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ABSTRACT 

The objec t ive  of t h i s  program is t o  deve lop  a g y r o t r o n  o s c i l l a t o r  

c a p a b l e  of  producing 100 k W  o f  CW power a t  140 G H z .  An a n a l y s i s  o f  v a r i o u s  

c h a r a c t e r i s t i c s  of t h e  i n t e r a c t i o n  c i r c u i t ,  c o l l e c t o r  and o u t p u t  window is  

presented  fo r  the  f i r s t  two exper imenta l  t u b e s ,  Experimental  Tube 1 and 

P rep ro to type  Tube 1 ,  The f i n a l  c o i l  c o n f i g u r a t i o n s  f o r  t h e  two super -  

conduc t ing  magnet sys tems a r e  summarized. Various a s p e c t s  r e l a t i n g  t o  t h e  

d e s i g n  o f  140  GHz g y r o t r o n  components, d i a g n o s t i c s ,  and p r o t e c t i v e  devices 

are d i s c u s s e d .  
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I. TNTRODUCTION 

T h e  o b j e c t i v e  of t h i s  program i s  t o  d e v e l o p  a g y r o t r o n  o s c l l l a t o r  

d e s i g n e d  t o  p r o d u c e  100 kW of CW o u t p u t  power a t  140 GHz.  O u t p u t  mode 

p u r i t y ,  t u b e  r e l i a b i l i t y ,  and p u n c t u a l  c o m p l e t i o n  of t'he p r o t o t y p e  t u h e s ,  

m a g n e t s ,  a n d  components  a r e  t h e  m a j o r  c o n s i d e r a t i o n s  u n d e r l y i n g  t h e  d e s i g n  

d e c i s i o n s  for  t h e  140 GHz g y r o t r o n .  O u t p u t  e f f i c i e n c y  and l o g i s t i c a l  

a s p e c t s ,  s u c h  a s  t u b e  l e n g t h  and  c o o l i n g  r e q u i r e m e n t s ,  are  a d d i t i o n a l  

s e c o n d a r y  c o n c e r n s  of t h e  t u b e  d e s i g n .  

T h e  140 GHz g y r o t r o n  w i l l  be d e s i g n e d  t o  g e n e r a t e  microwaves  i n  t h e  

T F  mode in c i r c u l a r  waveguide.  T h e  i n t e r a c t i o n  c i r c u i t  w i l l  c o n s i s t  of a 

s i m p l e  T F  c a v i t y  or  TFO2,/TE complex  c a v i t y .  In a d d i t i o n ,  t e s t s  

e m p l o y i n g  t h e  TE2?, mode i n  a s i m p l e  c a v i t y  w i l l  be p e r f o r m e d  as a b a c k u p  

a p p r o a c h  t o  t h e  c i r c u l a r  e l ec t r i c  mode i n t e r a c t i o n .  T h e  e l e c k r o n  beam w i l l  

h a v e  a p e r p e n d i c u l a r  t o  p a r a l l e l  v e l o c i t y  r a t i o  of  be tween 1.5 and 2.0 and 

w i l l  be l o c a t e d  a t  t h e  s e c o n d  r a d i a l  maximum of t h e  TE  mode. T h e  beatr 

w i l l  be g e n e r a t e d  by a magnet ron  i n j e c t i o n  e l e c t r o n  gun and t h e  56 kG 

m a g n e t i c  f i e l d  r e q u i r e d  for  t h e  g y r o t r o n  i n t e r a c t i o n  w i l l  be p r o v i d e d  by a 

s u p e r c o n d u c t i n g  magnet .  

03 
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D u r i n g  t h i s  q u a r t e r ,  t h e  o u t p u t  mode p u r i t y  and b a c k - r f  l e a k a g e  for  a 

TEO2,/TFO3, complex c a v i t y  d e s i g n  was a n a l y z e d .  

t h e  o r i g i n a l  d e s i g n  h a v e  e n a b l e d  a r e d u c t i o n  i n  t h e  o u t p u t  mode c o n v e r s i o n  

t o  2.5% w i t h  1.55 back-rf  l e a k a g e .  I n  a d d i t i o n ,  t h e  two s i m p l e  TE,31 c a v i t y  

d e s i g n s ,  c h o s e n  for u s e  on t h e  f i rs t  e x p e r i m e n t a l  t u b e ,  were a n a l y z e d  i n  t h e  

same manner and g a v e  s i m i l a r  r e s u l t s .  T h e r m o m e c h a n i c f a l  a n a l y s e s  of b o t h  

/TE,31 and  s i m p l e  T F  t h e  complex  TEnZ, 

t h e  c o o l i n g  d e s i g n s  f o r  t h e  c a v i t i e s .  

S e v e r a l  m o d i f i c a t i o n s  t o  

d e s i g n s  were p e r f o r m e d  to v a l i d a t e  
03 1 

C o n s i d e r a t i o n s  fo r  t h e  d e s i g n  o f  t h e  beam t u n n e l  be tween t h e  e l e c t r o n  

gun and c a v i t y  were i n v e s t i g a t e d .  T h e s e  d e s i g n  c o n s i d e r a t i o n s  i n c l u d e :  

1) t h e  c a p a b i l i t y  of s a f e l y  a b s o r b i n g  rf power l e a k i n g  b a c k  from t h e  

c a v i t y ;  

1 



2 )  p r o p e r  beam p r o p a g a t i o n  from t h e  gun t o  t h e  c i r c u i t  w i t h o u t  

i n t e r c e p t i o n  o r  e x c e s s i v e  p o t e n t i a l  d e p r e s s i o n  and;  

3)  t h e  p r e v e n t i o n  of r e s o n a n t  i n t e r a c t i o n s  w i t h  t h e  beam i n  t h e  beam 

t u n n e l .  

The f i n a l  d e s i g n  f o r  a pu re  mode u p t a p e r  between t h e  c a v i t y  and t h e  

co l lec tor  for  t h e  second e x p e r i m e n t a l  t u b e ,  P r e p r o t o t y p e  Tube 1 ,  was 

completed.  The d e s i g n  is c a p a b l e  of t r a n s p o r t i n g  t h e  TE mode from t h e  

c a v i t y  t o  t h e  co l lec tor  w i t h  o n l y  1.7% mode conve r s ion  t o  o t h e r  TE modes. 
03 

On 

A t h ree -d imens iona l ,  f i n i t e - e l e m e n t  model of t h e  doub le -d i sc  o u t p u t  

window was created and used  t o  c a l c u l a t e  t h e  t e m p e r a t u r e s  and stresses i n  

t h e  window. R e s u l t s  of t h i s  a n a l y s i s  i n d i c a t e  t h a t  t h e  t e m p e r a t u r e  and 

stress i n  t h e  window a p p e a r  t o  be  w i t h i n  a c c e p t a b l e  limits for r e l i a b l e  t u b e  

o p e r a t i o n .  

Two magnet d e s i g n s  employing two main magnet coi ls  have  been f i n a l i z e d  

and a r e  c u r r e n t l y  b e i n g  f a b r i c a t e d  by two d i f f e r e n t  vendors .  

t h e  c o n s t r u c t i o n  of t h e  two magnets is b e i n g  moni tored  q u i t e  c l o s e l y  t o  

e n s u r e  t i m e l y  d e l i v e r y  of t h e  sys tems.  Other  g y r o t r o n  components, 

d i a g n o s t i c s ,  and p r o t e c t i v e  d e v i c e s  r e q u i r e d  for t e s t i n g  t h e  f i r s t  

e x p e r i m e n t a l  t u b e  have been des igned  and r e a d i e d  fo r  manufac ture .  The 

d e s i g n  f o r  a t es t  d i r e c t i o n a l  coupler a t  35 GHz h a s  been mod i f i ed  s l i g h t l y  

t o  f a c i l i t a t e  i ts f a b r i c a t i o n .  

P r o g r e s s  on 

2 



11. ELECTRON GUN 

The p r imary  electron gun d e s i g n  t o  be i n c o r p o r a t e d  i n  t h e  f irst  

tube,  Exper imen ta l  Tube 1 ,  is c u r r e n t l y  b e i n g  assembled.  A n a l y s i s  of t h i s  

d e s i g n  was completed d u r i n g  t h e  p r e v i o u s  r e p o r t i n g  pe r iod . ’  

e l e c t r o n  gun d e s i g n  was a l so  ana lyzed  i n  t h e  p r e v i o u s  q u a r t e r  and will be 

employed as  a back-up t o  t h e  p r i m a r y  gun des ign . ’  A gun of t h i s  d e s i g n  was 

c o n s t r u c t e d  f o r  u s e  i n  g y r o t r o n  e x p e r i m e n t s  a t  140 GHz a t  t h e  M a s s a c h u s e t t s  

I n s t i t u t e  of Technology,  tbough it was o p e r a t e d  a t  v a l u e s  of beam v o l t a g e  

and beam current t h a t  d i f f e r  s l i g h t l y  from t h e  values t o  be used  i n  t h e  

p r e s e n t  140 GHz gyro t rons .2  

c o n s t r u c t e d  and w i l l  be  comple ted  i n  time f o r  use on P r e p r o t o t y p e  Tube 1 if 

e x p e r i m e n t s  on Exper imen ta l  Tube 1 i n d i c a t e  t h a t  a change from t h e  p r imary  

d e s i g n  is war ran ted .  

