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ABSTRACT 

The o b j e c t i v e  of t h i s  program is t o  deve lop  a microwave o s c i l l a t o r  

capab le  of producing 200 kW CIJ power ou tpu t  a t  28 GHz. The use of the  

g y r o t r o n  o r  c y c l o t r o n  resonance  i n t e r a c t i o n  is be ing  pursued .  

T e s t i n g  of miter band tube  7(M) was completed and t h e  tube  shipped t o  

Oak Ridge. Unfo r tuna te ly  it s u f f e r e d  a vacuum l e a k  and was r e t u r n e d  t o  Palo 

A l t o  where it was r e p a i r e d ,  t e s t e d  and r e t u r n e d  t o  O R N L .  It is  now 

o p e r a t i n g  a t  50 t o  60 kW CW i n t o  t h e  EBT-S Plasma. 

Tube 5R1 was r e b u i l t  t o  i n c o r p o r a t e  a new water-cooled c o l l e c t o r  s e a l  

and was o p e r a t i n g  a t  122 kW peak power a t  a 0.006 d u t y  c y c l e  a t  t h e  end of 

t h e  q u a r t e r .  

A l l  subassembl ies  on tube  6 were completed except  t h e  c o l l e c t o r  seal 

which is due i n  e a r l y  Janua ry .  

Tube 12 M a s sembl i e s  are complete  except  t h e  miter, ou tpu t  waveguide,  

anode and window a s s e m b l i e s .  

Design and t h e  o r d e r i n g  of p a r t s  f o r  t h e  first 5" diameter axisymmetr ic  

t ube  has  been completed except  fo r  t h e  window spac ing  de t a i l s .  

The cause  of t h e  f a i l u r e  of t h r e e  o f  t h e  twelve  magnet c o i l s  i n  t he  

test s t a t i o n  was i n v e s t i g a t e d  and c o r r e c t i v e  a c t i o n  t a k e n .  



I. I N T R O D U C T I O N  

The o b j e c t i v e  o f  t h i s  program is t o  develop a microwave o s c i l l a t o r  

c a p a b l e  of  producing 200 kW of CW power a t  a frequency of 26 GHz. 

a d d i t i o n ,  i t  is in tended  t h a t  t h e  program w i l l  s e r v e  as t h e  f i r s t  s t e p  

toward development o f  a device  t o  produce a similar power l e v e l  a t  a 

f requency of 60 and 110 GHz. F e a s i b i l i t y  for t h e  60 and 110 GHz d e s i g n s  

w i l l  be demonst ra ted ,  whenever p r a c t i c a l ,  i n  the d e s i g n  of t he  28 GHz 

d e v i c e .  T u n a b i l i t y  or bandwidth is n o t  cons idered  an  impor tan t  parameter  i n  

t h e  d e s i g n ,  but  e f f i c i e n c y  i s .  Mode p u r i t y  i n  t he  o u t p u t  waveguide is  n o t  a 

requirement  f o r  t h e  d e v i c e ,  b u t  t h e  c i r c u l a r  TE mode is  cons idered  d e s i r a b l e  

because of i ts low loss p r o p e r t i e s .  

I n  

With t h e s e  o b j e c t i v e s  i n  mind, the  d e c i s i o n  was made t o  pursue an 

approach based on a c y c l o t r o n  resonance i n t e r a c t i o n  between an  e l e c t r o n  beam 

and microwave f i e l d s .  The de ta i led  arguments l e a d i n g  t o  t h i s  c h o i c e  are 

conta ined  i n  the f i n a l  r e p o r t  o f  t h e  preceding  s t u d y  program . The d e v i c e  

c o n f i g u r a t i o n  of  p a r t i c u l a r  i n t e r e s t ,  called a g y r o t r o n ,  ham been d i s c u s s e d  
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It t y p i c a l l y  employs a hol low e l e c t r o n  beam i n  r e c e n t  l i t e r a t u r e .  293 

i n t e r a c t i n g  w i t h  c y l i n d r i c a l  r e s o n a t o r s  o f  t h e  TEOm, class.  

The  optimum beam for t h e  c y c l o t r o n  resonance i n t e r a c t i o n  is  one i n  

which the e l e c t r o n s  have most of t h e i r  energy i n  v e l o c i t i e s  p e r p e n d i c u l a r  t o  

the  a x i a l  magnet ic  f i e l d .  Another requirement  is t h a t  t h e  small component 

of a x i a l  v e l o c i t y  be e s s e n t i a l l y  t h e  same for  a l l  e l e c t r o n s .  An e l e c t r o n  

which has a d i f f e r e n t  a x i a l  v e l o c i t y  w i l l  n o t  i n t e r a c t  e f f i c i e n t l y .  

