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In the last few yearsa large number of NbTi and Nb;Sn sub- aswell as
full-size cable-in-conduit (CIC) conductorsweretested in the SULTAN

facility.

For many of these conductors, the strand critical current was measured
separately asa function of field, temperature and strain.

Using strand scaling relations (inter polation) and the measured strand
datathe“ potential” DC performance of various CIC conductors has
been estimated. I n the estimation of the “ potential” T or | it has been
supposed that the current distribution is uniform.

The performance of the SULTAN samplesis compared to this
“potential” performance.

Rainer Wesche, WAMSDO Workshop, CERN, May 19-23, 2008



)
SULTAN Samples E.(”BL-Q

FECERALE DE LAUSANME

4

p: Pressure Vs Wy — f
H: Heater + - I
Ve ollage Top LTwma - - ||
| 564 mm R:T12/T12a | ‘i |l| &
]| =
Sub-size (hairpin) | [ v ]l L:ToToa =\ i Full-size
R:T10/T10a | V||| ¢
samples Ve i —— W[ samples
. S I R L:T7T7a = =y WYl :
(No bottom joint) lﬂ— —E R:Te/msa | 4 M| (With
Uﬁu V: 795 T-nm —T \ bottom
: L: T5/T5a — =\ vi|]|: -
Centre ofhigh || || || || | \ % N
field region = H, t 300 rmm R: Te/Tea \ } JO t)
Vig Viz 225 mm ¢y NV e
Vis | L:T3/T3a — A | M
= B || 25 R: T4/T4a \l
Vzn Wig —4'_ . TN
T: — — T — zm ‘.ﬂ: \
©@
/@ ot O
2
Hy >/“x_._ ‘ . ;@.t
&/
He inlet/’ Total length: 3605 mm
3

Rainer Wesche, WAMSDO Workshop, CERN, May 19-23, 2008



4

NbTi #3

PFISR

LCJ
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CICC | Strand | Coating Cable pattern NnbTi
NbTi #1 A Ni (INDTi+7Cu)x3x4x4 | 48

NbTi #2 B SnAg (1Cu+6NDbTi)x3x4x4 | 288
NbTi #3 B Ni (1Cu+6NbTi)x3x4x4 | 288
NbTi #4 B Ni & wraps | (1Cu+6NbTi)x3x4x4 | 288
NbTi #5 C Ni (1Cu+6NbTi)x3x4x4 | 288
PFISL D Ni & wraps | (3x4x4x5)x6 NbTi 1440
PFISR D Ni (3x4x4x5)x6 NbTi 1440
LCJ D Ni (1Cu+9NDbTi)x4x4x6 | 864

Rainer Wesche, WAMSDO Workshop, CERN, May 19-23, 2008
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* No significant cyclic load degradation.
* |n 4 out of 8 conductors morethan 95% of the “potential” | . isreached.
* In 7 out of 8 conductors morethan 90% of the “potential” | isreached.

* In NbTi #4 (wraps) only =80% of the“ potential” |.isreached.

Thedeviations from the potential |, include:
 Accuracy of the strand measurements (Strand B, £0.02K,t5% in| . @6 K, 6 T).

« Errorsin strand scaling parameters (Al . typically below 8%, <6 T underestimation,
>6 T overestimation of | ).

» Accuracy of the SULTAN temper ature measurements before 2006
(£0.05 K, NbTi #3,1£10% inl| @ 6K, 6T).

« Uncertainty in the “ potential” |, which isbased on a completely uniform current
distribution and the assumption that each strand isfound with the same probability
at any position in the cable cross-section.

Rainer Wesche, WAMSDO Workshop, CERN, May 19-23, 2008
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CICC Strand Dimensions (mm) Twist Pitch Cablepattern | Ng.
(mm)

VAC Sub- VAC 14.5/12.5 51/76/136/167 | 3x3x4x4 144

size CSMC |[14.52/1252 167 29 (braid) x5 | 145

Dipole Pre- OST 18.4 x 7.7 Jacket 58/95/139/213 | 3x3x3x4 84

Prototype | 7730-2,-3 | 16.4 x 5.7 Cable 24 Cu

PITSAM 1 OST 21.1 x 9.5 Jacket 58/95/139/213 | 3x3x4x4 144
dipole |17.9x 6.3 Cable

