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There a r e  t h r e e  f a c t o r s  t o  i n f l u e n c e  t h e  
frequency s t a b i l i t y  of t h e  magnetron which i s  
t h e  power source  of t h e  LIfiaC: t h e  change of 
t h e  modulating v o l t a g e , t h e  slow change of t h e  
environment tempera ture  and t h e  u n s t a b l e  r e -  
f l e c t i o n  from t h e  a c c e l e r a t i n g  t u b e  w i t h  t h e  
power feedback.We can u s e  a d e c r e a s i n g  c i r -  
c u i t  t o  s t a b i l i z e  t h e  modulat ing v o l t a g e .  The 
frequency s h i f t  caused by t h e  change of t h e  
environment tempera ture  can be decreased by a 
frequency s t a b i l i z a t i o n  system. The frequency 
change in t roduced  by t h e  u n s t a b l e  r e f l e c t i o n  
can be decreased b j  an  a d a p t i v e  frequency fo-  
l lowing  c o n t r o l l e r .  When a n  a d a p t i v e  c o n t r o l  
loop i s  added t o  t h e  feedback  l o o p  o f  t h e  f r e -  
quency s t a b i l i L a t i o n  s y s t e m , t h e  a d a p t i v e  f r e -  
quency fo l lowing  w i l l  p r e s e n t .  A d i g i t a l  con- 
t r o l l e r  which i s  a s i n g l e  c h i p  microprocessor  
is  used t o  perform a r a p i d  frequency s t a b i l i -  
z a t i o n  and a slow f requency  following.The op- 
t i m a l  frequency f o l l o w i n g  i s  r e a l i z e d  by maxi- 
mizing t h e  a r e a  of t h e  s u p e r p o s i t i o n  envelope 
a t  t h e  e n t r a n c e  of t h e  a c c e l e r a t i n g  tube.  I n  
o r d e r  t o  r e a l i z e  t h e  r a p i d  frequency s t a b i l i -  
z a t i o n , a  h igh  speed SCK system w i t h  t h r e e  cur- 
r e n t  c o n v e r t e r s  i n  sequence i s  used t o  d r i v e  
t h e  s t e p p i n g  motor of t h e  frequency s t a b i l i z a -  
t i o n  system. 

I n t r o d u c t i o n  
The h i g h  u t i l i z a t i o n  f a c t o r  f o r  t h e  power 

source  is  a d i s t i n g u i s h i n g  f e a t u r e  of t h e  
L I N A C  w i t h  t h e  opt imal  coupl ing  feedback. We 
can a d j u s t  : t h e  two p h a s e r s  ( i n  F ig .  1 ) 
a g a i n  and aga in  t o  minimize t h e  a b s o r b t i n g  po- 
wer i n  t h e  load,af i  a r e s u l t , t h e  i n p u t  power of 
t h e  a c c e l e r a t i n g  t u b e  w i l l  b e  maximum.'l'he os- 
c i l l a t i o n  f requency  o f  t h e  magnetron whether 
t o  s t a b l e  o r  n o t  i s  very impor tan t  f o r  t h e  ac- 
c e l e r a t o r , i t  i s  n e c e s s a r y  t o  f i n d  a method of 
t h e  frequency s t a b i l i z a t i o n  s u i t a b l e  f o r  t h e  
a c c e l e r a t o r  w i t h  t h e  power feedback.  

F a c t o r s  t o  I n f l u e n c e  t h e  Frequency 
S t a b i l i t y  

There a r e  t h r e e  f a c t o r s  t o  des t roy  t h e  
s t a b i l i t y  f o r  t h e  o s c i l l a t i o n  frequency of  
t h e  m a  ne t ron:  

a? The r i p p l e  a t  t h e  t o p  of t h e  modula- 
t i n g  p u l s e  and t h e  change of t h e  ampli tude of  
t h e  modulating v o l t a g e  causes  a fast change 
of  t h e  o s c i l l a t i o n  f requency  f o r  t h e  .magne- 
t r o n .  

spectrum of 
t h e  magnetron caused by t h e  r e f l e c t i o n  i n t r o -  
duces a output  change of t h e  frequency d i s -  
c r i m i n a t o r , t h e  s e r v o  mechanism of t h e  frequen-  
cy s t a b i l i z a t i o n  system w i l l  d r i v e  t h e  t u n i n g  
b a r  o f  t h e  magnetron and change i t s  o s c i l l a -  
t i o n  f requency , then  t h e  o s c i l l a t i o n  frequency 
w i l l  be d e f l e c t e d  from t h e  o p e r a t i n g  frequen-  
cy of t h e  a c c e l e r a t o r . F o r  t h e  LIbxC w i t h  t h e  
feedback , the  frequency d e f l e c t i o n  i s  very se-  
r i o u s .  

c )  The change of  t h e  environment tempe- 
r a t u r e  causes  a slow sh i f t  o f  t h e  o s c i l l a t i o n  
frequency f o r  t h e  magnetron. 

b )  The change f o r  t h e  power 

Adaptive Frequency Fol lowing 

F o r  t h e  fas t  change and slow s h i f t  of t h e  

o s c i l l a t i o n  frequency we can use a d e c r e a s i n g  
Q c i r c u i t  i n  t h e  p u l s e  modulator and a f requ-  
ency s t a b i l i z a t i o n  system t o  reduce t h e  f r e -  
quency change,as  f o r  t h e  frequency u n s t a b i l i -  
t y  caused by t h e  change of power spectrum of 
t h e  magnetron,an a d a p t i v e  frequency f o l l o w i n g  
c o n t r o l l e r  can  be used t o  decrease  t h e  uns ta -  
b i l i t y , t h e n  t h e  long-time s t a b i l i t y  f o r  t h e  
o s c i l l a t i o n  f r e q u e n c j  i s  ensured. 

