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Many different F5 septum magnets have been designed and some of these 
have been tested and used in the AGS. This analysis will be confined to those 

designs using the flattened tube as a flexible electrical and cooling water 
connecting element. 
Stress Analysis 

The dimension of this flexible element is shown in Figure 1. The 

material stress is calculated under several assumed conditions and the result 
shown in Table I. 

Condition 1 -- d.c. operation, septum expands 0.03 in. and is 
clamped in middle (i.e. both ends move 0.015 in.). 

Condition 2 -- d.c. operation, septum expands 0.03 in. but is free 
so that end spring forces balance. 

Condition 3 -- pulsed operation, septum expands 0.02, clamped as 
in Condition 1. 

Condition 4 -- pulsed operation, septum expands 0.02 free as in 
Condition 2 

Table I 
D. C. Pulsed 

Condition 1 Condition 2 Condition 3 Condition 4 
Copper Stress Clamped Free Clamped Free 

Upstream 68.9 Kps* 5.73 45.9 3.82 
Downstream 10.6 12.3 7.1 8.2 

Kps = 1000 lbs/sq. in. * 
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The c y c l i c  stress l i m i t s  f o r  non-ferrous metal have not  been e s t a b l i s h e d  

b u t  6 Kps i s  be l ieved  t o  be a s a t i s f a c t o r y  design level. We are above t h i s  

l e v e l  i n  most cases and t h e r e f o r e  long l i f e  i s  not  t o  be expected. I n  t h i s  

case, long l i f e  impl ies  l o7  t o  l o 8  cyc les .  

0 
Assuming 100 hours of oper- 

a t i o n  pe r  week, we accumulated 1 . 3  x 10  5 pu l ses  pe r  week. Thus f a t i g u e  

f a i l u r e  should occur i n  77 weeks or  about  2 years ,  which has not  been t h e  

case. 

The upstream end under Condit ion 1 (clamped) could not  exist  otherwise 

immediate f a i l u r e  would occur. The septum must s l i d e  t o  release t h i s  h igh  

stress condi t ion.  In t h e  b e s t  condi t ion  wi th  septum completely f r e e ,  t he  

l a r g e s t  stress is  on the  long "downstream" p iece  where f a i l u r e  has been 

observed . 
Visual  Observations 

I made a v i s u a l  i n spec t ion  of a l l  prev ious ly  f a i l e d  F5 septums on March 

7, 1979 and found no evidence of stress f a i l u r e .  In s t ead ,  I found melted and 

sprayed and missing s o l d e r  i n  two cases. Evidence of evaporated w a t e r  on s o f t  

so ldered  j o i n t s  w a s  observed i n  a l l  cases. 

The F5 septum, removed March 8 th ,  a l s o  had melted and sprayed s o l d e r  but 

i n  t h i s  case it  came from an e lectr ical  j o i n t  and may have i n d i c a t e d  

e lectr ical  f a i l u r e s .  A w a t e r  l e a k  near  t h i s  j o i n t  may e x i s t ,  but  t h i s  has not 

been confirmed due t o  t h e  high r a d i a t i o n  exposure e n t a i l e d .  

I w a s  given permission t o  autopsy an F5 septum. During t h i s  autopsy, I 

found b r i g h t  melted s o l d e r  i n s i d e  the  w a t e r  passage. From t h i s  observa t ion ,  I 

can determine t h a t  t h e  s o l d e r  melted a f t e r  water w a s  removed. Thus we must 

conclude t h a t  t h e  so lde r  mel t ing  is  occurr ing  a f t e r  power and water flow 

are removed. There is  a l s o  no evidence of e lec t r ica l  a rc ing  a t  t h e  melted 

j o i n t s .  

The only element of t h e  F5 magnet l a r g e  enough t o  have the  necessary 

thermal mass t o  do t h i s  " a f t e r  t he  f a c t "  mel t ing is  t h e  core  i ron .  

This core  could have been beam heated. When t h e  water flow i s  removed, 

t h e  copper septum w i l l  f i n d  t h e  mean core temperature,  and i f  t h i s  is above 

t h e  s o l d e r  mel t ing  temperature ,  a m e l t  w i l l  occur. 

Magnet Core B e a m  Heating 

To examine t h i s  p o s s i b i l i t y ,  Alan Stevens w a s  kind enough t o  examine t h e  

run on h i s  beam code and examine the  energy r e p o s i t i o n  i n  t h e  F5 core. 

Attached is  h i s  r e p o r t  as Appendix A. 
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From the results of this work it was determined that typical operation 

deposits about 200 watts in the F5 core. A majority of this energy is 
deposited in a line along the outer core tip adjacent to the septum copper 

(region 2, Appendix A, Figure 1). 
Calculate Thermal Distribution 

0 

In order to make temperature estimates, a simple model approximating of 

Alan Stevens' results was devised. This model assumed that all the energy was 

supplied by two line heaters in the outer pole tips (region 2, Appendix A, 
Figure 1) each delivering 100 watts. 

