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During the R&D phase of the Supcrcomlucling Supercollider 
(SSe) progmlll, L13 L was rc!;pollsible for cs t'lbli shing the parameters 
fo r cables lIsed in sse dipole and quadrupole mag nets. In addition, 
LIlL has collaborated with Fermi National Accelerator Laboratory all 
the design and fabri cation of a new cable for usc ill the Low UCla 
Qundrupoles. As a rcsull of the development work on these and 
olher cables . we ha ve arrived a sc t of sca ling rules which provide 
guide lines for choosing the parameters for a wide TI1l1gC o f 
sllpcrconducting cables. These parameters include slrand s ize, s trand 
number, keys tone ang le, percent comract ion, cable pit ch and 
compacted cable dimensio ns . In addillo n, we have defined the 
tolerance ffi uges fo r the key cable man ufac tnring pam meters such as 
mandrel size and s hape, slrand tensio n, and Turkshead lempcmture 
control. In thi s paper, we present th e results on cables ntnging from 
8 strands to 36 stra nds of 0.6511101 wire and from 8 strands to 30 
s trands o f 0.811un wire. We usc these results to demonstrate the 
applicati on o f th e scill ing rul es for Rutherford-type cable. 

Introduction 

Rutherford -type sll perconduc ti ng callies a rc made o f an 
as sociation o f strands organized into two layers. The result is a 
rec tangular o r trapezoidal cross sec ti o n cable wi th a much la rger 
width than the thi ckness. This basic type of cable is th e design which 
has been used fo r the Tevatro n, IIERA , and SSC projects. 

The design o f a cable fo r a dipole magnet requires a dialog 
between the mag net designer, who is concern ed wit h questio ns of 
fie ld homogeneity, struc tural integrity, coil fabri ca tion, ctc. and the 
cable desig ner , who is conce rn ed with ques tio ns of cable 
manufac turab ilit y, criti cal current degradatioll, and dimensional 
lolefnnces. All examplc of this dialog is thc choicc of keystone angle. 
For reasons o f s implicity and magnet strllcturru integri ty, the magnct 
designer l11a y propose an idcnl Roman-Mch slruc ttJre. lIowever, 
because of o ther consideratio ns s uch as field homogeneity a nd 
excess ive cable d cgradation, a partially kcystollcd cubic is on e il 
chosen. In order to make these trade-o ff deci s ions in a clea r (HId 
logical way, we have developed a series o f g uidclines which can be 
used in d es ig nin g new cables. These gu idelines will now be 
described, with reference to th e recentl y cOlllplc tcc.l design of thc ncw 
wide cables for the 50 nun bore SSC dipole magnet I . 

Cable Dcs ig,n Guidelines 

The wire pa.ralllclers for the new wide SSC cables were kept 
identi ca l to those developed for Ihe earlie r 23 and 30 s trand cables. 
The reasons arc: ( 1) wire process ing parame ters arc set, (2) 
s ig nifi cant cpmntity of wire is in th e "pipeline ", so th e delay 
associa ted With the c hange over is minimi zed , (3) these wire sizes 
res ulted ill reaso nable values fo r the number o f strands required . 
More gencral guidelines which cnn be lIsed to select the wire size Me: 
1. A s maller strand diametcr will produce a 1110re flcxible cahle. 
2. A small strand diamcter wi ll allow 1\ lo rge cold work range li fte r 

extrusion ami thi s sho ul d res ult in a hi gh Jc2 
3. However, fabri cati o n cos ts increase and wire breakage may 

increase as wire size dccreases. 
4 . The wire s il.e mllst be chosen so tha t the req uired c tlrrellt capacity 

is achieved wi th in the s trand ntlmber limit. (The Ilumbe r o f 
strands may be limited by avail abi lit y of mac hinery or by 
tendency for cables to coll apse). 

... Work s upported by the Director, O m ce o f Energy Research, Office 
o f lIi gh Ene rgy and Nuclear Physics , Hig h Elle rgy Ph ysics 
Divisio ll , U.S. De partment Of Energy, tinder Contrac t No. DE­
AC03-76SF00098, 

The keysto ne angl e ami cable compaction arc intclTelated 
pttr:\metcrs. The millo r cdl~e compac ti on mus t be limited in order to 
minimi ze the degrada ti on in critical CUlTen t (Ie) due to cabling, as in 
shown ill Fig . 1. A series o f 28-s trand cables were made with wire 
from the same source nlld th e uarrow edge packing fac tor (prJ) was 

incrensed, where PI'I !!! wire area 
1/2· cable thickness· wire dinmeter 
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Figure 1. Relationship betwec il edti eal cu rre nt deg rad aUoil and 
minor edge packing factor for cables made with wire from 
th e same source. 

These c.1.bles were then measured at Brookhaven Nationa l Lab 
in their cahle test fnci lity, in the o rientation which yi elds the c ritical 
cUlle nl o f Ihe cable lIlinor edge3. A s the figure indicntes, the amount 
o f Ie d eg rada tion incrcU5es as the packing factor increnses above 
lI bout 98%. Thus , we limit th e narrow edge compac ti o n to abou t 
95% in the initial cable design . 