PITSAM 2 OST 12.6 x 12.6 Jacket 58/95/139/213 | 3x3x3x4 48
dipole |9.1x9.1Cable 60 Cu

PITSAM 3 OST 15.4 x 10.5 Jacket 58/95/139/213 | 3x3x3x4 48
dipole |11.9 x 7 Cable 60 Cu

PITSAM 5 OST 12.57 x 12.57 Jacket | 34/95/139/213 | 3x3x3%x4 48
dipole |9.1x9.1Cable 83/140/192/213 | 60 Cu

Rainer Wesche, WAMSDO Workshop, CERN, May 19-23, 2008
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Measured T valuesareclosetothe
“potential” T for € =-0.61%.

Cablen values above 20 for |, values
higher than 20 kA.

All measured | . values are close to the
“potential” I for ¢ = -0.61% (no Bl
dependent extra strain required).

Negligible cyclic load degradation.

Rainer Wesche, WAMSDO Workshop, CERN, May 19-23, 2008
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Measured T valuesareclosetothe
“potential” T for € = -0.65%.

Again thecablel isclosetothe
“potential” I for asinglee value.

In the further considerations a strain of
-0.65% isused to calculate the “ potential”
T or |, values.

Rainer Wesche, WAMSDO Workshop, CERN, May 19-23, 2008
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thetriplet CICC showsreduced
performance after cyclic loading.

Triplet: | >15kA | e =750 | pot
(after cyclic loading)
e: -0.75t0-0.90% would fit the data

Rainer Wesche, WAMSDO Workshop, CERN, May 19-23, 2008
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Considerable performance
loss of PITSAM 2 (square
conductor) during cyclic
loading.

CICC half length with long twist pitches shows
better performance and less sensitivity to load and
thermal cycles. Behavior of PITSAM 3 (aspect
ratio: 1.7) iscomparableto that of PITSAM 5 long.
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accompanied by sensitivity to cyclic and thermal loads.

Pre-Prototype and PITSAM 1 are characterized by good performance and negligible
cyclic load degradation. The complete data set can be described by a single value of
strain. A rectangular shape seemsto be advantageous. L ow performanceis

Rainer Wesche, WAMSDO Workshop, CERN, May 19-23, 2008
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CICC Strand Dimensions (mm) Twist Pitch (mm) Cable pattern Ng.

TFAS1 L: EAS 40.4, 37.2 45/87/126/166/415 3x3x5x4%6 1080

R: OST2 (2sc+1Cu)x3x5%6 720

TFAS?2 L: OCSI 40.4, 37.2 45/87/126/166/415 3x3x5x4%6 1080

R: OKSC (2sc+1Cu)x3x5%6 720

TFPRO 1 L: EAS 43.45x43.45, 40.25 45/87/126/245/460 (2sc+1Cu)x3x5x5+C)*x6 900

R: EAS 42.05x42.05, 38.85 C: 3x4Cu 900

TFPRO 2 L: OST2 41.45x41.45, 38.25 | 116/182/245/415/440 (2sc+1Cu)x3x5x5+C)*x6 900

R: OST1 42.05x42.05, 38.85 45/87/126/245/460 C: 3x4Cu 900

JATF 1 L: Mitsubishi 43.9x43.9, 40.6 45x%85%130%250x450 (2sc+1Cu)x3x5x5+C) %6 900

R: Hitachi 43.9x43.9, 40.6 C: 3x4Cu 900

JATF 2 L: Hitachi 42.7x42.7, 39.3 45%85%130%250x450 (2sc+1Cu)x3x5%x5+C)*x6 900

R: Mitsubishi 42.7x42.7, 39.3 C: 3x4Cu 900

JATF 3 L: JASTEC 42.65x42.65, 39.3 | 80x142x178x300x420 (2sc+1Cu)x3x5x5+C)*x6 900