Genera t ion  of  a beam wi th  h i g h  t r a n s v e r s e  v e l o c i t y  and smal l  a x i a l  v e l o c i t y  

spread  is  a n o t h e r  impor tan t  d e s i g n  problem. 

The approach chosen t o  g e n e r a t e  t h e  beam is a magnetron type  of gun 

l i k e  t h e  one used i n  t h e  d e v i c e s  d e s c r i b e d  i n  t h e  Russian l i t e r a t u r e .  With 

t h i s  type  of gun, t h e  shaping  of t h e  magnetic f i e l d  i n  t h e  gun r e g i o n  

becomes q u i t e  i m p o r t a n t .  

A s  a r e s u l t  o f  the e x c e l l e n t  performance of the  pulsed osc i l la tor ,  
4 

producing up t o  248 kw of peak power a t  28 GHz w i t h  good e f f i c i e n c y  , t h e  
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emphasis o f  t h e  program has been s h i f t e d  t o  stress t h e  c o n s t r u c t i o n  and 

d e l i v e r y  of CW o s c i l l a t o r s .  

During the per iod covered by t h i s  r e p o r t ,  two t u b e s  in t ended  fo r  CW 

o p e r a t i o n ,  S/N 5, an axisymmetr ic  o u t p u t  t y p e ,  and S/M 7,  a miter-bend 

o u t p u t  t y p e ,  were ope ra t ed  under pulsed  and CW c o n d i t i o n s .  Another p a i r ,  

w i t h  t h e  same two t y p e s  o f  o u t p u t  a r rangements  (S/N 6 and 12) were i n  

d i f f e r e n t  stages o f  c o n s t r u c t i o n .  P a r t s  f o r  the  new 5" ou tpu t  t u b e  (S/N 9) 

were o rde red .  The fo l lowing  o b s e r v a t i o n s  on these  t u b e s  are r e p o r t e d  here 

i n  the order i n  which t h e y  were tested or  assembled. 
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11. TUBE S/N #7 

The tube  was sh ipped  t o  Oak Ridge i n  e a r l y  October where it was 

i n s t a l l e d  i n  EBT-S. U n f o r t u n a t e l y ,  wh i l e  be ing  i n s t a l l e d  by Varian and ORNL 

p e r s o n n e l ,  i t  went "down t o  a i r f f  s h o r t l y  a f t e r  i t  was tu rned  on as e x h i b i t e d  

by a. dramatic r i s e  i n  t u b e  p r e s s u r e .  Later it was e s t a b l i s h e d  t h a t  t h e  l e a k  

had been caused by a cracked ceramic i n  t h e  loaded d r i f t  t ube  assembly.  

The consensus  is t h a t  t h e  ceramic had been subjec ted  t o  an abnormal 

amount of microwave power du r ing  o p e r a t i o n .  T h i s  was very  l i k e l y  caused by 

a s t r o n g  o s c i l l a t i o n  i n  t h e  d r i f t  t ube  r e g i o n  between t h e  gun and t h e  c a v i t y  

caused by the  c y c l o t r o n  resonance  a t  t h e  reduced magnet ic  f i e l d  s t r e n g t h  a t  

t h e  time of  f a i l u r e .  Hencefor th ,  it w i l l  be recommended t h a t  on ly  normal 

o p e r a t i n g  magnetic f i e l d  s t r e n g t h  be usEd under  a l l  o p e r a t i n g  c o n d i t i o n s .  

The tube  was r e t u r n e d  t o  Var i an ,  Pa lo  Al to  where t h e  d r i f t  t u b e  l o a d  

assembly was r e p l a c e d .  It was then  reassembled ,  r ep rocessed  and made r eady  

for  high v o l t a g e  t e s t i n g  by October  24. The t u b e  is now known as S/N 7R1 

(MI; t h e  (MI s i g n i f i e s  t h a t  i t  has "miter-bendfl type  o u t p u t .  

