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W.S. Gilbert  
Lawrence Radiation Laboratory 

Berkeley, Cal i fornia  

A t  t he  Lawrence Radiation Laboratory i n  Berkeley w e  have been measuring cyc l i c  

I n  the range of 1-5 W power d i s s ipa t ion ,  
l o s s e s  i n  various superconducting magnets w i t h  an e l e c t r i c a l  m u l t i p l i e r  method, c u r -  
r e n t l y  employing Hall e f f e c t  mu l t ip l i e r s .  
the evolved helium gas has been monitored t o  provide a check on the e l e c t r i c a l  method. 
The method and test r e s u l t s  on several  soienoids were presented by Voelker a t  t h i s  
Summer Study1 and per t inent  d e t a i l s  w i l l  be found i n  h i s  r epor t .  

The p a r t i c u l a r  magnet of interest f o r  t h i s  t a l k  i s  a solenoid 4.5 i n .  long, with 
a 1.5 in .  bore and a 4.5 i n .  o.d. ,  wound with s ing le  core NbTi Supercon w i r e .  The 
w i r e  core s i z e  i s  1s m i l s  and t h e  conductor i s  30 m i l s  over-al l ,  giving a copper-to- 
superconductor r a t i o  of 3 : l .  The wire is insulated by forming a copper oxide coating 
and f ibe rg la s s  c l o t h  i s  used f o r  i n t e r l aye r  insulat ion.  The c o i l ,  operated a t  short  
sample  c h a r a c t e r i s t i c s ,  was d e f i n i t e l y  understabil ized. 
- a x i s  an& a few percent higher a t  the conductor. 
J = 18 000 A/cm2 an3 the  gross f i l l i n g  f a c t o r  i s  1 = 0.18. 
reasonable tha t  i f  one can increase the amount of superconductor per un i t  volume, 
h = 0.5 has been mentioned, 5 = 50 000 A/cm2 seems achievable. 
copper and NbTi cores  have yielded 7 > 30 000 A/cm2 and a s ing le  layer solenoid f o r  
which the f i e l d  w a s  only about 6 kG gave 3 2 85 000 A/cm2.  

The f i e l d  was 67 kG on the 
The average current densi ty  is  

Therefore, i t  seems q u i t e  

Other c o i l s  with less, 

Figure 1 shows the lo s s / cyc le  vs frequency €or t h i s  c o i l  a t  Imax = 10 A and 15 A .  
The l o s s  at  l o w  frequency is  about- what one would expect f o r  l o s s  i n  the 15 m i l  diam- 
e t e r  superconductor. The dependence of l o s s  on frequency has been something of a 
mystery t o  us. Eddy current  l o s s e s  in  the copper would give the  same frequency de- 
pendence but are some 50 t i m e s  smaller than the measured frequency-dependent t e r m  
We were unable t o  f ind any low re s i s t ance  sho r t s ,  which would y i e ld  the same type of  
d a t a .  Smith and Sampson have both pointed out t h a t  a number of high r e s i s t ance  sho r t s  
could give the same type of r e s u l t s  and t h a t  our i n su la t ing  technique might be subject 
t o  t h i s  condition. 

A n  i den t i ca l  magnet using a multicore conductor made by Airco was tes ted t o  give 
a measure of the e f f e c t  of core  filament s i z e .  There were 131 approximately 1.3 m i l  
cores  uniformly d i s t r i b u t e d  i n  t h e  copper matrix. These measurements w e r e  made l a s t  
week before I heard.Peter  Smith t a l k ,  and so perhaps I may be forgiven f o r  thinking, 
at t h a t  time, t h a t  h i s  t heo r i e s  on multicore conductor behavior might not be correct .  
The d i r e c t  comparison of  the Airco and Supercon magnets might then y i e ld  the follow- 
ing possible resu l t s :  

l }  I f  Smith were wrong and the l o s s  simply depended on filament . .  
LAirco‘LSupercon 1/10. 

2} I f  t he  normal ma te r i a l  t i e d  the superconductor together so  tha t  

3) I f  Smith were c o r r e c t ,  LA/Ls M 2. 

i t  acted as one co re ,  LA/Ls sz 1. 