A second 

A gun of t h e  back-up d e s i g n  is b e i n g  

3 



111. INTERACTION C I R C U I T  

A. CAVITY DESIGN - ELECTRICAL 

Dur ing  t h i s  q u a r t e r ,  work c o n t i n u e d  on t h e  a n a l y s i s  of t h e  back-rf  

l e a k a g e  and o u t p u t  mode p u r i t y  of t h e  TE 021/TE03, complex c a v i t y  d e s i g n  t o  

be  used  on t h e  second e x p e r i m e n t a l  t u b e ,  P r e p r o t o t y p e  Tube 1. I n  a d d i t i o n ,  

a s i m i l a r  a n a l y s i s  was per formed on t h e  two TE s i m p l e  c a v i t y  d e s i g n s  t o  

b e  used  on t h e  first t u b e ,  Expe r imen ta l  Tube 1 ,  and its s u b s e q u e n t  r e b u i l d .  

Both a n a l y s e s  were c a r r i e d  o u t  u s i n g  t h e  finite-element computer  code  

OPENCAV. 

03 1 

02 1-3 1- 
Back-rf Leakage and Mode P u r i t y  A n a l y s i s  of TE 

Complex C a v i t y  Des ign  

A s  d i s c u s s e d  i n  a p r e v i o u s  r e p o r t ,  1 t h e  TEO2, ~ ' T E ~ ~ ~ - t y p e  complex c a v i t y  

is s u s c e p t i b l e  t o  b o t h  power l e a k a g e  from t h e  c a v i t y  back toward  t h e  gun and 

i m p u r i t y  of t h e  o u t p u t  TE waveguide mode. Des ign  g o a l s  of less t h a n  1% 

back-rf  l e a k a g e  and less t h a n  2% non-TE mode o u t p u t  have  been s p e c i f i e d  

f o r  t h e  p r e s e n t  140 GHz, 100 kW CU t u b e  development .  Back-rf l e a k a g e  was 

03 

03 

s e t  a t  less t h a n  1% so t h a t  Less t h a n  1 kW of power would need t o  b e  

abso rbed  i n  t h e  beam t u n n e l  between t h e  c a v i t y  and t b e  gun. 

f a c i l i t a t e s  c o o l i n g  i n  t h e  beam t u n n e l .  The beam t u n n e l  must  a b s o r b  t h e  

power t o  a v o i d  beam i n s t a b i l i t i e s  i n  t h e  gun and beam t u n n e l  r e g i o n s .  Our 

g o a l  of less t h a n  2% i m p u r i t y  i n  t h e  o u t p u t  mode i s  consistent w i t h  t h e  

o v e r a l l  t u b e  r e q u i r e m e n t  of 95% o u t p u t  mode p u r i t y .  

Section I V ,  t h e  t a p e r  from t h e  c a v i t y  t o  t h e  col lector  c o n t r i b u t e s  an 

T h i s  

As w e  w i l l  d i s c u s s  i n  

a d d i t i o n a l  2% of mode conversion, s o  t h a t  a t o t a l  mode c o n v e r s i o n  of 95% is 

p o s s i b l e  w i t h  2% i m p u r i t y  a t  t h e  o u t p u t  of t h e  c a v i t y .  

I n  p r e v i o u s  c a l c u l a t i o n s ,  v a l u e s  of 1.3% and 6% were o b t a i n e d  f o r  t h e  

rf l e a k a g e  and mode i m p u r i t y ,  r e s p e c t i v e l y ,  o f  a TEO2,/TE c a v i t y  d e s i g n .  1 
03 1 

However, t h i s  c a l c u l a t i o n  d i d  no t  a l low f o r  an i r i s  a t  t h e  o u t p u t  o f  t h e  

TE sect ion.  An i r is  is r e q u i r e d  t o  o b t a i n  t h e  d e s i r e d  loaded  Q of t h e  
03 1 

c i r c u i t .  More recent c a l c u l a t i o n s  have  i n c l u d e d  an  i r is  which y i e l d s  t h e  

d e s i r e d  loaded  Q of 600 - 800. Thus f a r ,  t h e  b e s t  i t e r a t i o n  of t h i s  d e s i g n  

4 



r e s u l t s  i n  back-rf l eakage  o f  1.5% and an o u t p u t  mode impur i ty  o f  2.5%. 

OPENCAV p l o t  of  t h i s  d e s i g n  is shown i n  F i g u r e  1. 

l ines  of  c o n s t a n t  rf e lec t r ic  f i e l d .  

some back-rf l eakage  from t h e  TEO2, s e c t i o n  toward t h e  gun is v i s i b l e .  

i r i s  is shown a t  t h e  e x i t  o f  t h e  TE s e c t i o n ,  i n  t h e  t r a n s i t i o n  zone 

between t h e  s t a n d i n g  wave i n  t h e  c a v i t y  and t h e  t r a v e l i n g  wave i n  t h e  

up tape r .  

small  amounts o f  mode conversion are ha rd  t o  i d e n t i f y  i n  such  a p l o t .  

c a v i t y  is s t i l l  be ing  modi f ied  i n  o r d e r  t o  r e a c h  the  d e s i g n  g o a l s  f o r  

back-rf l eakage  and o u t p u t  mode p u r i t y ,  though t h e  1.5% and 2.5% v a l u e s  

a l r e a d y  o b t a i n e d  a r e  probably adequate.  

An 

P l o t t e d  i n  t h e  f i g u r e  a r e  

I n  a n a l y z i n g  t h e  p l o t ,  ev idence  of 
The 

03 1 

The o u t p u t  mode p u r i t y  appea r s  q u i t e  good i n  t h e  p l o t ,  though 
The 

3ack-rf Leakage and Mode P u r i t y  Ana lys i s  of TEo3,- 

Simple Cav i ty  Designs 

The b a s i c  design of t h e  TE c a v i t i e s  t o  be used i n  t h e  first 03 1 
t u b e ,  Experimental  Tube 1, h a s  been d i s c u s s e d  i n  a p rev ious  r e p ~ r t . ~  That 

e a r l y  a n a l y s i s  i nc luded  bo th  small-s ignal  and l a r g e - s i g n a l  i n t e r a c t i o n  

c a l c u l a t i o n s  and c a v i t y  wal l - loading c o n s i d e r a t i o n s .  

a n a l y s i s  o f  t h e  TE 

n e g l i g i b l e  amounts of back-rf l eakage  and o u t p u t  mode impur i ty  can be 

p r e s e n t ,  a similar a n a l y s i s  was performed f o r  t h e  two chosen TE 

c a v i t y  d e s i g n s ,  

I n  l i g h t  of  t h e  above 

complex c a v i t y  des ign ,  which i n d i c a t e s  t h a t  non- 
02 1'%3 1 

s i m p l e -  
03 1 

An OPENCAV p l o t  of t h e  l i n e s  of  c o n s t a n t  c a v i t y  electric f i e l d  f o r  
made i n  t h e  Des ign  # I  is shown i n  F i g u r e  2. 

c a v i t y  a p p e a r s  t o  be r e l a t i v e l y  pure w i t h  a l i t t l e  ev idence  of back-rf 

l eakage  toward t h e  e l e c t r o n  gun. 

p e r c e n t a g e  of back-rf l eakage  and mode i m p u r i t y  i n  t h e  o u t p u t  wave a s  a 

f u n c t i o n  o f  f requency f o r  Design 81. 

conver s ion  and back-rf l eakage  reach minimum v a l u e s  nea r  t h e  r e sonan t  

f requency of  t h e  c a v i t y .  

t h e  c a v i t y  l e a k s  back toward t h e  gun, w h i l e  2.6% of t h e  o u t p u t  power is i n  

t h e  TEO, and "Eo2 modes r a t h e r  t han  t h e  d e s i r e d  TE mode. A similar p l o t  03 
of back-rf l eakage  and o u t p u t  mode conversion f o r  TE Design 82 is shown 

Here w e  see t h a t  t h e  TE 
03 1 

I n  F i g u r e  3,  we have p l o t t e d  t h e  

Here we  obse rve  t h a t  o u t p u t  mode 

A t  t h e  r e sonan t  f requency,  1.3% of  t h e  power i n  

03 1 
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in F i g u r e  4.  

61 ,  h a s  similar v a l u e s  of back-rf l e a k a g e  and o u t p u t  mode impur i ty .  

T h i s  d e s i g n ,  which p o s s e s s e s  a h i g h e r  v a l u e  of QL t h a n  Design 

As noted  e a r l i e r  i n  our d i s c u s s i o n  o f  t h e  TE021 /TEO3, c a v i t y  a n a l y s i s ,  

v a l u e s  of less t h a n  I %  back-rf  l e a k a g e  and less t h a n  2% o u t p u t  mode i m p u r i t y  

a r e  t h e  d e s i g n  goals fo r  any of t h e  140 GHz c a v i t y  d e s i g n s .  

p r e s e n t  d e s i g n s  e x h i b i t  per formance  near t h e s e  v a l u e s ,  small m o d i f i c a t i o n s  

i n  t h e  c a v i t y  d e s i g n s ,  similar t o  t h o s e  b e i n g  i n v e s t i g a t e d  f o r  t h e  

TEo21/TEo31 c a v i t y ,  may improve t h e s e  c a v i t y  c h a r a c t e r i s t i c s  w i t h o u t  

chang ing  t h e  i n t e r a c t i o n  per formance  of t h e  c i r c u i t .  