Tube S/N 7 R 1  (MI 

T e s t i n g  of t h i s  t u b e  proceeded through November, first i n  t h e  p u l s e  

mode and then  CW. Approximately s i x  hours  o f  CW o p e r a t i o n  a t  61 kW had been 

logged by November 21. On t h i s  date a gas b u r s t  and cr0wba.r t u r n o f f  

occur red  which co inc ided  w i t h  a low v a l u e  o f  Gun 1 magnet c u r r e n t  (7 .2  A ) .  

The emiss ion  of the  ca thode  a l s o  i n c r e a s e d  s i g n i f i c a n t l y  fo l lowing  t h i s  

e v e n t .  The heater v o l t a g e  r e q u i r e d  f o r  8 A o f  beam c u r r e n t  decreased from 

12.8 v o l t s  t o  1 1 . 4  v o l t s .  Heater impedance i n c r e a s e d  from 1 .73  t o  1.84 ohms 

and heater power dec reased  from 95 t o  71 watts.  Both sets of v a l u e s  are 

w i t h i n  t h e  r ange  of heater power and impedance encountered  i n  o t h e r  

g y r o t r o n  guns t o  date. VacIon pump c u r r e n t  i n d i c a t e d  t h e  t u b e  was 

o u t g a s s i n g  f o r  s e v e r a l  hours  after t h e  e v e n t .  The tube  appears unchanged 

o t h e r w i s e .  The cause  o f  t h i s  change is b e l i e v e d  t o  be i n t e r c e p t i o n  of t h e  

beam by the modulat ion anode due t o  low gun c o i l  c u r r e n t  or an rf o s c i l -  

l a t i o n  i n  t h e  gun r e g i o n .  The r e s u l t a n t  gas b u r s t  conbined w i t h  a r c i n g  o r  
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rf o s c i l l a t i o n  is be l i eved  t o  have caused i n c r e a s e d  ca thode  emiss ion  and 

e r o s i o n  o f  t he  heater wire t h e r e b y  i n c r e a s i n g  its impedance. 

T e s t i n g  of  t h i s  t ube  was completed on November 28. Approximately 12 

hours  of  CW o p e r a t i o n  between 50 and 60 kW had been logged by t h i s  t ime.  

The tube  was shipped t o  Oak Ridge Na t iona l  L a b o r a t o r i e s  on November 30. 

The tube  was i n s t a l l e d  i n  t h e  EBT-S system and p rocess ing  begun on 

December 3. F u l l  beam c u r r e n t  and v o l t a g e  were reached by December 7 .  By 

December 10 ,  d i f f i c u l t y  was encountered  i n  t r y i n g  t o  ach ieve  more t h a n  5 kW 

or  rf o u t p u t .  The symptons were: t h e  body c u r r e n t  would i n c r e a s e  and t h e  

crowbar would f i re  when gun anode v o l t a g e  was i n c r e a s e d  t o  i n c r e a s e  power 

o u t p u t .  

The problem was diagnosed a s  a h igh  s e n s i t i v i t y  t o  t r a n s v e r s e  magnet ic  

f i e l d  components i n  t h i s  t ube .  X and Y a x i s  c o r r e c t i o n  c o i l s  were added  

a long  t h e  body of t h e  tube  ( i . e . ,  two se t s  o f  o r thogona l  c o i l s ,  t h e i r  axes  

pe rpend icu la r  t o  each o t h e r  and t o  t h e  c e n t r a l  a x i s  o f  t h e  t u b e ) .  

When d i r e c t  c u r r e n t s  i n  these c o i l s  were set  between 2 and 5 A ,  g i v i n g  

approximate ly  8 t o  20 g a u s s  o f  t r a n s v e r s e  f i e l d ,  t h e  body c u r r e n t  was 

reduced t o  a c o n s t a n t  l e v e l  of  19 mA and rf ou tpu t  was inc reased  t o  30 kk CW 

w i t h i n  a few hours .  It appea r s  t h a t  t h e  beam had been i n t e r c e p t e d  s l i g h t l y  

i n s i d e  the  tube  and t h a t  t he  c o r r e c t i o n  of t r a n s v e r s e  magnet ic  f i e l d  

components s u c c e s s f u l l y  r e c e n t e r e d  t h e  beam. Before  f u r t h e r  i n c r e a s e  i n  

ou tpu t  power could  be o b t a i n e d ,  a f a i l u r e  occurred  i n  the beam power supp ly .  