4 
Work performed under ehe auspices of the U.S. Atomic Energy Commission. 

1. F. Voelker, these Proceedings, p. 550. 
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Examination.of F ig .  1 shows less frequency dependence i n  the  Airco magnet case than i n  
the Supercon magnet case. I f  one makes t h e  assumption tha t  i n  both cases the frequency 
dependence i s  due t o  high r e s i s t a n c e  s h o r t s ,  then t h e  r e l evan t  l o s s  data  i s  found a t  
the low frequency end of t h e  curves. Then the Airco magnet l o s s e s  a re  approximately 
t w i c e  those of the Supercon magnet. For s i n g l e  cyc le  measurements up to. Imax = 100 A 
(some 57 kG) t h i s  same f a c t o r  of two p e r s i s t s .  Therefore, a l t e r n a t i v e  3) above i s  the 
proper one and Smith's suggested so lu t ions  t o  the ac l o s s  problem a r e  the most reason- 
ab le  t o  pursue a t  t h i s  time. 

A most s t r i k i n g  advantage of the Airco magnet as compared wi th  the Supercon magnet 
was the absence of f l u x  jumps i n  the s m a l l  f i lament Airco case. In  both magnets 13 c o i l s  
w e r e  used t o  monitor f i e l d  changes and f l u x  jumps could e a s i l y  be observed i n  the Super- 
con mater ia l  when the f i e l d  w a s  changed at a rate g r e a t e r  than a few kilogauss per  sec- 
ond. This i s  a r e l a t i v e l y  f a s t  charge rate and t h i s  magnet i s  considered r e l i a b l e ,  
s t a b l e ,  only s l i g h t l y  charge rate s e n s i t i v e ,  and general ly  q u i t e  s a t i s f a c t o r y .  I n  the 
Airco case w e  could not induce measurable f l u x  jumps a t  even g r e a t e r  rates of f i e l d  
change and so the mater ia l  s e e m s  t o  be i n t r i n s i c a l l y  s t a b l e ,  as Smith a l s o  p red ic t s .  

We have a l so  t e s t ed  an Nb3Sn ribbon pancake wound with RCA 600 tape. W e  used a 
f i b e r g l a s s  tape f o r  i n su la t ion  and achieved IC = 1284 A ,  o r  48 000 A/cm2 at 52 kG, 
which i s  on the short  sample curve. The pulse l o s s  d a t a  are shown i n  Fig. 2 .  The low 
frequency data  are inco r rec t  due t o  power supply r i p p l e  and the  curve is dotted i n  t h i s  
region. W e  get agreement with Sampson i n  the  low, 300 A range. Our magnet went normal 
i n  the 0.5-1.5 W range while he was a b l e  t o  d i s s i p a t e  5 . 5  W .  
w e r e  q u i t e  low as compared with Sampson's. The most probable reason f o r  t he  difference 
i s  our having high r e s i s t a n c e  sho r t s  i n  our pancake. 

Our Q's a t  high current 

CONCLUSIONS 

2 1) High average cu r ren t  densi ty  i n  NbTi systems, above 50 000 Afcm , seem 

2) Losses s m a l l  enough t o  make pulsed a c c e l e r a t o r s  a t t r a c t i v e  have not yet  
' 

3) Multicore conductor with l a rge  (15 m i l )  cores  i s  degraded when wound 

readi ly  achievable i f  the f r a c t i o n  of s t a b i l i z i n g  material  can be reduced. 

been demonstrated but might w e l l  be wi th in  a year i f  experimental pro- 
grams under way continue t o  confirm Smith's  rheory. 

i n t o  magnets, not because of hea t  added through c y c l i c  l o s s  (which w e  
measured) but because of f l u x  jumps. 
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SOLENOID 4.5" LONG , 4.5" O.D. 1.5" I .D. 

F i g .  1 .  Loss/cycle vs frequency f o r  2 solenoids. 
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Fig.  2. 
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RCA 600 Nb, SN RIBBON PANCAKE $' WIDE, 
26" I .D.,  5 h " O . D .  

(ON SHORT SAMPLE) 52kG AT RIBBON 
ICR~T 1284A 30kG ON AXIS 0 
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Loss/cycle vs frequency in an Nb Sn ribbon pancake. 3 
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