Though t h e  

8. CAVITY DESIGN - COOLING 

Simple  C a v i t y  Design 

One of t h e  s i m p l e  TE c a v i t y  d e s i g n s  t o  be t e s t e d  i n  Exper imen ta l  

Tube 1 (Design # l )  was modeled, and t h e  r e s u l t i n g  t e m p e r a t u r e s ,  stresses and 

d i s p l a c e m e n t s  were c a l c u l a t e d  f o r  CW power l e v e l s  of 10 and 50 kW. 

power d e n s i t y  p r o f i l e  f o r  t h i s  c a v i t y  is shown i n  F i g u r e  5. 

used  fo r  t h e s e  c a l c u l a t i o n s  a r e  as follows: 

03 1 

The 

The p a r a m e t e r s  

Materia 1 OFHC Copper 

Tube Power 10 kW or  50 kW 

Peak Power D e n s i t y  
2 0.4 kW/cna or 2.5 kW/cm2 

Cool ing  F l u i d  Oxygen-free, d e i o n i z e d  water 

Coo lan t  V e l o c i t y  30 f t /sec 

Coo lan t  I n l e t  P r e s s u r e  150 p s i  

Reynold 's  Number 18,600 

F i g u r e  6 g i v e s  t h e  t e m p e r a t u r e  p r o f i l e  a l o n g  t h e  c a v i t y  i n n e r  wall fo r  

the 10 kW CW c a s e .  The peak t e m p e r a t u r e  is 47'c. 
t e m p e r a t u r e  p r o f i l e  a l o n g  t h e  c a v i t y  i n n e r  wall for t h e  50 kW CW case. 

There  t h e  peak t e m p e r a t u r e  is 162OC. 

a gene rous  s a f e t y  margin.  

F i g u r e  7 g i v e s  t h e  

These  are o p e r a t i n g  t e m p e r a t u r e s  w i t h  

9 
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= 0.4'Kw AT 10 KW CW OUTPUT 
em2 P.D.,, 

= 2.5+= AT 50 KW CW OUTPUT P.D.,, m2 

'TEMPERATURE DEPENDENCE OF COPPER RESISTIVITY 
INCLUDED IN CALCULATION OF POWER OENSJTY 

Figure 5. Power density profife for TE031 Simple Cavity Design No. 2. 
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The t e m p e r a t u r e  p r o f i l e  a l o n g  t h e  c o o l i n g  c h a n n e l  ( t h e  riottest s u r f a c e  

i n  c o n t a c t  w i t h  w a t e r )  i s  g i v e n  i n  F i g u r e  8 fo r  t h e  50 kl.1 case. 

p e a k  t e m p e r a t u r e  i s  well below t h e  b o i l i n g  p o i n t  of water a t  t y p i c a l .  

o p e r a t i n g  p r e s s u r e ,  and t h u s ,  s h o u l d  p r e s e n t  no p r o b l e m s .  

Trie 89OC 

A s e c o n d  ser ies  of c a l c u l a t i o n s  were made t o  model t h e  thermal e f fec ts  

50 mA a t  50 kV was assumed a s  of beam i n t e r c e p t i o n  a t  t h e  c a v i t y  e n t r a n c e .  

a maximum i n t e r c e p t i o n ,  so 2.5 kW was i n p u t  a r o u n d  t h e  c a v i t y  e n t r a n c e .  

r e s u l t i n g  t e m p e r a t u r e  p r o f i l e  is shown i n  F i g u r e  9. 

4 8 1 ' ~  is u n d e s i r a b l y  h i g h ,  b u t  a t  s h o r t  i n t e r v a l s  would p r o b a b l y  not damage 

t h e  c a v i t y .  H o p e f u l l y ,  t h e  magnet  s t e e r i n g  c o i l s  c a n  m a i n t a i n  beam 

i n t e r c e p t i o n  a t  t h e  c a v i t y  t o  wel l  below 20 mA. 

The 

The p e a k  t e m p e r a t u r e  of 

I n  summary, s i m p l e - c a v i t y  t e m p e r a t u r e s ,  ilndef n o r m a l  o p e r a t i o n  up t o  

50 kW CW, a r e  q u i t e  safe .  

are  q u i t e  small, b u t  a r e  d i s c u s s e d  i n  t h e  complex c a v i t y  s e c t i o n  of this 

r e p o r t .  Beam i n t e r c e p t i o n  sho i l ld  be k e p t  well below 2.5 kW for  any  

a p p r e c i a b l e  o p e r a t i n g  p e r i o d .  F i n a l l y ,  c o r r o s i o n  and erosion s h o u l d  n o t  be 

p r o b l e m s  i n  t h e  f i r s t  t u b e  b e c a u s e  of t h e  r e l a t i v e l y  low c o o l a n t  v e l o c i t i e s  

and br ie f  t e s t  time. 

The a s s o c i a t e d  t h e r m a l  stresses and d i s p l a c e m e n t s  

Complex C a v i t y  D e s i g n  

The complex TE 021/TE03, c a v i t y  w i l l  be u s e d  i n  the s e c o n d  e x p e r i m e n t a l  

t u b e ,  P r e p r o t o t y p e  Tube 1.  The power d e n s i t y  p r o f i l e  f o r  a complex c a v i t y  

o p e r a t i n g  a t  100 kW CW o u t p u t  is shown i n  F i g u r e  10. The  p a r a m e t e r s  u s e d  i n  

t h e  t h e r m o m e c h a n i c a l  c a l c u l a t i o n s  a re  as  follows: 

M a t e r i a l  

Tube O u t p u t  Power 

P e a k  Power D e n s i t y  

M a t e r i a l  Y i e l d  S t r e n g t h  

C o o l i n g  F l u i d  

C o o l a n t  V e l o c i t y  

C o o l a n t  I n l e t  P r e s s u r e  

R e y n o l d ' s  Number 

OFHC Copper  or AL-15 Copper  

100 kW 

5.75 kW/cm or 6.33 kW/cm 

6.5 k p s i  or 47 k p s i  

Oxygen-free D e i o n i z e d  Water  

60 f t / s ec  

300 p s i  

22,600 

2 2 
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TE033 SECTION 
P.D.03 

7 TEnqr SECTION / \ 

TYPE OF COPPER OFHC AL-15 

P.D.02 (2) 0.83 0.91 

P.D.03 (s) 5.75 6.33 

Figure 10. Power density profile for TEo21REo31 complex cavity for 100 KW’ CW 
operation. 
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It is i m p o r t a n t  t o  note t h a t  t h e s e  c a l c u l a t i o n s  a l l o w  f o r  t h e  p l a s t i c  

d e f o r m a t i o n  t h a t  o c c u r s  when a d u c t i l e  m a t e r i a l  i s  s t r e s s e d  beyond its y i e l d  

s t r e n g t h .  Because t h e  y i e l d  s t r e n g t h s  o f  OFHC and AL-15 c o p p e r s  a r e  so 

d i f f e r e n t ,  t h e  two m a t e r i a l s  a r e  d i r e c t l y  compared i n  t h e  f o l l o w i n g  

c a l c u l a t i o n s .  

Tempera tures  a l o n g  t h e  c a v i t y  wall and c o o l i n g  channe l  s u r f a c e  a r e  

g i v e n  for OFHC i n  F i g u r e s  11 and 12, r e s p e c t i v e l y ,  and f o r  AL-15 i n  

F i g u r e s  13 and 14 .  The s m a l l  d i f f e r e n c e  i n  t e m p e r a t u r e  between t h e  two 

m a t e r i a l s  i s  due t o  AL-15's s l i g h t l y  lower t h e r m a l  and e l e c t r i c a l  

c o n d u c t i v i t i e s .  A l l  of t h e s e  t e m p e r a t u r e  p r o f i l e s  a r e  s u f f i c i e n t l y  low 

enough to  a v o i d ,  b o t h ,  damage to  t h e  copper  and pool  b o i l i n g  i n  t h e  wa te r  

c h a n n e l  s 

F i g u r e s  15 and 1 6  g i v e  t h e  stress p r o f i l e s  a l o n g  t h e  c a v i t y  w a l l  and 

c o o l i n g  c h a n n e l p  r e s p e c t i v e l y ,  f o r  QFHC copper ,  The peak stress i s  

n a t u r a l l y  v e r y  c l o s e  t o  t h e  y i e l d  s t r e n g t h  o f  t h e  m a t e r i a l .  It c a n ,  

however ,  be  s l i g h t l y  h i g h e r  t h a n  t h e  y i e l d  s t r e n g t h  because  work ha rden ing  

t a k e s  p l a c e  i n  t h e  material d u r i n g  y i e l d i n g .  

F i g u r e s  17 and 18 g i v e  similar p r o f i l e s  f o r  AL-15 copper .  Comparing 

t h e  stress p r o f i l e s  for  t h e  two m a t e r i a l s ,  t h e  effects  o f  t h e  h i g h e r  y i e l d  

stress on t h e  o v e r a l l  s tress d i s t r i b u t i o n  a r e  e v i d e n t .  It i s  d i f f i c u l t  t o  

i n t e r p r e t  which m a t e r i a l  g i v e s  t h e  p r e f e r r e d  stress p r o f i l e ,  s i n c e  b o t h  

m a t e r i a l s  a r e  y i e l d i n g .  However, a f a t i g u e  f a i l u r e  c a l c u l a t i o n  i n d i c a t i n g  

how many comple te  c y c l e s  t h e  c a v i t y  can  w i t h s t a n d  b e f o r e  f a i l i n g  w i l l  g i v e  a 

good i n d i c a t i o n  o f  t h e  p r e f e r r e d  m a t e r i a l .  There  may a l so  b e  manufac tu r ing  

c o n s i d e r a t i o n s  t h a t  c o m p l i c a t e  t h e  use  o f  AL-15; t h e s e  a r e  c u r r e n t l y  b e i n g  

i n v e s t i g a t e d .  

