A0 % HE 4 S § =S Vol. 40 No. 4
2025 4F 8 JOURNAL OF EXPERIMENTAL MECHANICS Aug. 2025

XEHS:1001-4888(2025)04-0506-09

I S G ) e B im B #% i A2 R
M A R

REE", ZLRE, FUA, THE
(1. TG#BRE GHEE N EFWE ST, B 2M 7300005 2. 2 MK + KR TR S 5%, Hid22M 7300005
3. E Rl B A ELAF T T, HO 22 M 730000)

BE. 98 FHA AL IKERASTAHBRARG KT S TERARFRG H-R-2-B %3
MK, L PR FRRG DR RRBET R, SRIXNKERBFHEATEPSA A S
Y, AR F AKX LM A MRS T RA ek KO RAEZ R, b T AhXBFEIKETT
1RiR B KB AFREF ARG L LG ER) AEANBRERADF TRASGERL &S
e, A ENHAEN R LR TEE, AXLESBEARELE R KBRLERE
BRERAEMNANE ALATFAEEEMNXFEFEATRFEBAODSLAT R KBAMH
GRR R R, SRAN . HEREAHEZBARENE T SRR EHREMELR KR
XA B EAMERHRGA DL BEFH TEFEXBAFGE T AL R B G5 WE
AR BAFOR T X B NS E RIS A AR TR FEARE AN T 50 KA
HAE,

KB R FEK; KB ; LEMNK; BB

FESES: 034 MEkPRERD: A DOI: 10.7520/1001-4888-24-077

0 BlE

PR AR IR A 5 B PR AE AT T S o F 3 B B 58 v L T A G R A N TR R 80 R B AR g A i
1825 71 i 2= S BORE PR S50 R AR SO BEME RE T I L 2 J O R R AR R o TR L B X S AR T
AT 12 R 2 G PR REBEAT SEIR BT AT AT BE AR T RE R A B AT T TR

WS Rt — e 0 3 W i T BT JF e T OGO MR 72 . A O 230 R PR AR
I 3 2 SR G 0 T R 2 T ) T R AT D T 3 D e T AR L AR v Y R R A R S B
BT AR AR I T FR BRI AR R R I A T LB AR R ) i AR Y i R 2 R Y R
ARG 3 PR BEL I A8 B A8 2 A T SEMEAR B TR T L BRI A SRR iy iR e i g e
RS A 11 B R IO AR A L 2 AR b TR A DT L B B AR TR A 4 S

S B AR A A5 AT P T 20 08 e 2R 0 S A N 9K T R 2 A D) g R A e B AR 2 TS S T
JEH AR AP B R AL 8 S i o R A o T8 B R B ) S AR D T A T e TR T A 1
AR, HL 7T B 52 i) 0 14 14 14 Pl R P T8 TR 235 A i P WONT T K 2 BB 11 58 ) ok o AR S 19 0 38 4 A X 4
TPl B S B AR RE R A B R

» YR B 2024-05-02; B BHI: 2024-06-14
HEEWMAB: BEARFERETHE (11932008, 12327901)
BEEE: TAEW Q2 ) B . @4 BEARW., NFEBEEIKR % BN E2Y % 8UE 5 RSB . Email.

xzwang(@]lzu. edu. cn



54 TR A S . oA e 1 1 e ) K o TR Dl ot 2 v ) g 2 1 BE I 3K 507

AR SCEF XA T AR AR R S A L O T T AR B Y R e e L SR IREL L AR R TRk
O A2 S LA M2 11 T 2 0 3o vk 0 B A i SRR R AT TN AR I, O 4 T T B AR rh 2R 1 1Y
J1AAT 0o BN RSO T T Rl A 2 Vel I T % il i e 7 9 0 3 20 A 5 AR 8 B 1 X 32 20 R AT
e AR 21217 A ad B Y SE R BT

1 HEEHEIRETRE

1.1 HMER&EBEEH

R SRR ab 2 AIXEFR B LB L B 1A AMRIRIE R Si ~ Su v Si ~ Swe . HiHT, Si ~ S
(S~ Sus ) G T B DI B 22 (S~ Sap (S~ Sio ) G TSN B L & 4k P8l 58 8 — 350, 9 3% AR R RR
B NbTi #8245t .