The magnet is cooled by three mechanisms: 

1. Radiation. 

2. Conduction out to the supports. 

3. Conduction to the water cooled passages. 

The simplified model ignores radiation loss and thermal conduction to the 

water cooled septum. 

Conduction of the 100 watts from the upper pole tip to the base required 

a temperature difference of ll°C. 

steel base is about l0C. 

ends required a temperature drop of 97OC. 

very hot, 138Oc, while the ends remain cool ,4loC, assuming a 3Ooc 

ambient. Thermocouples mounted on the core ends read 47OC with beam on. 

This is a reasonable performance confirmation of this very simple model. 

The temperature drop on the stainless 

But conduction along the support to the mounting 

Thus the core center can get 

One hundred thirty-eight degrees centigrade will not melt solder, 170 C 
is needed but it is close. 

A independent check of this thermal model is accomplished by measuring 
the thermal time constant and computing the mean thermal condution coefficient 

from the following: 

K = M / X  and AT = P/K 

where 

K = thermal loss coefficient from all causes 

A = measured time constant 

P = beam heating from beam code. 

Results are: 

X = 2.8 sec 

P = 202 watts 

$1 = (iron only) = 1.78 x lo4 J/OC 
K = 1.77 watt/OC 
AT= 114Oc rise f 26OC ambient = 14OOC. 
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I n  t h i s  case the  temperature  i s  the  mean value not  t h e  h o t t e s t  po in t .  

An improved thermal model would inc lude  t h e  energy depos i t i on  as ind ica t ed  

i n  Alan Steven 's  work, Appendix A, Figure  2. 
01 

Making t h i s  change inc reases  t h e  average temperature  of t he  F5 c o r e  because 

energy i s  more densely depos i ted  i n  regions wi th  t h e  poores t  cool ing (near  t he  

middle).  F igure  2 i l l u s t r a t e s  t h i s  computed temperature  rise. Using t h i s  model 

and normal AGS ope ra t ing  condi t ions  t h e  same 200 w a t t s  of beam hea t ing  produces 

a n  average core  hea t ing  temperature of 18OoC s u f f i c i e n t  t o  m e l t  so lder .  

Thermocouple Measurements 

Thermocouples were placed on t h e  ends of t he  F5 i ron .  This l o c a t i o n  i s  

un fo r tuna te ly  near  t he  hea t  s ink  and the  temperature changes are small a t  t h i s  

point .  Nevertheless ,  t h e s e  thermocouples can be used t o  monitor abnormal beam 

l o s s  on F5. 

average temperature  above s o l d e r  mel t ing temperature.  Operations above t h i s  

temperature  should be avoided. 

Temperature above 42.5OC i n d i c a t e  abnormal beam hea t ing  and 

0 D i s t r :  Department Admin. 
AGS Div i s ion  S&P 
A. Stevens 
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APPENDIX A 

Energy Deposi t ion i n  F5 

Figure 1 shows the  approximation of t he  F5 septum magnet. 30 GeV/c pro tons  

are i n c i d e n t  on t h e  septum, uniformly d i s t r i b u t e d  over a n  area .076 c m  (septum 

width = .030 in . )  x 1.2 cm. The septum (.076 x 1.8 cm) is copper, with the  

remainder of t h e  material taken as i ron .  A magnetic f i e l d  of B = 2.5 kg is  

assumed i n  the  gap, but ignored ( B  = 0) i n  t h e  yoke, c o i l  region,  etc. Previous 

experience has  shown t h i s  t o  be a good approximation. The e f f e c t s  of mu l t ip l e  

s c a t t e r i n g  and d i f f r a c t i v e  e las t ic  s c a t t e r i n g  are included everywhere. 

Energy d e n s i t i e s  are c a l c u l a t e d  i n  f i v e  regions.  Region 1 is  t h e  septum 

area i n t e r c e p t i n g  the  beam (.076 x 1.2 cm). The remaining regions are .6 x .6 

cm areas as shown. Note up-down symmetry is  assumed. 

The d e n s i t i e s  i n  GeV/cm3* pe r  i n i d e n t  proton are shown below as a 

func t ion  of l e n g t h  z (b ins  i n  Z = Z = 1.32 cm). 

Other r e l e v a n t  numbers are t h a t  78% of t h e  i n c i d e n t  energy escapes,  and 

t h a t  a t o t a l  of 2.8 GeV pe r  proton is  deposi ted i n  septum and i ron .  

energy p lus  escaped energy never equals  i nc iden t  energy because of binding 

energy s u b t r a c t i o n s . )  

(Deposited 

Note t h a t  i n  t h e  mid plane,  energy depos i t i on  peaks a t  t h e  end of t he  

magnet . 
An ex tens ive  map of t h e  energy depos i t i on .  can be made i f  required.  

1 GeV = 1.6  x 10-10 Joules  * 
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