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Adatract

Mgasurementy of ha transition :current 8 i
*upction af  hoth  applied magnecic fleld ana
taEperaturs are presentsd a2 an squivalent
"s318tivity for various producticn and prototype
sagnet 2onductors. The curreat range .3 from & few
mperss o '4.0 kiloamperes (rom '0' T to 10.0 T
wpliee Tleld. The range in teaperature was '.7K to
1,6k, he statiastical average of :ha over X0
Tevatron sagnet cadla samples vas 5,!07 amperes for
In effective resistivity of 2 % 10 ' Jecm at 3T and
4,28, Daza are presented for the new 10KkA, 10T
"Rucherfora Style Cable”™ and for :ne tesapsrature
‘ange 9 1.7 to 4.3K for NBTL and YBTLTa, and the
3.07, T4A. 4.4K conductor for the "SSC" dodelst,
‘Superconducting Super Collider®?,

Introduction

Theas data represent probably the _argest nuaber
3f nigh current (SkA) at %.0T critical current
Seasursments Zade. The asajority of the critical
SurTent ests were done on hairpin saaples, Sut those
~esults Jers carefully calibdrated against long sample
seaty, bHoth at Fermiladb and other Laba. Therelorse,
the sansitivity of the hairpin test was quits good
for the dulk of the 'Tevatron' samples, dut had to be
~qealibrated for aesch fev cable geometry or
sultikiloampere conductor used In Newer sagnet
arototypes. The facility at Fersilad that aseasures
thess caBles has & aaxisum current capability of 1
«iloamperes with 2 maximum magnet [leld of 10.5 Tesla
and operates down to 3 temperaturs is low as 1.6K.
The basis for this system was the short sample test
faeility for the '‘Tevatron' cadble conductor. Ouring
*he last fev years, howsver, the ewphasis gradually
changed over to magnet oonductors which would be
suitable for the new proposed 'Supsrconducting Super
Collider' prototype magneta., Fermilad has also been
involved with "KEX" in a development progras for a
10T dipole, based on a ternary 10kA cable wound (nte
4 aagnet winding operating in a  superfluid
anvirorment. Cue to the variety of uses and needs of
the sagnet protyps progra@ (3ee Daper this
Conferencel, the facility'a range of operating
parameters nas gradually increased to the prasent
values.

Experiments) Test Procetures

Thars are twd solenocids with the 7.5cm  aparturs
which are available to produce the csgnetic flelds
used in the Deasuresgnts, one producing a saxisum of
7.0, ana the other 10.%5T. Thers are alsc | sster
dipoles avajlabls for teata up to 18kA and 5.0T at
temperatures betwsen 3.2 to 4.6K. The long sample
asasurenants in this paper, as wll a8 tha
resistivity ocorrelation “long t0 hairpin® sasples
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were done In small <cOLls whers Ne sample wag
soldered onto a stainless doppin With copper inpus
ringa.' Brookhaven National Ladvoratory allo furnisned
Cables measurements obtained in their 5T dipele, using
bifilar ssmple 20il measursmentcy’. These were used as
another I(ndependent 3ocurce of calibraticn for the
system. The accuracy of the hairpin samples for the
nalf Cu~Q ang silver tin coated strand cables vas
$1.5 x 10°'? Qecm and +2.% x 10 ! geca for ‘the all
Staprite (Sn=Ag) strand cables at SkaA, 5.7, ane 4.2K,

There are 3.2 %o 4.2X sampie tast set~ups lor
both the 7 and 10.5 Tesla solenoids. In additlon,
there (s an ampient preasurs superfluid sample holder
and neat exchanger for the 10.57 sclenold which 1is
presantly capable of currents up 0 13kA. Thers 1s
also a high rfield caloriseter vhich has & rangs from
1K to rcom temperature for the 1' detarminations at
field up to 10,57.

The long sample measuresents have attained
senaitivities of 2 or 3 x 10 *? g«ca repeatedly. The
samples ars asasursd with 3 four terminal networy with
the voltage taps far enough away from the 2urrent

Joint 30 aa not %o be lncluded in the current transfer
length.

Results

The astatistical average of the 90 plus
‘Tevatron' cabdles oeasured vas_5107.1 =24 amps for an
effective reststivity of 2 x 10 ** Q-cm at 4,25K ang
5.07 perpendicular sagnetic field to the wide surfacs
of the saspls. The data (s broken down LInto yearly
intervals and the older cables (those produced In an
sarliesr year and being retested) are taken out of the
sampls. The results are shown in Table 1.