F i g u r e s  19 and 20 show t h e  ac tua l .  d e f o r m a t i o n  o f  t h e  c a v i t y  i n n e r  w a l l  

f o r  OFHC and AL-15. These d e f o r m a t i o n s  r e s u l t  from t h e  combined e f fec ts  o f  

t h e r m a l  expans ion  and y i e l d i n g .  The maximum d i s p l a c e m e n t  i n  t h e  OFHC c a v i t y  

i s  a b o u t  a t h i r d  o f  a m i l ,  e x t e n d i n g  towards  t h e  c a v i t y  c e n t e r l i n e .  The 

d i s p l a c e m e n t  o f  t h e  AL-15 c a v i t y  i s  e n t i r e l y  away from t h e  c a v i t y  

18 
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c e n t e r l i n e ,  w i t h  a peak d i s p l a c e m e n t  o f  aboclt a fodrth of a m i l .  The 

r e l a t i o n s r i i p  between t h e  d i f f e r e n t  p r o p e r t i e s  of t h e  two m a t e r i a l s  and the 

c a l c u l a t e d  c a v i t y  w a l l  d e f o r m a t i o n s  i s  n o t  y e t  d n d e r s t o o d .  These 

d e f o r m a t i o n s  s h o u l d  n o t  n o t i c e a b l y  a f f e c t  the e l e c t r i c a l  pe r fo rmance  of the 

c a v i t y .  A s e n s i t i v i t y  a n a l y s i s  w i l l  be per formed t o  c o n f i r m  t h i s .  

C.  BEAM TUNNEL CONSIDERATIONS 

The beam t d n n e l  i s  t h e  p o r t i o n  of t h e  t u b e  between the e l e c t r o n  gun and 

the ou tp r l t  c a v i t y .  

compressed t o  t h e  p r o p e r  s i z e  for i n t e r a c t i o n  i n  trie c a v i t y .  The l e n g t h  of 

t h i s  r e g i o n  is de te rmined  by t h e  dynamics of t h e  e l e c t r o n  beam and the 

c o n s t r a i n t s  of t h e  magnet d e s i g n .  The s t r u c t c l r e  i n  t r i i s  r e g i o n  must be  

l a r g e  enough t o  a l l o w  for  p r o p e r  beam t r a n s m i s s i o n ,  y e t  small enougri t o  

a b s o r b  t h e  microwaves t h a t  l e a k  o u t  of t h e  back o f  t h e  c a v i t y .  If too much 

power l e a k s  back  t o  t h e  gun, beam and c a t h o d e  i n s t a b i l i t i e s  can o c c u r  which 

c o u l d  a f f e c t  t u b e  per formance .  I n  a d d i t i o n  t o  a b s o r b i n g  back-rf  l e a k a g e  and 

a v o i d i n g  beam i n t e r c e p t i o n ,  the beam t u n n e l  must  a l s o  be shaped  t o  p r e v e n t  

t h e  e l e c t r o n  beam from i n t e r a c t i n g  w i t h  any  r e s o n a n t  modes of t h e  beam 

t u n n e l .  

t radeoff  between t h e s e  o f t e n  c o n f l i c t i n g  r e q u i r e m e n t s .  

In t h i s  r e g i o n  t h e  e l e c t r o n  beam i s  a d i a b a t i c a l l y  

T h e r e f o r e ,  a good beam t u n n e l  d e s i g n  must  a c h i e v e  a ba l anced  

To p r o v i d e  fo r  p r o p e r  beam c l e a r a n c e ,  a maximum f i l l i n g  f a c t o r  i s  

chosen  based  on previocls  e x p e r i e n c e  and t h e  a b i l i t y  of the magnet 

m a n u f a c t u r e r  t o  b u i l d  a s t r a i g h t  magnet.  T h e  c r i t e r i a  used is t h a t  t h e  

d i a m e t e r  of t h e  beam b e  less t h a n  80% of the d i a m e t e r  of t h e  beam t u n n e l .  

We have had to v i o l a t e  this c r i t e r i a  i n  t h e  140 GHz d e s i g n .  I n  the a r e a  

immedia t e ly  p r i o r  t o  t h e  o u t p u t  c a v i t y ,  it is n e c e s s a r y  t o  c u t - o f f  the TE 

mode. The f i l l i n g  f a c t o r  i n  t h i s  a r e a  is close t o  90%. To p r o v i d e  beam 

t r a n s m i s s i o n  throclgh t h i s  a r e a ,  w e  have  i n s t a l l e d  t r i m  co i l s  i n  the magnet 

t o  steer t h e  beam. A minimum d i a m e t e r  for t h e  rest of the beam t m n e l  i s  

de te rmined  by the maximum f i l l i n g  f a c t o r  coupled  w i t h  i n f o r m a t i o n  o n  the 

electron beam s i z e  and t h e  magne t i c  f i e l d .  

02 

Beam t u n n e l  loss is p rov ided  by r i n g s  of a l o s s y  ceramic m a t e r i a l .  To 

p r e v e n t  c h a r g i n g  of t h e  c e r a m i c  by e l e c t r o n  bombardment, the l o s s y  r i n g s  a r e  
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a l t e r n a t e d  w i t h  smaller d i a m e t e r  c o p p e r  r i n g s .  The heater  of t h e  e l e c t r o n  

gun r e q u i r e s  an  i n p u t  power of 2 8  w a t t s  t o  o b t a i n  8 A of beam c u r r e n t .  To 

p r o v i d e  1% beam c u r r e n t  s t a b i l i t y  i n  t h e  t u b e ,  t h e  rf h e a t i n g  must  be 

l i m i t e d  t o  less t h a n  280 mW. The b a c k  rf l e a k a g e  from the c a v i t y  i s  

c a l c u l a t e d  t o  b e  1.5 kW (see Section I11 A ) .  To a d e q u a t e l y  i s o l a t e  the 

c a t n o d e ,  a t  l e a s t  37 dB of i n s e r t i o n  loss  is  n e c e s s a r y  t o  r e d u c e  the 1.5 kW 

of rf l e a k a g e  t o  280 mW. T h i s  estimate a s s u m e s  t h a t  a l l  rf  power r e a c h i n g  

the gun  r e g i o n  is  a b s o r b e d  by t h e  c a t h o d e  which  i s  a worst case s c e n a r i o .  

The p r e s e n t  d e s i g n  is b e i n g  measured  i n  t h e  cold t e s t  l a b o r a t o r y  t o  v e r i f y  

t h a t  i t  p r o v i d e s  t h e  r e q u i r e d  i n s e r t i o n  loss.  

A l t h o u g h  we m u s t  p r o v i d e  enough loss  i n  t h e  beam t u n n e l  d e s i g n ,  w e  mdst 

n o t  i n t r o d u c e  too much. The c e r a m i c  r i n g s  closest  t o  t h e  c a v i t y  c a n  a b s o r b  

too much power and p o s s i b l y  become o v e r n e a t e d  and c r a c k .  Thermal  

c a l c u l a t i o n s  were p e r f o r m e d  t h i s  q u a r t e r  t o  v e r i f y  t h e  p e r f o r m a n c e  of the 

f i rs t  ceramic r i n g ,  a s s u m i n g  a v a l u e  of o n e  k i l o w a t t  of b a c k - r f  l e a k a g e  from 

t h e  c a v i t y  ( a  back-r f  l e a k a g e  of 1% w h i l e  o p e r a t i n g  a t  100 k W .  I n  c o l d  

t e s t  m e a s u r e m e n t s ,  the loss  i n  t h e  f i rs t  r i n g  was d e t e r m i n e d  t o  b e  25% of 

t h e  back-r f  power i n  cold tes t  measurements .  

A t e m p e r a t u r e  and stress a n a l y s i s  of t h e  f i r s t  ceramic r i n g  was 

c o n d u c t e d  u s i n g  t h e  MPRC a n a l y s i s  computer  code .  Two c a s e s  were a n a l y z e d ;  a 

worst c a s e  a n a l y s i s  where  ttie r i n g  a b s o r b e d  the e n t i r e  o n e  k i l o w a t t  of rf  

l e a k a g e ,  and a more r e a l i s t i c  c a s e  where t h e  r i n g  a b s o r b e d  25% of t h e  power,  

or 250 watts.  In e a c h  case t h e  power is assumed t o  b e  e q u a l l y  d i s t r i b u t e d  

a x i a l l y  a l o n g  t h e  i n n e r  s u r f a c e  of t h e  r i n g .  F o r  t t i e  worst case a n a l y s i s ,  

t h e  t e m p e r a t u r e  p r o f i l e  of the r i n g  i s  g i v e n  i n  F i g u r e  21. The maximum 

t e m p e r a t u r e  r e a c n e d  is 1 2 3 O C  a l o n g  t h e  i n s i d e  e d g e  of t h e  r i n g .  

g i v e s  t h e  hoop s t ress  w i t h i n  t h e  r i n g .  

is r e a c h e d .  

mater ia l .  The t e m p e r a t u r e  p r o f i l e  for  the 250 w a t t s  a b s o r p t i o n  case is  

g i v e n  i n  F i g u r e  23. The maximum t e m p e r a t u r e  r e a c h e d  i s  61 C, a g a i n  a l o n g  

the i n s i d e  e d g e  of the r i n g .  The hoop stress is g i v e n  i n  F i g u r e  24 .  The 

maximdm t e n s i l e  hoop stress is g i v e n  i n  8.4 k p s i .  T h i s  l e v e l  of stress i s  

w e l l  below the u l t i m a t e  t e n s i l e  s t r e n g t h  of the m a t e r i a l .  

