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DC Performance of Nb,Sn Cable Joints with multi-interfaces
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Abstract

The joints with multi-interfaces was expected to have low DC resistance compared with those with

single interface.

The small size joint specimens joined with Nb,Sn sub-cables were fabricated to investi-

gate the DC performance in the range of 0 to 600A transport current without external magnetic field.
The joints with multi-interfaces have a few n-Ohm resistance, which is much lower than that of single

lap joint.

Because the interfaces between sub-cables of multi-interfaced joint are more complicated than

those of single-interfaced joint, the soldering condition between sub-cables is very effective on the joint

DC resistance.
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Fig. 1. Schematic drawing of multi-layer
lap joint and its electric circuit.

m

A7 A2 B =8 A Vol 13, No, 2, February 2000,

9% JY A HYHe a9 1-ad 2L YyEHE 4
Zte] sub-#AolBE€ ZFe €elBe] Yo nAyW
., A8 FoAAM M2 FEFAEF B3 Phold
(7). 29 1-b9] 2= R 4 194 BXo| 2 &7
B R Ay 1 AelMe AYgE g¢ AY R
ol zt FolM FYtn JHFEE AF, AM HEgR
olAle] Mt st 4 1oxst o] P A Fo) o
Hl3l3t] R/5 =] A e Aoz ANdd

R1=R2=R3=R4=R5=R (1-1)

o= _R:XR; _R
Z]“Rl R, Zz— R2+R3 - 2 N
- RXRs _R i}
3= RFR, 2 (1-2)
1 1 1 1 5 R
— = e e — I - = -
Z Z, Z, Z; R Z 5 (1-3)

7|4 RE 24 E Alo], 24 EH 78 &8 H Ao,
ey, 1221 del AYE 9 A 2= HEYE A
A A, Z= 47 By =K e A8 vehig

28 glo] sub-AHolE 9E Y HYHIE &
A-4Md(strand-to-strand : STS) AYE HFe=
a9 2-a¢t 9. RE Yee &AM AAdi(strand
support) 19 945 WHo2 FerHA sub-FAol
E 992 ud X g HEYAZDY, 19 2-ae
sub-#Ale]&¢ 7|2 HE pattern® vehi glon,
a3 L sub-Ae 83 B X pattern ©] 37
T AHYYY 5 dEEE a9 2-b9) go] #¥E 5
Rk, AN A3 AL A 29 Zo) HY AAY A
ol o uia 3o R/6E B4HE AL ¢ F Ut

R1=R2=R3=R4=R5=R5=R (2“1)

Z= RGXR‘ = B— Zo= R2XR3 = E

'"Rg+R, 2 7% R,+R, 2
_RxR; _R _
v RIR "2 (2-2)

1 _1.,1.,1 6 R

—_ = = e == 2-3

Z 72, 7, 7, R 6 (2-3)

2 xax BRol Ay wlge] gjAoluz HiHR9
EAe] 24 AF7 B¥EE ¢ £+ do, Fyuyi
¥ sub-Alo]E WHE HEY ¢ deopz HigRo
2 2Me 32 AFE oS 124 B¥E 5 U

olg} ol sub-FAlolE BHZ HYHE HYRE
2 ExA BRe] EXEC] HYPRolM HY |
A= o] AF7 U B2A Hol AA HPAYo



oo HEAAE 7 NbSn Aold HEH-o HAF Ay 4o olx, A7, AA%, FAY, A7

Ztolale Ag & U & d¥dMe 293 ¥
HEAE, o2 R JPAY, 283 374 bE 24
N+E ZE sub-Flol 8 EHE AZ2HE 24-24
HEAEE BEol AF A%E vyt

Sub-cable

Cu (strand support)

(a)

2
TR
—— —
o
3 —»
Re
— D

(b)

a8l 2. 2M-4M(strand-to-strand) e A
gz 9 57 HEx

Fig. 2. Schematic drawing of strand-to-
strand joint and its electric circuit
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Table 1. Properties of the strand and con-
ductor for joining

Strand
Diameter 0.81 mm
Superconducting Mat Nb;Sn(+Ti 1%)
Non-Cu Critical Current
Density at 12T, 4.2K [ ) 700 A/uw?
Non-copper Hysteresis
Loss +3 T ( 600 mdJ/cc
Manufacturer EM-LMI
LMI Maufactured

Conductor )

supplied for test
Jacket Material SS316LN Copper
Number of strand | 144(3x3x4x4) 36(3x3x4)
Sperconducting 112 28
Copper 32 8
Void Fraction 36 % 45 %
Outside Dimension 13.8%13.8m OD 8.4
Jacketing process Drawing

¥  2.9x¥9 =2

Table 2. Heat treatment recipe

25C/hr heating
50C/hr heating
75°C/hr heating

220C 175 Al /A
340C 96 A1t A
650C 180 Al A

100°C/hr cooling
* 25cc/min argon supply

HEE7 € 2B 2ME9 a2F ZY(Cr coat-
ing) gitel 27 AANGRT =@ Iy F
F4(Sn)o] £§H 2 EHLR FEHE AL
Bx37] Y8 GTAW £3Ho 2 AMEY EHg
¥ sealing 3ttt AYol AH8E o8 Y 2 =
e HYRE YT X, 2Fo)|A GxE FYyxe
DAY M E 29 & =S argon Y
7oA dxizisdet. JEE 392 Sn60Pb40 9
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Fig. 3. Test specimen for measurement of
DC resistance
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Distribution pattern of sub-cables
in the cross-section of the joint
specimens.

Fig. 4.
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Table 3. Measurement of DC resistance for each joint

&€ | LHe
Al ¥ {I=144) | (4K) H) 12 (27))
mOhm | nOhm
No.l : multilap | 0.3637 | 4.3 8.5X40mn
No.2 ' singlelap | 0.6405 | 65.8 13.5X 40mm
No.3 : 3strand | 0.3429 | 6.97 | 40mm overlap
No.4 : 9strand | 0.3593 | 1.63 | 40mm overlap
No.5 : 18strand | 0.4039 | 1.4 38mm overlap
No.§ « 9strand 1 0 169 | 1000| 40mm overlap
(lack of solder)
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5. Transport current vs. Voltage drop relations of each joint specimen (from No.l to
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Fig. 6. Cross-section of No.3 and No.4 joints.
Strand diameter is 0.81=m. (a) 3
strand sub-cable joint, (b) 9 strand
sub-cable joint.
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