R: Furukawa | 42.65x42.65, 39.3 C: 3x4Cu 900

KOTF L: KAT 43.7x43.7, 40.5 42x80x125x240x450 (2sct+1Cu)*x3x5x5+C)*x6 900

R: KAT 43.7x43.7, 39.9 C: 3x4Cu 900

RFTF Bochvar 43.7x43.7, 40.5 45%84x124x250%x453 (2sc+1Cu)x3x5x5+C) %6 900

NEFFS Bochvar 43.7x43.7, 40.5 Void f: L33%, R32% C: 3x4Cu 900

TFUS1 L: Luvata 43.8x43.8, 40.2 45x86x127%254%457 ITER pattern 900

Alternate R: Luvata 43.8x43.8, 40.3 25%x127%254%x457 {[(6sc+1Cu)*x6+C1]x5+C2}x6 | 1080
14
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| . values after cyclic loading reach =80%
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Rainer Wesche, WAMSDO Workshop, CERN, May 19-23, 2008
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TFPRO 1 & 2
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The data suggest that the
strainiscloseto -0.6%.
Cyclic load effectsare
negligible.

for TFPRO2 OST2 arefar
abovethe*potential” T
No evidence for cyclic load
degradation.

Rainer Wesche, WAMSDO Workshop, CERN, May 19-23, 2008

pronounced cyclic load
degradation. The lowest
T valuein the plot
correspondsto =65% of
the “potential” I.
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Rainer Wesche, WAMSDO Workshop, CERN, May 19-23, 2008

17




)
1931 Summary: Nb,;Sn Full-size CIC Conductors E.(”EL-Q

FECERALE DE LAUSANME

200
180 | m<25Astand  m2550Astand || | | FASI-EAS, OST &
B? 160 E: O50-75 Afstrand O 75-100 Afstrand [ OKSC
S - .
g 140 Z Ratio depends on
g 120 - 5 .
2, 100 11 = current. Extra strain
= 80 1 T or degradation and
2 60 il lower strain.
T [ TFPROL:
O B _I T T T T T T T T T T T T T I BOth |%S areCIO%tO
. t Tl |
A I T R T N P N N NN N N S5 G SR S thel Po. Strain islower
v 0 (P97 XN AY AN O S O S N &
G),\,Q/ q)'\'o é"p rl;C)\J‘_ ?(:‘_;:b ?(:‘_;ﬂ’ q/,O%rLQ%Oé{LJ\QQ\\? \%\30\%\2\’\\?\@}@ &\3*'@5??} « ,\,’erQ—’rb than -0.65%.
v v O 4 \ \ R
NESFRAS < K \f‘/QQ- & K N &Y oK &7 O S TFPRO2-OST2:
Qq_o Qq_o R &<< QQ— Ng ?é( Ng \;3{( ?'SQ ¥ N )
&L & N S ¥ Data are consistent

cicc with € =-0.45%.

Both legs of TFPRO1 and TFPRO2-OST 2 reach | P
JATF 1 & 2 Hitachi aswell as Mitsubishi are closeto | P2
All 4 TFASlegs, TFPRO2-OST1, JATF3-F & J,and KOTF-L & R: | c'¢isbelow | Pt
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Rainer Wesche, WAMSDO Workshop, CERN, May 19-23, 2008

(L

EC‘CI.LE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Statistics

3 CIC conductors
6K <T . <65K
4 CIC conductors
55K < T <6K
5 CIC conductors
T.<55K

4 CIC conductors
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« For NbTi sub- and full-size conductors, a good agreement of measured T (1) with
the“ potential” values has been found. No evidence for cyclic load degradation in the
two tested sub-size conductors.

* Nb,Sn sub-size: Dipole pre-prototype and PITSAM 1 show excellent agreement
with “ potential” T and | .. Data can be described without a load-dependent extra
strain. These two conductors are not sensitive to cyclic loading.

* VAC triplet, PITSAM 2, PITSAM 5 short showed reduced performance after cyclic
loading and/or thermal cycles. T and | . are below the “ potential” values.

* Nb,Sn full-size: For TFAS1I-EAS & OST, TFAS2-OCS| & OKSC, TFPRO2-0OST1,
JATF3 Furukawa & JASTEC and KOTF, themeasured T values(l ) are below the
“potential” values. Most of these conductors are sensitiveto cyclic loading.

 “ Potential” values have been reached in TFPRO1-EAS1 & 2, TFPRO2-OST 2.
JATF1 & 2 (Hitachi and Mitsubishi) are close to the potential values.

* ITER conductors: 7 out of 16 reach T valuesof 6 K or above, 5 conductorsarein
thevicinity of the 5.7 K criterion.

Thereremain doubtsif the potential of the strandsisfully used in all conductors.

20
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