F i g d r e  22 

A maximum t e n s i l e  stress of 18 k p s i  

T h i s  i s  close t o  t t i e  20 k p s i  u l t i m a t e  t e n s i l e  s t r e n g t h  of t h e  

0 
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To summarize, t h e  beam t u n n e l  d e s i g n  m u s t  p r o v i d e  a d e q u a t e  c l e a r a n c e  

for beam t r a n s m i s s i o n ,  b d t  must a l s o  i s o l a t e  t h e  c a t h o d e  from the back-rf  

l e a k a g e  of t h e  c a v i t y .  

p r o v i d e s  a d e q u a t e  rf  loss.  Trim co i l s  have been i n s t a l l e d  i n  the magnet 

sys t em t o  steer t h e  beam th rough  t h e  s t r i n g e n t  c l e a r a n c e  a r e a s  o f  the beam 

t u n n e l .  I n  a d d i t i o n ,  a t e m p e r a t d r e  and s t ress  a n a l y s i s  of t h e  ce ramic  r i n g  

closest  t h e  t h e  c a v i t y  was performed.  The a n a l y s i s  i n d i c a t e s  t h a t  w e  a r e  

well  w i t h i n  t h e  l i m i t s  of the m a t e r i a l  w i t h  this d e s i g n .  The power 

a b s o r b t i o n  c a p a c i t y  of t h e  f i r s t  r i n g  i s  abodt one  k i l o w a t t ,  which i s  a 

f a c t o r  of f o u r  h i g h e r  t h a n  tne normal o p e r a t i n g  c o n d i t i o n .  

O w  p r e s e n t  d e s i g n  is b e i n g  tested t o  v e r i f y  t h a t  i t  
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IV. COLLECTOR 

A .  OUTPUT TAPER DESIGN 

C h a r a c t e r i s t i c s  of t h e  o u t p u t  t a p e r  d e s i g n  f o r  Tube 1 have  been 

d i s c u s s e d  p r e v i o u s l y .  

f o r  t h e  second e x p e r i m e n t a l  tube h a s  been comple ted .  

t h i s  d e s i g n  a t  140 GHz, assuming 100% TE mode a t  t h e  c a v i t y  ex i t ,  is: 

98.3%, TEO3; 0.0%, TEO1; O.g%, TEO2; O . l % ,  TE04; 0.62, TEO5; and less t h a n  

0.1% i n  h i g h e r  o r d e r  modes. F o r  c a v i t y  o p e r a t i o n  a t  137.2 GHz w i t h  loo%, 

TE 

O . l % ,  TEZ9; 0.4%, TEZ2; 0.5%, TEZy;  0.3, TE25; O . l X ,  TMZ1; 0.9%, TMZ2; 

0.3, TM23; and less t h a n  0.1% i n  h i g h e r  o r d e r  modes. 

t h e  o u t p u t  t a p e r  is 115.5 cm. S i n c e  t h e  r a i s e d  c o s i n e  t a p e r  a c h i e v e s  a 

2.25-inch d i a m e t e r  q u i t e  r a p i d l y ,  t h e  e f f e c t i v e  c o l l e c t o r  a r e a  is s i m i l a r  t o  

t h a t  u s i n g  t h e  s i m p l e  l i n e a r  t a p e r  of Exper imen ta l  Tube 1. T h i s  t a p e r  

d e s i g n  i s  c u r r e n t l y  b e i n g  i n c o r p o r a t e d  i n t o  t h e  o v e r a l l  t u b e  des ign .  

A t e n t a t i v e  d e s i g n  for t h e  high-mode p u r i t y  t a p e r  

The mode content of 

03 

mode a t  t h e  c a v i t y  e x i t ,  t h e  r e su l t an t  mode p u r i t y  is: 97.3%, TE23; 
23 

The t o t a l  l e n g t h  of  
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V. OUTPUT WINDOW DESIGN 

A .  DOUBLE-DISC WINDOW 

I n  t h i s  q u a r t e r ,  a f u l l y  th ree -d imens iona l ,  f i n i t e - e l e m e n t  model o f  t h e  

proposed  doub le -d i sc  window was c r e a t e d  and used  t o  c a l c u l a t e  t h e  

t e m p e r a t u r e s  and stresses i n  t h e  window. These  c a l c u l a t i o n s  i n c l u d e  t h e  

a z i m u t h a l  v a r i a t i o n s  i n  p r e s s u r e  and h e a t  t r a n s f e r  coefficient.  P r e v i o u s  

th ree -d imens iona l  r e s u l t s  were i n a c c u r a t e  because  t h e  mesh used was n o t  f i n e  

enough t o  g i v e  a d e q u a t e  r e s o l u t i o n . '  

o u r  3-D models. 

Thus,  t h e  f i r s t  t a s k  was t o  v a l i d a t e  

To t h i s  end,  we  p r e p a r e d  three d i f f e r e n t  f i n i t e - e l e m e n t  models based  on 

d i f f e r e n t  e l emen t  t y p e s .  The first models shown i n  F i g u r e  25, is a s i m p l e  

two-dimensional  model i n c o r p o r a t i n g  s t a n d a r d  r e c t a n g u l a r  ( f l a t  b r i c k )  

e lements .  The second model, shown i n  F i g u r e  26, is a 3-0 model u s i n g  

r e c t a n g u l a r  b r i c k  e lements .  I n  e s s e n c e  it is t h e  same a s  t he  2-D model, 

e x c e p t  t h a t  t h e  a d d i t i o n  o f  t h e  t h i r d  d imens ion  p r e v e n t s  u s i n g  a s  many mesh 

d i f f e r e n c e  between s h e l l  and b r i c k  n o t  clear d i v i s i o n s  as i n  t h e  2-D model. 

The t h i r d  model,  shown i n  F i g u r e  27, is made up of " s h e l l "  e l emen t s .  S h e l l  

e l e m e n t s  l o o k  s i m i l a r  t o  t h e  b r i c k s  b u t  t h e y  have  t h e  i m p o r t a n t  difference 

t h a t  t h e y  can  deform by bending  a s  a r e s u l t  of t h e  c a l c u l a t e d  stresses, 

whereas  t h e  b r i c k s  move o n l y  i n  t r a n s l a t i o n .  T h i s  i m p o r t a n t  d i f f e r e n c e  

i m p l i e s  t h a t  o n l y  one  l a y e r  of s h e l l  e l e m e n t s  is n e c e s s a r y  t o  r e p r e s e n t  t h e  

window t h i c k n e s s .  Thus, we have  reduced  t h e  number of e l e m e n t s  by a f a c t o r  

of three,  and can t h e n  add  e l e m e n t s  t o  s u b d i v i d e  t h e  window more f i n e l y  i n  

t h e  r a d i a l  and a z i m u t h a l  p l a n e s .  

a c c u r a t e  c a l c u l a t i o n s .  

T h i s  g i v e s  t h e  n e c e s s a r y  r e s o l u t i o n  for  

The same l o a d  was a p p l i e d  t o  a l l  three models: a r a d i a l l y - v a r y i n g  

p r e s s u r e  l o a d  t y p i c a l  of what t h e  window must w i t h s t a n d  d u r i n g  normal  

o p e r a t i o n .  O f  course, t h e  load was ax i symmet r i c  so t h a t  t h e  2-D case c o u l d  

be p r o p e r l y  compared. The c a l c u l a t e d  window d e f l e c t i o n  f o r  t h e  2-D c o n t r o l  

c a s e  is shown i n  F i g u r e  28. The d e f l e c t i o n  a t  t h e  window center is  0.00073 

i n c h e s ;  a t  t h e  edge  it is 0.0019 i n c h e s .  F i g u r e  29 shows t h e  r e s u l t s  fo r  

t h e  3-D b r i c k  e l emen t  model: t h e y  a r e  c l e a r l y  n o t  i n  agreement  w i t h  t h e  
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control case. F i g u r e  30 shows the r e s u l t s  fo r  the  3-D s h e l l  element model; 

here the d e f l e c t i o n s  a g r e e  w i t h  the c o n t r o l  c a s e  t o  w i t h i n  2%. 

have  good c o n f i d e n c e  t h a t  t h e  non-axisymmetr ic  r e s u l t s  u s i n g  this model w i l l  

be r e p r e s e n t a t i v e  o f  t h e  a c t u a l  stress and deflection v a l d e s  t o  w i t h i n  t he  

u n c e r t a i n t y  of the i n p u t  d a t a .  