2 Pl BB B A1 I 2 O A 4 L 4B LA L FE AR
B U RS2 P50 . FeH A R 07 08 ot
SR R G MR S T
Mt &5 LAPN A 10 B v, 1 B 2 55 96 A 5 288 4 fi
FLAT BRI W Z B A . P ARG A 1 A
U S AR 4 He il B o 4 L A DR IE % 4 0 3t
23 (] JE A% 1) i T S o A T 4 B A b B Ao
B, KSR E R AL R R T U B R S 2
o o 55 Fy 58 B AT £ SIE R 4k BB R 3R K H R
NG Ree 4iatr, LA, 5 1% k FA 5 3

MRS TR He AR S B I, ik e R 5 2k B I 3 K1 Al 5 e ek 435
PEEER IR AR T e L B Al 1. LB 41 Fig. 1 Split superconducting coils and
AL o POAT FRL R A i 78N 55 N Ah 5T N the magnet structure

AR L B S 2 A S5 A 1 TR
1.2 WiKRIE

TR R LR B2 AT TR IR BT v, T R R IR 04 K T P BEL R AR e R AT 0 A AR i .l
S V1A AUK T 0 2 4% v BEL I A8 o W 7 T A 2 P 9 T L > R AR 2 VB A2 1 AR TR R IO A DX 4 e 2 K
R AR 1 AR BE =2 A8 Ak PR T 5 R A8 R e Ei BEL AR Ak L &% A8 B A5 0 A8 =2 T 64 56 ZR L R BELISE B R T I
A 5 H L BHL AR b B 2 () Y 56 R 0] KRl

AR/R = Ke (1

X RS AR Jy A8 R A BEAT A B AS A bt s K R 8 e I REAE

T T B AT 3 PR v R 2 AR M I 4 R B A2 B A S I R S MR i AR R A AR R
AR R Ay 48 e I o A R AR SCOR A L 2 2 0 T s B A0 M ATR 5, O 45 I AR fige R A R
R, T A RSO AR R A 4 H R R A A R NS DU R A R A R Vo B TR

Rgnuge
eV, (2)
Rgaugc + RL)EVI -

T« R 29 AL 7 FELBH 5 Roo 47 fff 38 FLREL sV, S i 981 I #9102 28 A s FRL O

S8R T Y SR AN B SR A R BR T RLAE B B AR A 5 2 v BELA O Y L L I 3 2 3 A
T 7 5 | JE ) 5 2 A 0 3 DB B AT R i 2l 7 A 0 A 0 B o OB RN AT B A AT 2 e 0 P
AR H A R W Rine™ «Runes BIHZA B s Ry (R, AR AP A B 5 S.7 LS. 2% s vy He Al o5
GND RR#H , BLAh . i T8 S 2 B 14 S8 1l 2o R 2 A5 19 o 15 G0 A7 2 D7 3k 52 BT AR 22 38 4 10 48
LM TC 1% 58 Mz i F  BAR I, SOA S5 I T TR AR N5 1 AT A5 5 R A AR B L {5 5 1 i ikt
& IEHIT WA 2 HMER

SH Aty L R A 0 SR VG R P A R T A R e Y T D LR IR R AR Al i A% SR rL B

Vm\l -



508 S, (2025 4F) 55 40 %

Wity et

]

=2

iH5EbL

SR

Rlin93+ sz

2 AMERRMER 5 02k iy 2 I i e A
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

£ 1 d/mm R./mm  R,./mm  b/mm Fo./kg
Sa 1. 300 122. 30 138.97 90. 17 6.1~6.3
Sz 1. 064 138.97 158.70 90. 17 3.9~4.3
Ses 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.s 0.745 202.93 215.54 90. 17 1.9~2.2
S 0.635 215.54 223.99 90. 17 1.3~1.6
Sar 0.639 223.99 232.43 90. 17 1.3~1.6
Sas 0.639 232.43 240. 88 90. 17 1.3~1.6
S 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
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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.8 Temperature variation of coils assembly during the complete test
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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

DAI Guoxi'?, WU Beimin®, XIN Canjie*, WANG Xingzhe"*
(1. Key Laboratory of Mechanics on Disaster and Environment in Western China, The Ministry of Education of China, Lanzhou 730000,
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