After t h i s  was r e p a i r e d ,  t u b e  p r o c e s s i n g  cont inued  and had reached 54 kW CW 

as of November 18. D i f f i c u l t y  was be ing  encountered  w i t h  the f r e q u e n t  

f ir ing of t h e  crowbar ,  w i t h  no i n d i c a t i o n  of tube  p r e s s u r e  change.  It was 

recommended t h a t  a s t r i p - c h a r t  r e c o r d e r  be i n s t a l l e d  t o  measure tube  

p r e s s u r e .  Toward t h e  end of t h e  q u a r t e r  i n v e s t i g a t i o n s  were s t i l l  i n  

p r o g r e s s  t o  de te rmine  i f  t h e  t u r n - o f f s  were caused by a tube  f a u l t  o r  a 

power supply  f a u l t .  

During t h e  p rocess ing  of t h i s  t u b e ,  t h e  c o l l e c t o r  seal  t empera tu re  rose 

r a p i d l y  on occas ion  and i t  was noted  t h a t  t h i s  correlated w i t h  t h e  rf l e v e l  
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a t  t h e  c o l l e c t o r  l o a d .  

t he  rf a t  t h e  c o l l e c t o r  could  be minimized which i n  t u r n  reduced t h e  

By careful ly  a d j u s t i n g  the  main magnet c o i l  c u r r e n t ,  

c o l l e c t o r  seal t empera tu re  t o  an a c c e p t a b l e  v a l u e .  Tab le  1 i s  a summary of 

t h e  p r i n c i p l e  o p e r a t i n g  parameters of t u b e  7 measured while  t e s t e d  w i t h  a 

matched rf w a t e r l o a d .  

Table  1 

S e r i a l  Number: 7 
VG A- 800 0 

OPERATING PARAMETERS 

C o l l e c t o r  Water Flow 350 gpm 
Body Water Flow 4 gpm 
Window Water Flow ( b o t h )  1 gpm 
FC-75 Flow 2 . 5  gpm 
Magnet Water Flow 16 gpm 

Upper Water Load 2 gpm 

Magnet Coil C u r r e n t s :  Main 1 = 552 A 
2 = 512 A 
3 = 480 A 
4 = 480 A 

Gun 1 = 10 A 
2 =  1 0 A  

Beam Voltage 77.5  kV 
Gun Anode Vol tage  30.6 kV 
Cathode Cur ren t  8 . 2  A 
Body Current  18 mA 

Power Output 67 kW 

Frequency 27.86 G H z  

A t  t h e  end of t h e  quarter t h e  t u b e  was o p e r a t i n g  a t  50  kW CW i n t o  t h e  

EBT-S plasma. 
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'This t u b e  w m  ret.urned t o  t e a t  i n  early October, After about  one week 

o f  c p w a t i o n  in khe p u l s e d  mode, it was removed i n  o r d e r  t o  work on t h e  

magnet syst;emPa. During t h e  time i t  was in opera t ion ,  it wa.s success full^ 

o p e r a t e d  at; a 0.009 di.ity cycle  with 176 ku peak power outpiit,. 

A miter bend was instal . I .ed between the t i h e  out,put and wat,erload. A 

conduct ion cooled c a ~ b e r 1 . 0 ~  r jhg  mode fi1.te-r w a s  ther! i n se r t ed  between t h e  

miter bend and t u b e  o u t p u t ,  The t u b e  was ope ra t ed  a t  160 kw peak a t  0.6% 

du ty  i n  each instancie . Power out-put, remained w i t h i n  apprcax itiaately 5% f o r  

the wa2;wload connected d i r e c t l y  t o  t h e  taube arid fo r  t h e  tim i.nst.an@es 

d e s c r i b e d  above 

Significant heat ing  of the mode f i l t e r  was noLed, A new mode f i l t e r ,  

using flowing water as an rf l o a d ,  is  being designed and conztructmi fo r  

p u l s e  and CM opera t ion .  It w1l.l- pe rmi t  ca lo r ime t r i c  aneasurerne~l; of rf' 

at3so.P pticsn . 

The behavior o f  the  tube  had l e d  u s  t o  be suopic ious  of the  f i e l d  shape 

of t h e  main nragiiet assembly. 

a p p l i e d  t o  each of the  magnet c o i l s ,  erratiic, c u r r e n t  was n o t i c e d  i n  c o i l  

number. 3. The magnet system was t aken  apar t  and each. section measured f o r  

r e s i s t a n c e .  

