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The production of high gradient superconducting 
quadrupoles for the Tevatron DO/BO Low Beta insertion is currently 
underway at Fennilab.The two-shell design utilizes a 36-strand 
Rutherford style cable produced by Lawrence Berkeley Laboratory. 
A measure of cable quality is usually given by a comparison of the 
critical current of the cable with the sum of the critical currents of the 
strand. A recent study involving variations in the cabling conditions 
and dimensional parameters has resulted in a significant decrease in 
degradation. Over the period of cable production degradation has 
been reduced from an average of 12% to less than 4%. Some cable 
samples measured by Brookhaven National Laboratory exhibit Jc's 
in excess of 3100 A/mm2 @ ST. The adjustments to the cabling 
procedure which arc believed to be responsible for the reduction in 
Jc degradation will be discussed. 

Introduction 

The Fennilab Tevatron Low Beta system has been designed 
to provide a high luminosity interaction region at DO and an identical 
insertion which will be instal1ed as an upgrade to the current Low 
Beta system at BO 1.2,3,4. The project requires the construction and 
installation of 20 two-shell high gradient superconducting 
quadrupoles 5 as wen as low current single-shell high gradient 
trims 6 and conventional Tevatron correction coils. 

Conductor 

The specifications for the Low Beta two-she11 quadrupoles 
set strict performance requirements on the strand (Tab. 1). 

Table 1 Strand Specjfications 

Diameter (mm) 

Filament twist 
Copper to NbTi ratio 
Number of filaments 
Filament spacing (s/d) 
Filament diameter 
Minimum filament spacing 
le at 4.2K and 6T 
Jc at 4.2K and ST 

O.S28 + o.oos 
- 0.000 

0.8/cm 
1.5 
612 
<0.2 
13 microns 
> 1.5 microns 
> 193 amps 
> 3000 amps/mm2 

Twelve billets of material, yielding approximately 7 million feet of 
strand, were produced for the project by IGC/Advanced 
Superconductor, Inc .. The composite, Nb 46.S wt% Ti and Cu, 
was drawn down to the final diameter through an anneal and 
coldwork schedule designed to optimize the maximum critical 
current density 7 ,8,9. The results of short sample measurements 
made at Brookhaven National Laboratory for representative strands 
from each billet gave an average strand Jc of over 212 amps@ 
4.2K and 6T 
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The 36 strand, Rutherford style cable was produced by 
Lawrence Berkeley Laboratory on the experimental cabling machine. 
The LBL machine was chosen because of its 36 strand capability 
and the exacting mechanical tolerances of the cable (Tab. 2). 

Table 2. Cable Specifications 

Number of Strands 
Twist (Lay length) 
Mid-thickness 
Width 
Keystone angle 

Degradation Stydjes 

36 
7.2 - 8.1 cm 
0.897 +/- .QI S mm 
9.779 +/- .013 mm 
1.06 +/- .03 degrees 

Early cabling attempts resulted in degradations of 
approximately 10-12%. Degradation on 23-strand and 30-strand 
SSC cables made on the same equipment typically range from 2-S%. 
Strand critical currents are not corrected for self field effect; the 
reported degradations are. therefore, lower (of order 5%) than the 
true degradaton. All cable measurements do, however, take into 
account the self field effect of the cable which is larger and more 
variable than that for the strand to. 

The high gradient quadrupoles require conductor with the 
highest current density now available and any reduction in the cable 
critical current would result in diminished operating margin of the 
magnets. Over the duration of the cabling run, which lasted 24 
months, the degradation decreased substantially. The degradation 
and critical current density are shown chronologically as a function 
of run in Figs. 1 and 2. Details of the procedures used in measuring 
the cable critical current can be found in references 11 and 12. 
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Figure 1. Cable degradation as a function of run illustrating the 
reduction in degradation as improvements were made. 
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Figure 2. Cable critical current density (Jc in kA/mm2@ 4.2K and 
5n as a function of cable run. The two points above 3100 Nmm2 
are for cable with a thin edge compaction factor of 0.81. 

The early improvement in degradation was obtained by a 
slight increase in the mid-thickness of the cable, thereby reducing 
the compaction of the thin edge. It is well known that the thin edge 
compaction plays a strong role in degradation of keystoned cables. 
The compaction factor, defined as t/ld , where 

t = thickness of thin edge 
d = strand diameter 

is 0.76 using the cable parameters given in Tab. 2. After the first 
four cable runs, the mid-thickness was increased to 0.909 mm 
giving a compaction factor for the thin edge of 0.78, resulting in a 
decrease in degradation while remaining within the allowed 
tolerances. 

Additional improvements were probably due to contributions 
from a variety of sources, such as minor adjustments in operation 
and setup of the cabling machine and careful attention to the overall 
stability of the machine during each run. Despite the gradual 
decrease in degradation, other factors which could possibly 
contribute to the larger than normal degradations observed were 
investigated. 

It had been observed that there is a correlation between 
strand diameter and degradation. Figure 3 is a plot of degradation as 
a function of strand diameter for several cable designs currently in 
use. The values for the degradation are only approximate. The 
correlation between diameter and degradation suggests that the 
specific tension be scaled according to the diameter of the wire. It 
should be noted that 1his correlation can only exist in the absence of 
other contributing factors. 

The spool tension used for the first 19 runs was 2.3 - 2.5 Kg. If the 
tension is scaled from the 0.81 mm diameter SSC Inner wire (spool 
tension= 3.2 · 3.6 Kg, Cu/superconductor ratio= 1.3) to the 0.528 
mm diameter Low Beta wire (Cu/superconductor ratio= 1.5) then 
the !deal spool tension should be less than 1.8 Kg. The spool 
tension was reduced to 1.4 - 1.6 Kg for the last nine cabling runs, 
which reduced the degradation to an average of less than 4%. 

The extent of the contribution of the thin edge compaction of 
the Low Beta cable was investigated further by increasing the mid
thickness (beyond the allowed tolerances) such that the compaction 
factor was raised to 0.81. Two short cable runs were made with 
increased mid-thickness, resulting in degradations of less than 1 % 
and cable Jc's in excess of 3100 A/mm2. 
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Figure 3. Average cable degradation plotted against strand diameter 
for a few cable designs currently in use. The empirical relationship 
between strand diameter and degradation pointed to strand tension as 
a possible contributor to the degradation of Low Beta Quad cable. 
The degradation of 7.2% for the Low Beta cable is taken from 
samples after the first mid-thickness change was made and prior to a 
reduction in strand tension. 

Conclysjons 

The cabling degradation of 36 strand Low Beta cable has 
been reduced over the production period from a high of over 12% to 
less than 1%, resulting in cable with a Jc ofover 3100 Nmm2. This 
was accomplished primarily through reduced spool tension and a 
slight increase in mid-thickness. Other, Jess tangible changes based 
on running experience, improved the stability of the cabling machine 
and thereby decreased degradation. General discussions of the 
parameters affecting cable degradation can be found in references 
13 and 14. 
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