Thus,  we 

The a c t u a l  window a n a l y s i s  was per formed i n  three steps. F i r s t  the 

stress due  o n l y  t o  p r e s s u r e  l o a d  was ca l .c i l la ted  by e s t i m a t i n g  the p r e s s u r e  

d r o p  a c r o s s  t h e  window and d e r i v i n g  a d i s t r i b u t e d  l o a d  v a l d e .  Next the 

abso rbed  microwave power fo r  t h e  TE mode was c a l c u l a t e d  and i n p u t  w i t h  t h e  

v a r i a b l e  h e a t  t r a n s f e r  c o e f f i c i e n t  t o  g i v e  the  t e m p e r a t u r e  d i s t r i b u t i o n s .  

F i n a l l y  the t e m p e r a t u r e  r e s u l t s  a r e  i n p u t  t o  a stress model t o  g i v e  t h e  

combined t h e r m a l  and  p r e s s u r e  stresses. 

03 

R e l e v a n t  p a r a m e t e r s  a r e  as  follows: 

M a t e r i a l  

Loss Tangent  

Power 

Mode 

Disc S i z e  

Coo l ing  Fluid 

Coolan t  Flow R a t e  

Coo lan t  P r e s s u r e  

Sa pp h i  re 
4 

25 E-5 

100 kW 

03 
TE 

4" d i a m e t e r  

FC-75 a t  10°c 

31 GPM 

74 p s i  i n l e t ;  25 p s i  o u t l e t  

F i g u r e  31 is a s c h e m a t i c  of t h e  f i n i t e  e l e m e n t  model c o n s t r u c t e d  t o  

pe r fo rm t h e  thermal a n a l y s i s .  F i g u r e s  32 and 33 g i v e  the t e m p e r a t u r e  

d i s t r i b u t i o n  from the window c e n t e r  t o  the c o o l a n t  i n l e t  on t h e  vacuum and 

FC-75 f a c e s ,  r e s p e c t i v e l y .  The peak t e m p e r a t u r e  on the vacuum side is  

1 1 l 0 C ,  which is v e r y  close t o  t h e  measured peak t e m p e r a t u r e  of the  60 GHz, 

200 kW window . On t h e  FC-75 s i d e ,  t h e  peak t e m p e r a t u r e  i s  8 2  C ,  which is  

w e l l  below the b o i l i n g  p o i n t  of FC-75, and so shou ld  n o t  p r e s e n t  any  

problem. The t e m p e r a t u r e  p r o f i l e s  a t  other a z i m u t h a l  l o c a t i o n s  (e.g.  

c e n t e r - t o - o u t l e t )  a r e  v e r y  s i m i l a r .  
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Figure 31. Finite element 3-D model for thermal analysis of the 140 GHz double-disc winciow. 
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F i g u r e  34 shows the d e f o r m a t i o n  of t h e  f i n i t e  e l e m e n t  s t r u c t u r e  dde  t o  

the d i s t r i b u t e d  p r e s s u r e  load. F i g u r e s  3 5  and 36 show t h e  d i s p l a c e m e n t  of  

the vacdum-side window d i s c  d u e  t o  p r e s s u r e  l o a d  o n l y .  The  peak d e f l e c t i o n  

i s  (3.00221t a t  the c e n t e r  of tne  window. F i g u r e  35 g i v e s  trie d i s p l a c e m e n t  

p r o f i l e  moving o u t  from trie window c e n t e r  toward t h e  c o o l a n t  i n l e t ,  where  

trie p r e s s u r e  is h i g h e s t ,  so t h e  window e d g e  i s  a c t u a l l y  def lec ted  s l i g h t l y  

downward from i t s  d n l o a d e d  p o s i t i o n .  However, a t  t h e  c o o l a n t  o u t l e t ,  wriere 

the p r e s s u r e  i s  lower, t h e  window de f l ec t s  upward by 0.00C5t', a s  shown i n  

F i g u r e  36.  T y p i c a l  stress p r o f i l e s  for t h e  p r e s s u r e - o n l y  loads a r e  g i v e n  

for  t h e  vacuum s u r f a c e  i n  F i g u r e  37 and for t h e  c o o l e d  s a r f a c e  i n  F igc l re  38. 

The  p e a k  t e n s i l e  stress of 13.77 k p s i  is  less  t h a n  25% of t h e  m a n u f a c t d r e r ' s  

p u b l i s r i e d  v a l u e  for t h e  u l t i m a t e  t e n s i l e  s t r e n g t h  of s a p p h i r e .  A window 

d e f l e c t i o n  tes t  u s i n g  the d e s i g n  a n a l y z e d  above  i s  s c n e d u l e d  for n e x t  

q u a r t e r .  R e s u l t s  of t h e s e  tests w i l l  b e  compared t o  t h e  c a l c u l a t e d  stresses 

and d e f l e c t i o n s  d u e  t o  p r e s s u r e - l o a d  o n l y .  T h i s  c o m p a r i s o n  w i l l  h e l p  

v a l i d a t e  t h e  a c c u r a c y  of o u r  c a l c u l a t i o n s .  

F i g u r e  39 shows t h e  p e a k  a x i a l  window d e f l e c t i o n  d u e  t o  combined 

p r e s s u r e  and t h e r m a l  s tresses ( i . e * ,  w i t h  100 kW Cnl p o w e r ) .  The p e a k  window 

d e f l e c t i o n  is 0.0028rr or j u s t  s l i g h t l y  more t h a n  w i t h  p r e s s u r e  o n l y .  The 

stress d i s t r i b u t i o n  for  t h e  vacuum s ide  of t h e  window, from t h e  window 

c e n t e r  t o  t h e  c o o l a n t  i n l e t ,  is  g i v e n  i n  F i g u r e  40. The p e a k  t e n s i l e  s tress 

i s  14.3 k p s i .  F i g u r e  41 shows t h e  stress p r o f i l e  fo r  t h e  c o o l a n t  s u r f a c e ,  

where  t h e  peak  t e n s i l e  stress is  14.8 k p s i .  T h e s e  stress l e v e l s  a r e  

p r o b a b l y  s u f f i c i e n t l y  low t o  y i e l d  t h e  d e s i r e d  window l ifetime. O f  c o u r s e ,  

b e c a u s e  of the u n c e r t a i n t y  i n h e r e n t  i n  the f r a c t u r e  s t r e n g t h s  of b r i t t l e  

m a t e r i a l s ,  it is a l w a y s  d e s i r a b l e  t o  o p e r a t e  a t  as  low a stress a s  p o s s i b l e .  

W i t r i  this i n  mind,  we  c o n t i n u e  t o  look for ways t o  r e d u c e  t h e  peak  o p e r a t i n g  

t e n s i l e  stresses. 

I n  c o n c l u s i o n ,  for t h e  s a p p h i r e  d o u b l e - d i s c  window d e s i g n ,  the p e a k  

t e m p e r a t u r e s  and stresses a p p e a r  a c c e p t a b l e .  The  d e f l e c t i o n  t e s t  w i l l  

v a l i d a t e  the s t r u c t u r a l  model and g i v e  u s  i n s i g h t  a b o u t  the u n c e r t a i n i t i e s  

i n  the c a l c u l a t i o n s .  A high-speed  flow c h e c k  w i l l  v e r i f y  the p r e s s u r e  d r o p  
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Figure 34. Axial deformation of a 3-D finite element structure for the 140 GHr window 
with pressure load only. 
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Figure 40. Double-disc window 3-D analysis: Stress profile from center to inlet for the vacuum 
side of the window, 100 k W  CW operation. 
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estimates. The u s e  of t h e  computer  code FLUENT w i l l  a l l o w  o p t i m i z a t i o n  of 

t h e  c o o l i n g  flow p a t t e r n .  We hope t o  o b t a i n  t h i s  computer  code  sometime 

n e x t  q u a r t e r .  

B. DOUBLE-DISH WINDOWS 

S e v e r a l  new g e o m e t r i e s  of l l u l t r a - f l a t "  d i s h  windows have  been c r e a t e d  

and ana lyzed  for  t h e i r  a b i l i t y  t o  w i t h s t a n d  p r e s s u r e  load. P r e v i o u s  

c a l c u l a t i o n s  i n d i c a t e d  t h a t  t h e s e  u l t r a - f l a t  d i s h e s  would have  bet ter  

microwave c h a r a c t e r i s t i c s  t h a n  more curved  d i s h e s .  The c r i t i c a l  b u c k l i n g  

l o a d  for s e v e r a l  u l t r a - f l a t  d i s h e s  r a n g e s  from 45 t o  120 p s i .  Unfor- 

t u n a t e l y ,  t h e  d e s i g n s  w i t h  h i g h e r  b u c k l i n g  p r e s s u r e s  have u n a c c e p t a b l y  h i g h  

t e n s i l e  stresses n e a r  t h e  b r a z e  j o i n t .  Thus, f u r t h e r  work is underway t o  

d e t e r m i n e  a s u i t a b l e  compromise. 
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V I .  SUPERCONDUCTING SOLENOID MAGNET SYSTEM 

The d e s i g n s  o f  t h e  two s u p e r c o n d u c t i n g  magnets  were comple ted  by two 

d i f f e r e n t  vendors ,  b o t h  of whom i n i t i a t e d  f a b r i c a t i o n  t h i s  q u a r t e r .  Des ign  

r e v i e w s  were h e l d  f o r  b o t h  vendors .  The f i n a l  c o i l  and c r y o s t a t  d e s i g n s  

were approved a s  b e i n g  c o m p a t i b l e  w i t h  t h e  140 GHz g y r o t r o n .  We a r e  c l o s e l y  

m o n i t o r i n g  t h e  p r o g r e s s  o f  t h e  two vendors  t o  e n s u r e  t h a t  t h e  magnets  a r r i v e  

on s c h e d u l e  and t h a t  t h e y  f u l l y  comply w i t h  o u r  s p e c i f i c a t i o n .  

