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THE RUTHERFORD LABORATORY BENDING MAGNET 

M.N. Wilson, R.V. Stovold, and J.D. Lawson 
Rutherford Laboratory 

Chilton, Berks., England 

I. INTRODUCTION 

I n  May 1967 w e  decided t o  bui ld  a f u l l y  s t a b i l i z e d  bending magnet t o  provide a 
f i e l d  of 40 kG over a l eng th  of 140 an with a room temperature a p e r t u r e  of 1 7  cm. 
Not on ly  w i l l  t h i s  be a use fu l  i t e m  f o r  t he  new Nimrod experimental a r e a ,  but  we hope 
t o  learn s&e of the  engineer ing  d i f f i c u l t i e s  encountered i n  c o n s t r u c t i n g  and oper- 
a t i n g  a l a r g e  magnet, and t o  g a i n  experience i n  running i t  under o p e r a t i o n a l  condi- 
t i o n s  i n  the  experimental a r e a .  In  t h e  design,  t h e  p r i n c i p l e  of f u l l  s t a b i l i z a t i o n  
has  been d e l i b e r a t e l y  pushed t o  i t s  l i m i t ,  the  peak nuc lea te  b o i l i n g  h e a t  f l u x  having 
been assumed. 
d i f f e r  s u b s t a n t i a l l y  from t h i s  one, w e  a r e  a l s o  keeping c a r e f u l  account of t he  c o s t  
and l a b o r  involved in  making it. 

Although any magnets u l t ima te ly  produced i n  q u a n t i t y  w i l l  no d o u b t .  

11. BASXC DESIGN FEATURES 

A drawing of t h e  magnet (omit t ing some f e a t u r e s  which have not  y e t  been f i n a l -  
ized) is.shown i n  F ig .  1. The uniform f i e l d  i s  produced by i n t e r s e c t i n g  cu r ren t  
d i s t r i b u t i o n s  of approximately e l l i p t i c a l  shape, as suggested by Beth .' The conduc- 
t o r  i s  a f u l l y  s t a b i l i z e d  L.M.I .  composite cons i s t ing  of NbTi scrands  i n  copper, and 
he ld  i n  pos i t i on  by s l o t t e d  s t r i p s  of  nylon, loaded wi th  40% g l a s s  t o  minimize the  
mismatch on cont rac t ion .  A t  t h e  ends of the  magnet t h e  windings are bent  i n t o  a 
c i r c u l a r  shape, i n  a plane perpendicular  t o  'the a x i s ,  and he ld  by r a d i a l  s l o t t e d  
nylon s t r i p s .  
s t a i n l e s s - s t e e l  spool  and by long i tud ina l  t i e  b o l t s ,  and l a t e r a l  t h r u s t  is taken by 
s t a i n l e s s - s t e e l  clamps he ld  wi th  t r ansve r se  b o l t s .  
inc luding  the c o r r e c t  l o c a t i n g  of the bends and t h e  s p e c i a l  space r s  a t  t h e  corners  
i s  complicated; t h i s  has  been s tudied  wi th  the a i d  of a model, bu t  tests wi th  dumy 
conductor on the f i n a l  spool  are now being made p r i o r  t o  f i n a l i z i n g  t h e  d e t a i l s .  

End t h r u s t s  are taken by a series of f langes  mounted on t h e  c e n t r a l  

Details of t he  winding procedure, 

111. TABLE OF 'PARAMETERS 

In t h i s  s ec t ion  the  q u a n t i t a t i v e  f e a t u r e s  of t he  design a r e  l i s t e d  under var ious  
headings : 

1. Performance 

Angle of bend of 7 GeV beam = 12' 
S a g i t t a  ( inc luding  end reg ion)  = 5 c m  

1. R.A. Beth, i n  Proc.  6 th  In t e rn .  Conf. High EnerPy Accelera tors ,  Canbridge. 1967, 
p.  387. 
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2. Dimensions , 

Effective length = 140 cm 
Over-all length (including cryostat) = 200 cm 
Central tube diameter = 22 cm 
Room temperature aperture = 17 cm 
Outer diameter of winding = 41 cm 

3. Conductor and Winding 

Material: 
Diameter = 0.15 in, 
Length = 12 300 ft (370 m) 
Number of joints = 8 
Spacing between conductors = 1 nun 
Number of layers = 20 
Number of turns = 1036 

J.M.T. copper composite, containing 32 strands of NbTi 

4 .  Magnetic and Electrical Parameters 

Magnetic field E 40 kG 
Uniformity: 

Peak field at winding = 44 kG 
Current = 1690 A 

2 -  Current density = 7260 Afcm 
Heat transfer to helium, assuming all current in copper at 

Inductance = 0.75 H 
Stored energy = 1.1 M J  

0.4% across the cross section at the center of magnet 
and A I' B dl < 3% within 8 cm of the axis 

4.2OK = 0.8 W/cm2 

5.  Forces and Weights, etc. 

Weight of conductor = 770 lb 
Weight of coil assembly = 2.4 tons 
Weight of cryostat = 2 tons 
Weight of shielding (see Section V) = 6 tons 
Total lateral force on winding = 340 tons 
Maximum lateral force on conductor = 7.2 kg/cm 
Helium capacity of cryostat = 350 liters 

. . Expected heLium boil-off when running (with current leads 
removed) = 2-4 liters/hour 

Estimated cost, excluding internal labor costs = E45 000 

IV. SPECIAL FEATURES 

In order to conserve helium, detachable current leads and a persistent current 
switch (not shown in the figure) will be used. A flux pump, controlled by a field 
monitor in the magnet, will replace flux which leaks away because of the finite 
resistance of the joints in the winding. 
worked o u t .  Early tests on contact resistance suggested that this would be t o o  
high to permit the use of mechanical switches for the persistent current switch or 