Table 1

'Tevatron Cable Chronological Performance’
5.0T, 9.2K, peff = 2 x 10 '* Q-cm

1981 464 samples 5122 £ 44 amperea
1982 275 samples 5002 : 49 amperes
1983 104 samples 5138 = 18 amperes
1988 4 samples 5822 r 36 amperes

Diffarent Cyt
80 - 82 73% samples SO0TT = 29 amperes
83 - 8% 157 samples 5288 & 19 amperes

‘Low § Quad Cable Chrenological Perforsance’
53 - 8% 20 samples 6780 Amps

Standard Tevatron Cable
copper valume/! NOTL vol.

strand {strand diameter 0.0268")
NOTL 2080 filament each
9 aicroma LIn dlameter

cable 11 Stabritas coatad atrands

12 Cu-Q coated strands

Low "8" Quad Cable Lt

1.3 copper volume/1 NBTL vol.

(strand diameter 0.02687)

NBTL 500 filament sach 20 miorons
in diaseter

Cable ~ 23 strands of Stabrite

strand

0013-9464/85/0300-0975301.00@ 1983 [EER
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Tn Taole 3, tn tNe LNt nand COMLURN,  Llere el
typleal 'V' valuss fiven for 1DOUL 4 juer.er U i
1amplas Teasurad and evaluated at the oseff « I x 0 '}
i-cm 3¢int and “he jecond column of N'3  laclude only
*hoss <ith  Le83 %“han 2 standara deviacions [rom the
average.

) Table 2
*Tevatron Cadole Chrenological Yerformance’
N = log aeff/log &

k| h ]
Lats '380 1%.3
Zarly 981 20.3 2¢.3
Late 1981 - 180 1T
Zarly 1982 1§.2 5.3
-ate 1982 4.2 g
Avg. 1983 16.6 15.1
Avg, 198% i5.! 20.4

An sxperisent was perforted o dJdetarmine  the
degrading factor of the strand critical current after
it haa veen fabricated (nto 3 sulii-kilcampere cabla.

The cable waa firat aade rectangular and then
xayatonsd %o the normal value used In the 7.3ca
aperturs dipole sagnets.® Length of the <eyastoned
230le was uaed 0O Ouxe 4 sagaec (modal)., a test Length
wAS cut o short samplae, and & test Langth of the
rectangulac cable was cut vith enough excesa lengeh of
each strand befors the coopacting ana <cabling sceps
that they 2culd be testez insividually. Thea the
rectangular cable, Gthe keystoned <able, and  the
individual scrands Jers tested.

The relatlionship Decuvsen ths strang shors sampla
and that of a flalshed cable L3 ahowm Lo Figure 1.
A" srandl for the summation of ths strand currents
and the arrcowa show the correction applied for the
salf field of the cable. ™W" stands for the worst
strand x23 in the cable. There was no aeasurabls
differsnce Datueen the Xeyatonsd cadble and the
rectangular one. Thers i3 about a 13% loss in current
carrying capacity In a 5.0T fleld av 4.2X for a 6000
ampere cadDie Over the strand sumsacion cqurrent.
figure 2 snows Lhis same data in the fors of J, (#)
4.2K varsua sagnetic fleld.

In Figure 3, the oritical current denaity is
plotted as a function of applied zmagnetic fleld for
the last 100 Tevatron cables (n 1983 with a point
showing that of the naew 1983 nigh current density
cables. Tha 1982 Tevacron cable 13 shown in the sane
plot. The Cfourth sagnet conductar shown in Tigurw 3
is the 3.2K caple data for the 10kA, 10T suparfluid
(1.8X) sagnet oconductor.

Tha current to cospare the '0T conductor to the
standard Tevatron cadle, 13 the 10kA, '0T cable
conductor carried 13,100 amperes at 5,07, %,2%k at a
geff = 2 x 10 '? g-em.

The high field cable prototype differed from the
final version in that It was made with fllaments wiich
wers about twice the diameter of those in the proposad
cOnAuSLar. Tapiw 5 gives a oriaf deseriptlion of the
cablies atrand. Tabie U gives the oritical currents
tor varicus cablas seasured for the prototype prograd.

In Figure §, the data for the ternary cabie 13
plotted as critical currant denaity aa a function of
applied field for the tarnary alloy. The remainder of
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The c¢ritical current is plotted a»
a funceion of tha applied field for the
23 strand cable. Points are plotted for
the summarion of the currenti in each of
the stranda corvected for self-fisld
{Arrow langth). The worst strand current
times 23 is also plotted similarly.
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Flgure 2
The current density of the average
Wri{ filament of the sverage strand in
a cabies is plotted as & function of
fiald. The finished keystoned cable
is plotted as well {(sams type cable
as that in Figure 1),
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Discussion

A loC of progress has besn 2ade Ln the last Cew

years in the understanding of how o abtaia high
cuprrent densities (i.s., « 2000A/mm® ST, 4.2K in NBTL
alloys) and this is reflected in the present high
performance cables®. For example, 1988 Tevatron cables

with

the

5250 Asp critical currsnts versus %200 Ampes at
start of construction, in ¥y, for 37, 4.2K. Tha

critical current densitiea of the Sernaries at reduced
temperature up to flelds of 10T make it possible to
dealgn an efficient 10T dipole at the present time.
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