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Thermal stability in of small coil using Ta barrier MgB, wire
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Abstract—We have fabricated a small test coil with an AIN former by employing Cu-Ni
sheathed Ta barrier MgB; multifilamentary wire made in a wind-and-react process. An over-
current was applied to the coil conduction-cooled in an initial temperature range between 10K
and 30K to investigate its thermal stability by measuring temperature distribution in the
winding and the terminal voltage after the application of overcurrent, The experimental results
show that permissive temperature rise without thermal runaway decreases with the initial
temperature, while total heat generation for the thermal runaway has a maximum at an initial
temperature around 14K. We also numerically calculated the responses of the test coil to the
overcurrent by simulating the electrical and thermal process with a finite element method and
V-I characteristics of the coil. The comparisons with the experimental results show that the
electrical and thermal responses are rather well reproduced by the numerical model.
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B X5 LB/ E WS Ta &2V, F72, Ta OIMANZIE Cu-10%Ni & (LA
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IZ Cu ZBELEL 7. Fig. 1(a) (RN TH OB EHEM OBWT R L~ T. 20K, b
HINBAME 6 E00RIITRBINCHIRL, ZhE Cu-Ni AE&BITHARAATE. HRY
N RITEOVERRLTZ Cu-Ni ¥ —R Ta /307 MgB,/6 R OREWTE % Fig. 1(b), ZD{Lkk
% Table 11T, BHII#E D MgB, BInE a7 HhiX 9.5% TH5H. VAR YFiX 50
mm THA.

YERL 72 Cu-Ni > —R Ta SU7 MgBy/6 & E FV TV AR A VEAERILU T, A5
Z2CrE, BBRL TOHLEULE %269 Wind-and-React {E% 15 FH U7, VLR, Ar KUk
HC, 600°C, 1B &Lz, BARLIZBM O R ST 58m T, /v DX — #5113 400 TH5D.
AV EEUNT 0.0082 T/A THD. 128, MM REOMRIL, TEMENT T AL EHLET IS
DELTz. Baf B ERHEITIZEDND, REIBEEN BT/ R B 7 AIB (LT,
AIN EHET) LTz, FERIK, 35 mm (R 78825 mm), /M2 98 mm, X 48 mm THD.

Table 1 Specifications of the MgB, 6-filament wire

A Cu-Ni [~
Ta i ' ';\ ' Cu-10%Ni-sheathed wire
) ’ v } Barrier Ta
4| MgB, Wire dia. 0.78 mm
MgB,/ Cu / Ta /Cu-Ni
Cu Structure 0.095/0.06/0.10/0.745
Twist pitch 50 mm
Fig. 1 Cross sectional view of the MgB, Number of filament 6
mono-core wire and 6-filament wire. Filament size 0.10 mm




Table 2 Specifications of the MgB, test

Voltage tap

f __ I Wire Length 58 m
i *’ vt fea Coil Tnner dia. 35 mm
= 2 ) Outer dia. 51 mm
L — ,’ <«— MgB;coil Height 48 mm
- § - : <— __ Bobbin(AIN) Turn 40x10
- e , Inductance 3.66 mH
i o«
-~ il Coil const. 0.0082 T/A
2BV 7 2 3. 4.8 e 7 & SWEM Insulator T-glass
Fig. 2 A photograph of the MgB, test coil. Resin Epoxy (i vacuum)
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Fig. 3 Cross-section of present cryostat
and the MgB; coil.
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Fig. 5 Responses of terminal voltage and sensor temper-
atures to overcurrent. (a) 1.0 1, ,(b) 141, ,(c} 1.51,.
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Fig. 6 Temperature rise in T, after 300s appli-  Fig. 7 Start temperature dependence of total heat
cation of overcurrent. generation for thermal runaway.
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Fig. 8 Temperature dependence of n-value eva-  Fig, 9 Numerical results of sensor temperature.
luated from the coil 7= characteristics (T=14K , I=1.5L)
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Fig. 10 Numerical results of sensor temperature. Fig. 11 Comparing between experimental and
(T=14K , F1.51) analytic result of thermal runaway current.
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