A two-coi l  magnet d e s i g n ’  was approved  for  u s e  by b o t h  vendors .  The 
1 

t h r e e - c o i l  d e s i g n  o r i g i n a l l y  c o n s i d e r e d  by one  vendor ,  was e l i m i n a t e d  

b e c a u s e  of manufac tu r ing  problems and t h e  t e c h n i c a l  r i s k  i n v o l v e d .  The 

magnet vendor  f e l t  it was p o s s i b l e  t o  r e a c h  t h e  f u l l  6% t a p e r  r e q u i r e m e n t  

u s i n g  a two-coil c o n f i g u r a t i o n .  I n i t i a l  s t u d y  of t h e  r a m i f i c a t i o n s  of a 

two-coil d e s i g n  i n d i c a t e d  no a d v e r s e  e f fec ts  on t h e  g y r o t r o n  d e s i g n  OF 

o p e r a t i o n .  Because o f  t h e  i n c r e a s e d  s a f e t y  margin  o f  t h e  two-coi l  d e s i g n ,  

t h e  d e c i s i o n  was reached  t o  u s e  t h i s  d e s i g n  fo r  bo th  magnet s y s t e m s  on 

order e 

Design r e v i e w s  were h e l d  for bo th  vendors  t h i s  q u a r t e r .  The pu rpose  of 

t h e  r e v i e w s  was t o  make c e r t a i n  t h a t  t h e  magnet d e s i g n s  were c o m p a t i b l e  w i t h  

t h e  140 GHz g y r o t r o n  and t h e  Var i an  t es t  set. The c o i l  d e s i g n s  were 

e v a l u a t e d  a t  Var i an  and found t o  b e  c o m p a t i b l e  w i t h  o u r  p r e s e n t  gun d e s i g n .  

The c r y o s t a t  d imens ions  were checked t o  make s u r e  t h a t  t h e y  would f i t  i n  o u r  

e x i s t i n g  s o c k e t .  A d i ag ram of t h e  g e n e r a l  dewar c o n f i g u r a t i o n  i s  g i v e n  i n  

F i g u r e  42. T h i s  c o n f i g u r a t i o n  is a compromise t o  o b t a i n  t h e  d e s i r e d  h e l i u m  

h o l d  time and a l s o  f i t  i n  o u r  e x i s t i n g  t es t  set .  The dewar d e s i g n  fo r  t h e  

f i n a l  end-use r s  may b e  d i f f e r e n t  t h a n  t h i s  d e s i g n .  A t  t h e  comple t ion  of t h e  

d e s i g n  r e v i e w s ,  f a b r i c a t i o n  s t a r t - u p  was a u t h o r i z e d  fo r  b o t h  vendors .  

S i n c e  t h e  magnet is c r i t i c a l  i n  order t o  t e s t  t h e  f i rs t  t u b e ,  w e  a r e  

m o n i t o r i n g  t h e  p r o g r e s s  of t h e  magnets  q u i t e  c l o s e l y .  Our follow-up e f f o r t  

c o n s i s t s  of close t e l e p h o n e  c o n t a c t  w i t h  t h e  p r o j e c t  e n g i n e e r  and f r e q u e n t  

unannounced v i s i t s  a t  t h e  vendor  s i te .  I n  a d d i t i o n ,  b o t h  vendors  a r e  

r e q u i r e d  t o  submi t  monthly r e p o r t s  t o  summarize t h e i r  p r o g r e s s .  So f a r ,  
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b o t h  magnets  a r e  on s c h e d u l e  and b o t h  vendors  a n t i c i p a t e  an on-time 

d e l i v e r y .  

Another  i m p o r t a n t  a s p e c t  of  a s u c c e s s f u l  magnet sys tem is t h e  q u a l i t y  

a s s u r a n c e  p l a n .  F i g u r e  43 is a b l o c k  d i ag ram o f  t h e  m a n u f a c t u r i n g  f low f o r  

a s u p e r c o n d u c t i n g  magnet sys tem.  Noted u n d e r n e a t h  each  b lock  is t h e  q u a l i t y  

a s s u r a n c e  i n s p e c t i o n  or t e s t  which h e l p s  t o  e n s u r e  t h a t  t h e  s p e c i f i c a t i o n  is 

b e i n g  met. The f i n a l  a c c e p t a n c e  t e s t  is t h e  u l t i m a t e  c r i t e r i a  f o r  

documenting s p e c i f i c a t i o n  compl iance ,  Every a s p e c t  of t h e  magnet sys t em i s  

f u l l y  checked  t o  e n s u r e  s a t i s f a c t o r y  o p e r a t i o n .  Both v e n d o r s  a n t i c i p a t e  

s u b m i t t i n g  t h e  a c c e p t a n c e  t es t  p l a n  f o r  a p p r o v a l  e a r l y  i n  t h e  n e x t  q u a r t e r .  

I n  summary, bo th  v e n d o r s  were rev iewed t h i s  q u a r t e r  and f a b r i c a t i o n  was 

i n i t i a t e d .  A d e c i s i o n  was r e a c h e d  t o  d r o p  t h e  t h r e e - c o i l  app roach  i n  f a v o r  

of two-coiA d e s i g n s  for  b o t h  sys t ems .  No a d v e r s e  a f f e c t s  on t h e  g y r o t r o n  

per formance  a r e  a n t i c i p a t e d  a s  a r e s u l t  of t h i s  d e c i s i o n .  Our e x t e n s i v e  

follow-up on vendor  p r o g r e s s  h a s  c o n c e n t r a t e d  on e n s u r i n g  on-time d e l i v e r y  

of a q u a l i t y  magnet sys tem.  

been i n i t i a t e d  by both vendors .  

The d r a f t i n g  of an a c c e p t a n c e  t e s t  p l a n  h a s  
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V I I .  140 G H z  COMPOEIEETTS, DIAGNOSTICS 

AND PROTECTIVE D E V I C E S  

A. WATERLOAD 

The e l e c t r o m a g n e t i c  r a d i a l  d i v e r t o r  ( E R D )  w a t e r l o a d  has b e e n  o r d e r e d .  

P a r t s  f a b r i c a t i o n  is n e a r l y  c o m p l e t e .  Assembly s h o u l d  b e g i n  n e x t  q u a r t e r .  

E!. INFRARED DIAGNOSTICS 

The 140 GHz I R  g r i d  h a s  b e e n  o r d e r e d .  T e s t s  of a g r i d  which  h a s  b e e n  

s c a l e d  t o  60 GHz w i l l  b e  p e r f o r m e d  n e x t  q u a r t e r  on a 60 GHz p u l s e  tilbe. 

The  I R  s y s t e m  software p a c k a g e  from T h e r m o t e k n i x  ( p u r c h a s e d  from AGA 

C o r p o r a t i o n ) ,  which  t r a n s l a t e s  i n t e n s i t y  measurements  t o  t e m p e r a t u r e ,  was 

r e c e n t l y  improved.  The u p g r a d e d  s o f t w a r e  p a c k a g e  p e r m i t s  t h e  u s e  of f i l t e r s  

i n  t h e  o p t i c a l  p a t h .  A v a r i e t y  of c a l i b r a t i o n  tests w i l l  be p e r f o r m e d  n e x t  

q u a r t e r .  A d d i t i o n a l  software r e q u i r e m e n t s  t o  a c c o u n t  for t h e  t r a n s m i s s i o n  

f u n c t i o n  and t e m p e r a t u r e  of t h e  g r i d  a r e  p r e s e n t l y  b e i n g  e v a l u a t e d  fo r  a 

p r i c e  q u o t e  by T h e r m a t e k n i x .  

C. HODE FILTER 

Mast of t h e  e f f o r t  d u r i n g  t h i s  p e r i o d  was on an  a l t e r n a t e  n e l i c a l  mode 

f i l t e r ,  d i s c u s s e d  i n  t h e  p r e v i o u s  r e p o r t . '  

s h a l l o w  h e l i x  h a v i n g  s e v e r a l  t u r n s  p e r  i n c h  w i t h  a h a l f - w a v e l e n g t h  s p a c i n g .  

T i t a n i u m  d i o x i d e  i s  p l a n n e d  for t h e  loss  mater ia l .  

