y SR AR B — B, HL SRR
S 2 B AR TR ) TR g R A (] 2 SR SR O [ I 9 4 TR AR AN T B2 B R AR A 1)
BEAE T . AESMU B JE A S /N T OB 28, S 5 AR . B BRR R R AR T SRR AR Y RS I I S
N B 2 ) IO 728 R T A SRR 55 1T 6 T A0 A A 1 S T A 00 4 A R g R AR

800— T T T T T T l
400
W 0+
= |

=

2] -400 +
-800

n NCL&hH o NCIFRJH 2 AL

12004 * NC2BE ¢ NCFE o NC3BE TR IR%0000,, |

- - NC3%H) NC4H 7] NCAFR [1]

T | T T T T T

0 10 20 30 40 50 60

PR B 2 P8 el )2 4
2000 T T T T T T T
1500 ® s o

i B0 OO
- NI
EEEE R0

- aEEmRAA A SOOAK
1000 — ﬁmrmm”j\” ORI A .

o AEE
B AR
FEX OO

oz e=ad

ANANAALAN
AN AAAAANNALANAANSALNNNNNNN LA PANN NSNS NN NI

e
ey

353‘5?‘5%7,‘,&1&“% »
X H B T T TN
-15004 » WCIHiFE  © WCUHHE i '\*fj/‘)ff:f"’clf%({b%&\%j@x;;x\yﬂ oo ]
A WO - WC2HE o WO T g SR
-20009 . wessp - wealii - WCARRR ]
T T T T T T T
0 15 0 75 90

30 45 6
SN IR el S 22 B

&6 Ca) PRI 20 N7 A5 I 208 2 J2% B0 o g SRR e 107 5 (o) AU B 248 iy 78 [ 298 288 )23 5 1 o iy 52 AR e i
Fig. 6 (a)accumulation of inner skeleton strain with increase in the number of winding layers;

(b)accumulation of outer skeleton strain with increase in the number of winding layers
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Fig. 9 Temperature and strain variations with time during the cooling process of the coil assembly
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Fig. 10 Current and strain variations with time during the excitation process of the coil assembly
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Mechanical properties testing during winding and cooling
excitation processes of the split superconducting magnet
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Gansu, China; 2. College of Civil Engineering and Mechanics, Lanzhou University, Lanzhou 730000, Gansu, China; 3. Institute of

Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, Gansu, China)

Abstract: The test platform, composed of components such as a superconducting magnet, Dewar, and
cryogenic system can realize the force-thermal-electrical-magnetic multi-field testing of
superconductors, in which the superconducting magnet functions to provide a background magnetic
field. The split low-temperature superconducting magnet can generate a uniform transverse magnetic
field at the center, and its semi-open structure provides convenience and large space for testing. The
split low-temperature superconducting magnets operate in low-temperature, strong magnetic fields,
and high-current environments, verifying the structure and performance of split low-temperature
superconducting magnets is necessary because these conditions can cause the complex electromagnetic
forces, thermal stresses, and assembly forces they carry to deteriorate the magnets’ electromagnetic
performance and stability. The dynamic winding process of superconducting coils, as well as the
excitation and cooling processes of the coil assembly, were experimentally studied in the research
applying wireless strain testing method and using techniques like cryogenic strain gauges, cryogenic
thermal sensors, and Hall plates. The findings demonstrate that the strain accumulated in the coils
during dynamic winding is approximately linear with the number of winding layers and falls back
slightly with time, and the strain of the coil assembly and the surrounding magnetic field in energized
conditions have a high synchronization with the excitation current, the properties of the
superconducting magnet testing and processing procedures can be efficiently revealed by the strain
evolution law inside the coil.

Keywords: split superconducting magnet; coils winding; wireless testing; cooling and excitation