The maio r, or wide edge thickness should be chosen such th at 
the upper and lower strands arc in contac t (i.e. 2x strand di ameter). 
This helps IlInilllajn cable integrity and uniform dimensions, although 
the effecti ve ca ble modulus still varies fro m minor to major edge. 
These guidelines meant thllt the 50 mOl bore SSC dipole required a 
partially kcys to llcd cable instead o f a full y keys toned (l a rge angle) 
c.'lhle. 

The lay pitch o f the cnble is chosen as 3n optimi zation o f the 
following parame tcrs, whele a shorte r pitch produccs 

( I) a less stable cable 
(2) a cable w hi ch is easier to bend at thc cnds of thc magnet . 
(3) a more sevcrc dcfonnatioll of the wire at the edge of the cable 
(4) a wider ca ble, or, if the width is mai ntained cOll stant, a mo re 

highly compactcd cable. 

·I·lle cable widtll is genernJly specified by the Ilutg nel des igner 
ill order to provide the curren t necessary 10 achicve the des ign field 
va luc. lIowever, the re nrc severa l guidelines whic h th e cable 
dcsigner u se~ in ~etting the widt h spccifi cation: 
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( 1) The cable width is determined very precise ly in Ihe cabling 
operation by the widlh of the Turkshe:ld rull s. lIowever, the 
width increase due to the elasticity of the s trands so thai th e 
dimen.~iorl measured by the cab le mcasuring machine, with a 
lateral pressure of on ly approximately 0.7 Mila, is increased, 
Also, the actual width dimension of the inner cable in the dipole 
magnet is probahly larger, since the cable is nol conslm.ined at 
the bore of the dipole, thus the cable width tolcrance is set at -
0.00 mOl, + .05 mOl. 

(2) The cable Ie degradation is even Illorc scns itivc to 
overcomprcss io n from the side roll s Ihan frolll the top and 
bottom rolls, so compac tion frolll the side roll s mus t be 
nlinimi7.cd. 

Coble Manufacturing Guidelincs 

The inlj'Klrtance of uniform tensio n 011 the s trands he tween the 
spools alld the Turkshead has lo ng heen appreci:1ted and controll ed". 
Recently, however, we di scovered that the absolu te value of the 
s tr::1. l1d tensiol1 can playa role in cable Ie deg radatio n. A s tati sti ca l 
study firs t indica ted Ihat there was a re latio nship between Ie 
degradation and the strand si7.e, with degradati o n being more severe 
for the smaller strand diameter. After the other possible causes were 
eliminated, we concluded that the primary factor res ponsible for the 
increased Ie degradatio n with small strands was the wire tension. 
The relationship for wire s tn;ss, taking into account the wire nrca nnd 
the composite nature of the wire is 

( I) 

where T 

P 
Ll 

II 

'1' A Ll· P = --'d- 't + - _ . ~I 
I +p I+p 

= 

= 

wire tension 

copper to superconductor ratio 

wire cross secti onal oren 

yield strength of the superconductors 

yield s trcngth of the copper 

using't = 107- 110 MPa and II = 38-40 MPa, wccalculate , for a strain 
in the superconductor o f 1 %, the maximum allowable te llsion is 3,4 
to 3.6 Kg ror a 0.81111n di ame tcr s tralld with a Cu to supcrconductor 
ratio of 1.3/1 and 1.t1-1.6 Kg for the 0.53 mm wire wit h a Cu to 
superconductor ralio of 1.5/1. When these values were uscd, the 
large difference in the Ie degradation ootweell cables made with large 
or small strands is ~reatly reduced. The remailling difference can be 
explaincd as an artifact due to the fact that no self-rich! correc ti on is 
made to the wi re Ie valucs which arc used to calculate thc cable Ie 
degrmJalion3. 

A nllal Op lll1l1 7.a tioll which is performed during c able 
manufacturing is the degree o f residual twist in the cable. This 
parameter is importallt fro m the standpoi nt of coil winding and coi l 
behavior aftcr the epoxy curing operntion. If the resid ual twis t is in 
the "wrong" direetioll, thc cable tends to co llapse when it is 
transfcrred from the storage spool to the coi l form5. If the residual 
twist is excessive in either direction, the coil tends to twist when it is 
removed frol11 the epoxy curing fixture, and subsequent assembly 
s teps arc diffi cult5. This cable residu,,1 twis t is caused by a release of 
s tored c1a~tie energy in the twisted s tmllds as they are deformed hllhc 
Turkshead. This effect can be countemeled by applying a back-twi$1 
to the wire during the cabling operation . 1I0wever, care mlls t k 
taken not to remove so much twist that circu lating curren ts arc 
induced in the strands during I1mgnet ralllping6. 

CQOcl\lSjQI\S 

The scaling rules which are discll ssed in thi s pape r ha ve bccn 
used to develo p three new cables: the 36-s trall<l Low Be ta 
Quad rupo le cab le7, and the wide inner and ou ter cables for the new 
50 n1l11 bore SSC dipole l . In the "bsellce of these scaling rules, the 
time required for optimi7.ation o f the original 23-slr:H1d inner and 30-
s tram) ollter SSC cables was several years . In contrast, the ncw 
cahles menti o ned above were optimi zcd over 1\ period of several 
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months. 
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