The details of these items are not 'yet 

- 889 - 



2 the  f l u x  pump, though t h i s  is  being recons idered  i n  t h e  l igh t .  of measurements by Zar .  
The alternatives a re  a thermal swi tch , 'which  might tend  t o  be u n s t a b l e ,  and a f lux  
pump o f  the type developed by van Suchtelen e t  a1.3 i n  which a normal r e g i o n  is  made 
t o  move ac ross  a superconducting niobium s h e e t .  ' P r e s e n t  p lans  are f o r  such a pump, 
which i s  k indly  being suppl ied  by D r .  Volger .  A disadvantage of t h i s  dev ice  i s  t h a t  
good sh ie ld ing  i s  requi red ;  a NbSn cy l inde r  designed t o  provide such s h i e l d i n g  has 
been ordered from the  Fulmer Research I n s t i t u t e .  

V.  CRYOSTAT 

I n  t h e  design of t h e  c ryos t a t  every e f f o r t  h a s  been made t o  reduce  the heat  flow 
i n t o  t h e  magnet vesse l .  To t h i s  end, i n  a d d i t i o n  t o  t h e  de tachable  c u r r e n t  leads,  a 
helium vapor-cooled s h i e l d  i s  t o  be in te rposed  between the  helium v e s s e l  and the an- 
nu la r  n i t rogen  vessel and around the  down tube  assembly. The c o n c e n t r i c  vessels are 
supported by rods a t tached  t o  t h i c k  r i n g s  a t  t h e  ends and loca ted  a x i a l l y  by rods 
relative t o  t h e  mid-length t o  minimize t h e  effect o f  t h e  d i f f e r e n t i a l  con t r ac t ion 'on  
cool-down. To avoid t h e  e f f e c t  of eddy c u r r e n t s  when the  magnet is  s h u t  down, the 
end r a d i a t i o n  sh ie lds  a t tached  t o  the annular  n i t r o g e n  vessel are cons t ruc t ed  from 
t h i n  s t a i n l e s s - s t e e l  s h e e t s ,  r o l l e d  t o  form channels  w i th  an i n t e r s p a c e  of  0.125 i n .  
depth. Through these channels  l i q u i d  n i t r o g e n  passes  i p t o  a sleeve, c o n s i s t i n g  of 
t h i n  concent r ic  cy l inde r s ,  through the  c e n t r a l  bore  of the  magnet. 

On assembly the  v e s s e l s  w i l l .  be d imens iona l ly  centered  with.in each  o t h e r .  S t r a i n  
gauges mounted on the j a c k s  support ing the c r y o s t a t  w i t h i n  t h e  magnet ic  sh i e ld ing  w i l l  
then enable  the  magnet t o  be centered i n  t h e  s h i e l d i n g .  

V I .  MAGNETIC SHIELDING 

I n  order  t o  reduce t h e  ex te rna l  f i e l d  i n  t h e  beam l i n e  where t h e  magnet w i l l  be 
T h i s  w i l l  be 20 c m  used t o  to l e rab ld  propor t ions ,  an i r o n  s h i e l d  i s  be ing  designed. 

t h i ck  i n  a hor izonta l  p lane ,  reducing t o  ze ro  i n  a v e r t i c a l  d i r e c t i o n .  The inner 
edge of t h e  sh i e ld  w i l l '  be 45 cm from the  axis. C a r e  is  needed t o  p reven t  la rge  
fo rces  a r i s i n g  from misalignments i n  a d i r e c t i o n  perpendicular  t o  t h e  a x i s .  

V L I .  PROTECTION 

Voltage t aps  w i l l  be  taken for  monitor ing and p r o t e c t i o n  purposes from every 
l aye r  of  t he  winding. I f  a normal r eg ion  develops,  an e x t e r n a l  0.25 pro tec t ion  re- 
s i s t o r  w i l l  be placed a c r o s s  the  magnet w i t h i n  a f e w  t e n s  of m i l l i s e c o n d s  by recon- 
nec t ing  t h e  cur ren t  l eads  and opening t h e  p e r s i s t e n t  c u r r e n t  swi tch .  With t h i s  va lue  . 
of r e s i s t a n c e  the d ischarge  vol tage  w i l l  be about 200 V, t he  c u r r e n t  w i l l  decay i n  
about 2 sec, depos i t ing  some 5% of the  energy i n  t h e  helium. These , e s t ima tes  were 
made us ing  a computer program4 which c a l c u l a t e s  t h e  rate of  spread of a normal region 
assuming the  reduced r a t e  of hea t  t r a n s f e r  a p p r o p r i a t e  t o  f i l m  b o i l i n g .  To minimize 
the danger of breakdown i n  the  mag&t t h e  central t u b e  and f l anges  have been covered 
with a t h i n  .tough p l a s t i c  coa t ing  (PTFCE). The conductor  i t s e l f  w i l l  n o t  be. insu la ted .  
Despite i n i t i a l  hopes it has  not proved poss ib l e  t o  provide an  e f f e c t i v e  in su la t ing  
coa t ing  without  s e r ious ly  impairing t h e  hea t  t r a n s f e r .  

2 .  J.L. Zar, Avco Evere t t  Research Laboratory Report  AMP 234 (1967). 

3. J. van Suchtelen, J .  Volger, and D. van Houwelingen, Cryogenics 5, 256 (1965). 

4 .  M.W. Wilson, t o  be published as Rutherford Labora tory  Memorandum. 
. .  
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