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'!RAINING OF LOL-SSC MODIlL DIPOLE MAGNETS AT UK" 

W.S. Gilbert, R. Althau., R. Oenjegerde., S. Cupi, C. Pete", J_ Rochen, J. Roye~ R. Scanlan, C. Taylor, A. Wande.forde, and J_ Zbasnik 
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Derkeley, CA 94720 USA 

We prcscnt the 1.8K .raining behavior of sse Magnets. 
several of which have reached a peak cunent of 9400 1\: • central 
field of 9 Te.da. For the SSC ProJect, more than 30 one meter long 
dipole magnets have been built and tesled. The lest results for the 
oi.3K operAtion have been presented previously. Magnet o~rlllion. 
primarily reaching design field wilhout premature training, is 
expected to he superior in supernuid helium at 1.8K .s compared 
with helium I at 4.3K. Not only is (he aitical cum:nl increAscd at the 
lower temperature, bUI the heal transfer is much Improved. t.nt hillS 
had an operating helium" fACility for nine yoar.(I) and our s""".rd 
Icst 5cquence hils been to check for trainin, in helium lilt ,f.3K and 
Ihen cool the system down to 1.8K and train the magnet 10 its new. 
high limit DCCI!luse the mechanical (orcel ue much greater It the 
higher eunents and fields aehiued at the lower temperlture. 
information has been obtained on the Idequacy o( the mechanical 
design. Bven (or those magnets tn which training quenchel occurred 
In Ihelnner layer at 4.3K, many 01 the quenches at J.8K occurred In 
the outer layer. 

Introduction 

Enhanced, higher field, nr:ration of NbTI magnets is eJlpecled 
in J.RK lie II a. compared with 4.3K lie I. The material critlcll 
current denslly Is Increased It lhe lower temperature(2,3) Ind the 
cooling I, gready enhanced In ,upernuld helium(4,S,6,7). The.e 
e.pectadon. have been telled in a number 01 LOL-SSC diJ>Ole 
modelsC1) over the pa,t 'he ye .... 

Fig. I Cm .. Section Dipole Magnet 

, 
• Work supported by lhe Director, Office 01 Energy Research, Office 
01 lIigh Energy and Nueleor Physic., IIIgh Energy Phy.lc. 
Division, U.S. D.O.E .. under Contract No. DIl-ACOO-76SF00098. 

Mechanical and Magnetic Detail. 

Figure 1 is a crou section of lhe sse magnet wilh an 
aluminum collar syslem enclosing the two layer coil . The coil is 
graded with the ouler llyer. which is in a lower field. having thinner 
cahle Ind operating at I higher current densily. The ouler layer is 
dcmgned to have ahout I Ihn:e percent currenl maJ'lin when the inner 
loycr I. at its .hort s.mple limit, both It 4.2K Ind \.8K_ These 
mAgnets are designed to minimize struclmal material because of the 
,,,sl scale of the sse and so training due to small motions often 
occurs below the shotlllmple limit. IdentinCAtion and imrrovemcnt 
of these Itructural weaknesses is the prime purpose of the R&D 
pagni'" and a mIljor 1001 is the improvement in the rmgnets' training 
curves. In the sse magnet. the iron outride the collu is contained in 
a Iwnless Iteel shell which II welded. In the lot test magnels, the 
.henl. not .,elded but I. held In heavy .talnle .. "eel c1lmp. that 
aJlow. u. to experiment with ,mou. clamping schemes - see flgure 
2. 

Fil. 2 Stainle .. Sleellmn Oarnp 

In Figu", 3 an! di.played the peak magnetic field in the inner 
layer and the short .a"1'le cu"e. at 4.2K .nd 1.8K. The central 
dipole neld I. about nve percent lower thIn the peak field. A. one 
can see tbe Intmection. oc:cot at 7200 A at 4.2K, or 7.1 te,la and at 
7900 A It 1.8K, or lbout 9.2 leslL 

1lle lorentz (orce on the coil scflles IIIppmximaltly as 02 so one 
hu, II.hort u"'ple. increased the coillolding by 92{12!! 1.7. This 
higher electromagnetic loading enable. u. to probe more deeply lor 
mechanical modo .. and other caUoe. of magnet training. 
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The magnet of figure 6 originlllly did not have quile IS good • 
4.3K training hi.lory u Ihe magnelO In Figure. 4 and S .• The 
clamping system of Agure 2 was moeJined so that the return iron 
pressed on the oUbide of the aluminum collar. Previously it only 
louched on Ihe .ide •. The righl hand .Ide of Figure 6 .how. Ihallhe 
training a14.3K ., .. Improved '0 Ihallhe flnl quench .,u abovelhe 
6.6 le.la operadng level of the SSC. Additionally, Ih. quenches 
occurred in Ihe Inner layer where prevlou.ly IOI11C of the quenches 
occurred In the other layer. 

. Low Temperatum CondjtiOllin& 

The premature quenching of small filament, high cunent 
density. coils is associated with small wire movements. The 
accepted mechanism Is Lorentz forces moving the coil clemen II IS 
little II a rew micrometen and ~Iealing. against friction. energies as 
low U I fe., millijoule.. Still thll ean be enough 10 drive Ihe.e 
conductOl'l normal when they are near their critical lurface. Arter 
they have moved. they will not move until I higher current and 
greater Corce is achieved. 

If one lowen the bath temperature 10 the lupcrficld range of 
1.8K, one clln ride out the ,mall heat releases IIlocieted with wire 
movemenlO as Ihe magnell. energlud 10 11O operating field. In lie I 
at 4.3K. onen severa) quenches are needed to train the nwgne.above 
Ihe de,lred 6600 A operating level. In lie II II I.BK, we ramped 
several magnets to 7200 A wilhout quenching. Then we warmed 
Ihem 10 lie I al 4.3K and quenched Ihem, no., .,en lbove the 6600A 
level or ollheir .hort lampleUmil. This I. In Figure 7. W. ealllhi. 
low temperal .. , non· quench tralnlng, "conditioning"(9,10). 
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Fig. 7 Low Temperalu", Conditioning 

Recenl Mum' Tests 

Lcnons learned from the above have been incorporated in 
recenl m'gnel' with Ihe lie I 4.3K training re.ullO .ho.,n In !'igure 
8. Several mognelO openle II Or lbove lhe 6.6 le,la SSC opentin& 
level on their first quench and additional prog~SI in reducinl eYen 
lhe ... maIl number of quenche.l. antidpated. 
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