Flhen approximately 150 A of 60 cycle  ac w a s  

U l t i m a t e l y  th ree  of the twelve  sections were found t o  he  d e f e c t i v e  and 

were then  ~ e p l a c e d .  The f i e l d  was p l o t t e d  arid found t o  be normal. The 

magnet was re turned  to t h e  t e s t  s t a t i o n  socket in time t o  t e s t  # 7 .  (See 

Figure 1 ) .  

I n  accordance  w i t h  the  September 27 t e c h n i c a l  proposal ,  5 R 1  was r e b u i l t  

as S/W 5H2, It i nco rpora t e s  a new coll-ectsr seal design which has d i r e c t  

water cooling and rf loading on the ceramic insulator. D i f f i c u l t y  was 

expe r i enced  i n  assembling t h e  new version as evidenced by cracking of t h e  
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ceramic dur ing  b raz ing .  The b raz ing  t o o l i n g  was e x t e n s i v e l y  modif ied and 

t h e  b r a z i n g  fu rnace  t empera tu re  program Lengthened t o  minimize t e m p e r s t u r e  

gm-adient,s e In  a d d i t i o n ,  a lower t empera tu re  b r a z i n g  a l l o y  was used t o  

reduce  the  maximum tempera tu re .  T h i s  e f f o r t  r e s u l t e d  i n  a s u c c e s s f u l  

c o l l e c t o r  seal .  

The tube  was assembled and leak t e s t e d .  Following t h i s ,  i t  went 

through t h e  bake-out p rocess  and subsequent  ca thode  heater c o n d i t i o n i n g  

The water f i t t i n g s ,  thermocouples ,  l e a d  s h i e l d i n g  sh rouds  e t c  , were 

i n s t a l l e d  and t h e  tube  was ready  for  t es t  on December 1 4 .  

High-pot t ing has been completed a.nd t h e  t u b e  has been t es ted  i n  t h e  

p u l s e  mode t o  145 kW a t  0.6% d u t y .  
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IV. TUBE SIN 6 

A se t  of metal p a r t s  t o  e l i m i n a t e  t h e  CWaIolc co l l ec to r  seal  is i n  

These were i n i t i a t e d  at, t h e  r e q u e s t  of t h e  Gyrotron Committee process. 

d u r i n g  t h e  Dech;@mber 19 review. It W i l l  be a v a i l a b l e  for p o s s i b l e  use and 

e v a l u a t i o n  on tube  S/N 6 .  

All p a r t s  are on hand t o  i n c o r p o r a t e  an rf waterlead on t h e  t u b e .  T h i s  

w i l l  g ive u s  t h e  o p t i o n  o f  a "windowless" tube  which w i l l  p e r m i t  u s  t o  

c o n t i n u e  toward our 200 kW goal under more ideal c o n d i t i o n s .  A decision as 

to whether or  not t o  do t h i s  experiment w i l l  depend om? t h e  r e s u l t s  of S/N 5.  
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V. TUBE S/N 12M 

T h i s  t u b e ,  originally scheduled  f o r  complet ion i n  September 1980, was 

rncved up t o  t h e  p r e s e n t  i n  o r d e r  t o  p rov ide  a backup f o r  t u b e  S/N 7 ,  

p r e s e n t l y  o p e r a t i n g  a t  Oak Ridge. It is a miter-bend t u b e ,  similar t o  S/N 7 

except t h a t  its Q w i l l  be reduced t o  approximate ly  500 t o  improve power 

o u t p u t  e f f i c i e n c y  a t  higher beam current. 

A l l  assembl-ies are complete  except  the  miter, o u t p u t  waveguide,  anode 

and window a s s e m b l i e s .  
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Design 2nd pa r t s  procurement for  this f i r s t  pri window axisymmetric t u b e  

h a s  been completed except f o r  the  window spac ing  d e t a i l s .  Two sets of 5" 

Be0 discs and s i x  5" waterload ceramic cones  are on hand. 

The window ceramics 2nd f i x t u r e  are on hand for  co ld  t es t .  

No "standard1' 5" waveguide f l a n g e  appears t o  be available and one has  

been designed a f t e r  c o n s u l t a t i o n  with Oak Ridge. 

A waterload design has  been completed and par t s  o r d e r e d .  
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VIP. MAGNET COIL FAILURE INVESTIGATION 

F a i l u r e  o f  t h ree  o f  t he  twelve  c o i l s  i n  t h e  t e s t  s t a t i o n  magnet 

assembly was mentioned i n  t h e  tube  S/N 5Rl r e p o r t .  The fo l lowing  

i n v e s t i g a t i o n s  were made t o  e s t a b l i s h  t h e  cause  and t o  take  remedial 

a c t i o n .  