The d e s i g n  employs  a v e r y  

S a m p l e s  of b o t h  t i t a n i u m  d i o x i d e  and b a r i u m  t i t a n a t e  h a v e  b e e n  

s u c c e s s f u l l y  machined  i n  our shop.  No p r o b l e m s  w i t h  t h e  f i n a l  m a c h i n i n g  

o p e r a t i o n  a r e  a n t i c i p a t e d .  A v e n d o r ,  w i t h  p l a s m a - s p r a y  g u n s  s m a l l  enough t o  

g e t  i n s i d e  t h e  2-1/2" diameter,  h a s  b e e n  i d e n t i f i e d .  Use of such small  

p l a s m a  g u n s  s h o u l d  e n a b l e  c o m p l e t e  c o v e r a g e  i n  the g r o o v e s .  I n i t i a l  

m a c h i n i n g  h a s  been  c o m p l e t e d .  T h i s  i n c l u d e s  c u t t i n g  t h e  h e l i x  and 

f a b r i c a t i n g  a l l  the p a r t s  t h a t  need t o  b e  b r a z e d .  
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D. ARC DETECTOR/FREQUENCY SAMPLER 

Drawings have  been  s t a r t e d  for t n e  VGT-8014 a r c  detector f r e q u e n c y  

sample r .  As no ted  i n  t h e  l a s t  r e p o r t ,  a second l i g h t  p i p e  h a s  been  

i n c o r p o r a t e d  i n  the d e s i g n .  
1 

T h e r e  is some c o n c e r n  t h a t  t t i e  l i g h t - s e n s i n g  a r c  d e t e c t o r  may see 

f l u o r e s c e n c e  from i n s i d e  t h e  t u b e  t h r o u g h  t h e  t r a n s p a r e n t  s a p p h i r e  window, 

t h e r e b y  c a u s i n g  f a l s e  c rowbars .  If t h i s  occu-3 ,  an a l t e r n a t e  method would 

b e  to use an a u d i o  a r c  detector,  such  2s the one used  by ORNL i n  a 28 GHz 

syst.em. P r i n t s  of t h i s  d e t e c t i o n  sys t em have  been r e c e i v e d  from ORNL. I t  

i s  p lanned  t o  have one  of t h e  a u d i o  a r c  detectors r e a d y  for t h e  f i rs t  t u b e  

t e s t .  

Two d i f f e r e n t  t e c h n i q u e s  of t r a n s f e r r i n g  the rf s i g n a l  from t h e  

f r e q u e n c y  sample r  t o  t h e  test c o n s o l e  have  been c o n s i d e r e d .  I n  t h e  f i r s t  

c a s e ,  t h e  t r a n s m i s s i o n  is i n  the TE mode. T h i s  r e q u i r e s  two TE t o  TEo 11 10 11  
t r a n s i t i o n s  and a p p r o p r i a t e  t a p e r s .  I n  t h e  second c a s e ,  t h e  power i s  

t r a n s m i t t e d  i n  t h e  TEo mode. T h i s  i s  t h e  lowest loss c a s e .  This r e q u i r e s  

two TE 

p r o b a b l y  b e  tested on t h e  first t ube .  

0 

01 
0 t o  TEO, t r a n s i t i o n s  and a p p r o p r i a t e  t a p e r s .  Both t e c h n i q d e s  w i l l  

10 

E. DIRECTIONAL COUPLER 

Ef fo r t s  d u r i n g  t h e  t h i r d  q u a r t e r  c o n c e n t r a t e d  p r i m a r i l y  on f i n d i n g  a 

machine shop c a p a b l e  of c o n s t r u c t i n g  t h e  35 GHz test c o u p l e r  d e s c r i b e d  i n  

t h e  preVi0US q u a r t e r l y  r e p o r t .  The size and d e s i r e d  c o n s t r u c t i o n  

t o l e r a n c e s  made it d i f f i c u l t  t o  l o c a t e  a shop  w i t h  t h e  r e q u i r e d  equipment  

and e x p e r t i s e .  Drawings for t h e  c o u p l e r  were comple ted  and c o p i e s  s e n t  t o  

t h e  o n l y  two s h o p s  t h a t  could b e  found w i t h  t h e  equipment  c a p a b l e  of 

mach in ing  o v e r  t h e  r e q u i r e d  59" l e n g t h .  O f  t h e s e ,  o n l y  t h e  U n i v e r s i t y  of 

C a l i f o r n i a ,  San Diego Upper Campus Machine Shop h a s  e x p r e s s e d  a w i l l i n g n e s s  

t o  u n d e r t a k e  t t i e  c o n s t r u c t i o n ,  p r o v i d i n g  t h a t  c e r t a i n  t o l e r a n c e s  a r e  

r e l a x e d .  C r i t i c a l  d imens ions  had been s p e c i f i e d  t o  less t h a n  0.001". 

1 
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The i n a b i l i t y  t o  l o c a t e  a shop c a p a b l e  of m a n u f a c t u r e  a t  t h e  d e s i r e d  

t o l e r a n c e s  forced r e l a x a t i o n  t o  - +O.OO1ll. 

h o l e s  on p h a s e  v e l o c i t y  ifl t h e  r e s p e c t i v e  g u i d e s  is  n o t  c o n s i d e r e d  i n  t h e  

c a l c d l a t i o n s ,  t h e  35 GHz tes t  c o u p l e r  was d e s i g n e d  t o  be a d j u s t a b l e  t o  f i v e  

d i f f e r e n t  d e p t h s  of t h e  r e c t a n g u l a r  g i l i d e ,  e a c h  s y m m e t r i c a l l y  s p a c e d  O . O O 1 l v  

a p a r t  a round t h e  c a l c u l a t e d  i d e a l  d e p t h .  Cold t es t  m e a s u r e m e n t s  on this 

c o u p l e r  w i l l  be used t o  a s c e r t a i n  t h e  effect  of t h e  c o u p l i n g  holes for ilse 

in the 140 GHz d e s i g n .  

S i n c e  t h e  e f fec t  o f  the c o u p l i n g  

A t  this p o i n t ,  t h e  d r a w i n g s  a r e  b e i n g  r e d o n e  t o  re f lec t  t h e  relaxed 

t o l e r a n c e s  and sen t  t o  t h e  UCSD s h o p  for a q u o t e .  The UCSD shop h a s  

c o n s i d e r a b l e  e x p e r i e n c e  i n  t h i s  t y p e  of c o n s t r u c t i o n  and b u i l d s  c o u p l e r s  

ilsed a t  Lawrence  L i v e r m o r e  N a t i o n a l  L a b o r a t o r i e s .  
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VIII. PROGRAM SCHEDULE AND PLANS 

FOR NEXT QUARTER 

The d e s i g n s  of t h e  f i rs t  two expe r imen ta l  t u b e s ,  Experimental  Tube 1 

and P rep ro to type  Tube 1,  a r e  e s s e n t i a l l y  complete and t h e  manufacture of  

Experimental  Tube 1 is well underway. The f a b r i c t i o n  of gy ro t ron  magnets 

a t  two d i f f e r e n t  vendors is b e i n g  monitored c l o s e l y  t o  e n s u r e  t i m e l y  

d e l i l v e r y  of t h e  magnets. Gyrotron components, d i a g n o s t i c s ,  and p r o t e c t i v e  

d e v i c e s  a r e  be ing  manufactured i n  p r e p a r a t i o n  for t h e  f i rs t  t u b e  tests. As 

i n d i c a t e d  by t h e  m i l e s t o n e  c h a r t  f o r  t h e  140 GHz Gyrotron Development 

Program i n  F i g u r e  44 ,  tests on t h e  f irst  t u b e  are s t i l l  planned f o r  t h e  end 

o f  n e x t  q u a r t e r .  

During t h e  n e x t  q u a r t e r ,  the fo l lowing  t a s k s  w i l l  be performed: 

S l i g h t  m o d i f i c a t i o n s  i n  the  d e s i g n  o f ,  both,  t h e  s imple TE c a v i t y  
03 1 

and t h e  TEoz1/TE 
03 1 

l eakage  and o u t p u t  mode conversion.  

i n c o r p o r a t e d  into t h e  e a r l i e s t  p o s s i b l e  expe r imen ta l  v e h i c l e s .  

complex c a v i t y  w i l l  be made t o  t r y  t o  d e c r e a s e  back-rf 

S u c c e s s f u l  m o d i f i c a t i o n s  w i l l  b e  

A s e n s i t i v i t y  a n a l y s i s  w i l l  be performed f o r  t h e  TEO2., /TE031 complex 

c a v i t y  u s i n g  t h e  r e s u l t s  of t h e  p l a s t i c / e l a s t i c  stress a n a l y s i s  performed 

t h i s  q u a r t e r .  T h i s  a n a l y s i s  w i l l  determine i f  t h e r m a l l y  induced 

de fo rma t ions  of t h e  c a v i t y  w a l l s  w i l l  c a u s e  d e l e t e r i o u s  changes i n  t h e  

e lec t r ica l  characterisics of t h e  c a v i t y .  F a t i g u e  c a l c u l a t i o n s  w i l l  be 

carried o u t  f o r  t h e  TE 021/TEo3, c a v i t y  des ign  f o r  c a v i t i e s  made from AL-15 

copper and OFHC copper.  

be performed . 
Cold tests of the  s imple  TE c a v i t y  d e s i g n s  w i l l  

03 1 

F u r t h e r  co ld  t e s t s  of t h e  beam t u n n e l  s t r u c t u r e  and a d d i t i o n a l  

t empera tu re  and stress c a l c u l a t i o n s  for the second l o s s y  r i n g  i n  t h e  beam 

t u n n e l  w i l l  be carried out .  

The two superconduct ing magnet systems w i l l  be c o n s t r u c t e d  and t e s t ed .  
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A l l  components, diagnostics, and protective devices needed for tests on 

the first experimental tube will be completed and readied for test. 

Fabrication of the 35 GHz test directional coupler will begin. 

Pulse  tests on the first experimental tube a re  scheduled to begin in 

March, 1985. 
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