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1. Summary

HERA dipole cables consist of 24 strands of diameter 0.83 mm
with Cu/SC = 1.8. The critical current specification is 8000A, not
self-field corrected, at applied field 5.5T and T = 4.6K. There is a
sizable effect due to the field produced by the conductors
themselves. The specification value corresponds to a true I, of
about 8650A. In this note we will refer throughout to cable I 's
which are self-field corrected, for T = 4.6K, B = 5.5T. Wire self-
field corrections are smaller and more complicated and are not made
custcmarlly Jo values are quoted for 4.22K and 5.0T, for ease of
comparison with“other conductors. The measurements are actually made
at temperatures between 4.35 and 4.45K and converted to 4.6K. The
calculation has been checked by raising the He bhath pressure and
making the measurement at 4.éK.

IMI asked us to measure a specially prepared cable as well as
the strands of which it was made. Recently their cables have been
somewhat lower in critical current than those made by BBC. A recent
group of IMI's with relatively high I.'s, 9600 : 100A, gave the
1mpressxon that they had solved thexr problems. However, a group
having I.'s of 9100 : 100A then followed. Examination of some of
these cagles showed evidence of filament damage. As a result, LMI
paid special attention to mandrel control and strand tension during
cabling. A short length of carefully made cable was sent to us for
evaluation. The 24 strands were left attached at the point of
cabling so that we could remove and measure these also. Finally, the
cable was uncabled and the separated strands were measured.

our conclusion is that this cable has low degradation and
therefore the cabling parameters are under control. But it also has
low critical current because the wire J. is low to begin with. IMI
have made high J, wires in the past, and if they can be combined with
the latest cabling improvements a respectable product should result.

2. Wires Used to Make the Cables

Table 1 lists the results for the 24 strands that were used to
make the cable. The mean value of the critical current is

I. = 441 211 A (T = 4.22K, B = 5.5T)

c
n=18.5 1.7

The cable value correspond to this current, converted to 4.6K,
is

Ieaple = 24 X 441 x .861 = 9114A.
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The critical current density was calculated assuming Cu/SC = 1.8
(there is some uncertainty in the value determined from resistance
because of the Staybrite layer).

The mean values of J. at 5.5 and 6.5T, 4.22K are 2279 and 1772
A/mm ? respectively. The estimated value at 5T is

Jo(ST) = 2530 A/mm %

Figure 1 is a histogram of the critical currents at 6.5T and
shows a spread of almost 10%. Flgure 2 is a scatter plot of I, vs.
n-value and shows that the I_ variation is probably due in large part
to variations in filament cross-section (sausaging). The wire n-
values are somewhat low and this may be the cause of the low J
values. Scatter plots of I. vs. Cu/SC ratio or vs. normal state
resistance did not show such correlation. As Fig. 3 shows, the
control of Cu/SC or resistance is good, the variation being about 2%.

3. cable Results

Table 2 gives the measurement and calculation results for this
cable. I, (5.5T) exceeds the 8000A specification, but it is 600 or
700A less than a typical BBC value. -

The degradation is

8930 _

v g

= 2%

As is customary, no self-field correction has been applied to
the wire data; hence, the true degradation is somewhat larger.

4. Wires From the Taken Apart Cable

Two wires broke during uncabling and were not measured. Results
for the remaining 22 are listed in Table 3.

Mean values at 4.22K are:

c(5 S5T) = 424 *14 A
Io(6.5T) = 332 10 A

The mean n-value is 17 at both fields. The estimated cable current
at 4.6K is

24 x I = 24 x 424 x .861 = 8760 A. (4.6K, 5.5T)

wire
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The wires from the cable are degraded in regions correspending to
bending at the edges, but much of the wire has little distortion. we
would expect this current to lie between 9114 and 8930 A. That it is
lower is probably due to the fact that the wire value is not self-
field corrected.

Comparison of the wire results before and after cabling gives a
value of 4% for the true degradation.

5. gonclusion

The performance of the cable showed a small amount of
degradation. The critical current at 5.5T, 4.6K was 9114A. This
corresponds to an I, value in excess of the DESY Spec. But, in order
to get currents comparable with the BBC values of around 10000 A the
starting wire critical current density would have to be increased to

2530 x (10000/9114) = 2775 A/mm > (5T, 4.22K).
There is evidence, Figure 2 above, that Jc can be improved by

better filament geometry - i.e., reduction of cross-section
variation.
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TABLE 2.

Cable: LMI Special

B
50
55
59

R295=

B
50
55
60

T
4.399
4.404
4.372

21.1

Ic
10030
8930
7840

It 1g
9956 11058
8964 10269
8183 8969

RRR= 75

Ia
9200
8190
7170

17
18
17

-—- Measured

-- calculated T=4.6K
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FIGURE 1.
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FIGURE 2.
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