One o f  t h e  d e f e c t i v e  c o i l s  ( d i s p l a y i n g  e r r a t i c  c u r r e n t  and s e v e r e  "hot  

s p o t t i n g " )  was taken  t o  the  manufac tu re r ,  Elma Enginee r ing ,  fo r  f a i l u r e  

e v a l u a t i o n .  Me v e r i f i e d  t h a t  it was of h i s  manufacture  bu t  t h a t  tu rn- to-  

t u r n  sholat c i r c u i t s ,  t he  cause  of the problem, are u s u a l l y  a r e s u l t  of  

i nadequa te  r e v e r s e  v o l t a g e  p r o t e c t i o n .  S h o r t l y  a f te r  t h e  end of t h i s  

r epor t ing  p e r i o d  lN4045 r e v e r s e  vol tage p r o t e c t i o n  d i o d e s  were i n s t a l l e d  

a w o s s  t h e  ou tpu t  of each power supp ly .  We recomrrend t h a t  u s e r s  make 

similar i n s t a l l a t i o n s  i f  t h e i r  power s u p p l i e s  are no t  a l r e a d y  equipped wi th  

r e v e r s e - t r a n s i e n t  p r o t e c t l o n  d i o d e s ,  

Another p o s s i b l e  sou rce  of i n t e r - t u r n  breakdown has  been sugges ted :  

o c c a s i o n a l  minor water leaks i n  c o o l a n t - l i n e  connec t ions ,  h o s e s ,  e t c , ,  may 

soak through c o i l  i n s u l a t i o n  and p rov ide  a conduc t ive  pa th  which somehow 

might lead t o  permanent breakdown (even though t h e  c o o l a n t  i n  use  is h i g h  

r e s i s t i v i t y ,  de ion ized  water). To check t h a t  o u t  a new c o i l  was i n i t i a l l y  

s e t  up t o  o p e r a t e  a t  normal e l ec t r i ca l  c u r r e n t  and c o o l a n t  flaw, c a r e f u l l y  

measuring s t a b l e  v o l t a g e / c u r r e n t  r i e l a t i o n s h i p s ,  t a k i n g  "thermograph" 

( scann ing  i n f r a - r e d ,  e l ec t ron ic -camera  photographs t o  r e c o r d  o p e r a t i n g  

t empera tu re  g r a d i e n t s  and c o l o r - i n t e r p r e t e d  thermal p a t t e r n s ) .  The c o i l  was 

then  t o t a l l y  immersed i n  de ion ized  water o v e r n i g h t ,  w i thou t  c u r r e n t  flow, 

reconnected  and measured, as b e f o r e ,  w i t h  no change no ted .  (See Figure  2 ) .  

Subsequen t ly ,  t h e  c o i l  was opera t ed  f o r  two day s h i f t s  w i t h  'qraw" c i t y  water 

d r i p p i n g  con t inuous ly  ove r  it w h i l e  r e p e a t i n g  the o r i g i n a l  measurements 

No change was noted and the  test was d i s c o n t i n u e d ,  No a t t empt  was made t o  

operate the c o i l  w h i l e  t o t a l l y  immersed a s  it was not  cons ide red  a 

s i g n i f i c a n t  r e p r e s e n t a t i o n  of  normal o p e r a t i o n .  
a 
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A 
BEFORE WATER IMMERSION 

B 
AFTER 16-HOUR WATER IMMERSION 

23" C 

,19"C 

C 
AFTER 16 HOURS OF WATER DRIPPING ON COIL SECTION 

FIGURE 2. VYM-8000 MAGNET COIL SECTION TEMPERATURE PROFILE, 1.5 gpm, 492A 
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VIII. PROGRAM SCHEDULE AND PLANS 

Tube S/N 1 2 4  bas been moved up in the schedule and will be available 

f o r  shipment to Oak Ridge by January 25. 

S/N 6 ,  t h e  second 2.5p' axisymmetrical tube w i l l  be tested immediately 

following S/N 12. Final assembly will be completed following testing of S/N 

5R2 t o  incorporate improvements indicated in testing S/N 5R2. 

An updated Milestone Chart and Status Report is shown in Figure 3 .  
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MlhESTOME CHART AND STATUS REPORT 
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