Energy of t h e  e l e c t r o n  beam i s  dec ided  
by t h e  microwave power a t  t h e  e n t r a n c e  of t h e  
a c c e l e r a t i n g  t u b e  , t h e  magnitude of t h e  e n t r a n -  
c e  power may be r e p r e s e n t e d  by t h e  a r e a  of 
t h e  s u p e r p o s i t i o n  envelope , then  t h e  envelope 
a r e a  can b e  r e g a r d e d  as a performance func- 
t i o n a l p a n  a d a p t i v e  mechanism tuns t h e  c a v i t y  
(Q=1 O ,000)which i s  t r e a t e d  as a frequency d i s -  
c r i m i n a t o r  t o  maximize t h e  envelope a rea .& a 
r e s u l t , t h e  beam i n t e n s i t y  w i l l  be maximum f o r  
a f i x e d  energy. 

t h e  d i g i t a l  c o n t r o l l e r , i t  p rovides  t h r e e  func-  
t i o n s : p h a s e  ad jus tment , f requency  s t a b i l i z a t i o n  
and a d a p t i v e  f requency  following.!the o u t p u t  of 
t h e  c a v i t y  d e t e c t o r  i s  a ' p u l s e  c u r r e n t , a  cur-  
r e n t  i n t e g r a t o r  i s  used t o  f i n d  t h e  s i g n a l  a- 
r e a  o f  t h e  d e t e c t o r  o u t p u t , a  DC s i g n a l  which 
i s  obta ined  by hold ing  t h e  s i g n a l  a r e a  i s  con- 
v e r t e d  by an  AN i n t o  an % b i t  d i g i t a l  word 
and is  t r a n s f e r e d  i n t o  t h e  s i n g l e  c h i p  micro- 
p r o c e s s o r .  I n  o r d e r  t o  s t a b i l i z e  t h e  o s c i l l a -  
t i o n  frequency of t h o  magnetron n e a r  t h e  r e -  
sonance frequency of t h e  c a v i t y , a n  one-demen- 
s i o n  s e a r c h  method i s  used . I f  t h e  spectrum 
form of  t h e  magnetron has a fast change, i t  
w i l l  cause  s e v e r a l  d i f f i c u l t i e s  f o r  t h e  s e a r -  
ch  methodsfor  examplesthe exac tness  of t h e  
frequency s t a b i l i z a t i o n  may be reduced,  t h e  
speed  of t h e  frequency fo l lowing  w i l l  be in- 
f luenced  e t c . k f t e r  r e a l i z i n g  t h e  frequency 
s t a b i l i z a t i o n , t h e  a d a p t i v e  f r e q u e n c j  fo l low-  
i n g  l o o p  added onto  t h e  frequency s t a b i l i L a - .  
t i o n  loop  w i l l  b e g i n  t o  o p e r a t e , â n  a r e a  s ig-  
n a l  o f  t h e  s u p e r p o s i t i o n  envelope wi thout  t h e  
beam l o a d  a t  t h e  e n t r a n c e  o f  t h e  a c c e l e r a t i n g  
t u b e  w i l l  be  searched  t o  i t s  extremum and 
holded n e a r  t h e  extremum by means of t u n i n g  
t h e  c a v i t y . 8 ~  a r e s u l t , w h e n  t h e  beam c u r r e n t  
w i t h  f i x e d  energy e x i s t s , i t s  i n t e n s i t y  w i l l  
b e  main ta ined  n e a r  t h e  maxirmum.If t h e  adap- 
t i v e  l o o p  f â i l s , t h e  a c c e l e r a t o r  w i l l  s t i l l  op- 
p e r a t e  and t h e  beam c u r r e n t  w i l l  n o t  b e  niain- 
t a i n e d  a t  i t s  maximum. 

We use  a s i n g l e  c h i p  microprocessor  as 

Stepping  Motor Servo 
The s t e p p i n g  motor is  a p u l s e  motorwhich 

i s  used i n  t h e  a c c u r a t e  c o n t r o l  system, h i g h  
accuracy ,no  accumulat ion e r r o r  and wide r a n g e  
of t h e  s t e p p i n g  r a t e  a r e  t h r e e  advantages of 
t h e  motor . In  t h e  fPequency s t a b i l i z a t i o n  s y s -  
t e m , t h e  cavi t j l  snd t h e  magnetron a r e  tuned  by  
t h e  motor r e s p e c t i v e l y  , t h e  m e  Is Sriv.ëd b y  t h e  
r e p e t i t i o n  p u l s e s  w i t h  a low s p e e d , t h e  o t h e r  
i s  d r i v e d  by t h e  v a r i a b l e  speed p u l s e s  which 
a r e  dependent on t h e  frequency d e f l e c t i o n  of 
t h e  magnetron from t h e  resonance f requency  of 
t h e  c a v i t y , t h e n  t h e  slow frequency f o l l o w i n g  
and t h e  r a p i d  frequency s t a b i l i z a t i o n  a r e  per-  
formed independent ly .  

E'ig.2 shows a common t r a n s i s t o r  d r i v e r  
of t h e  s t e p p i n g  motor , the  maximal e f f e c t i v e  
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s t e p p i n g  r a t e  f o r  d u a l - t h r e e  b e a t  s t a t u s  i s  
a b o u t  300 s t e p s  p e r  second(output  moment:3kg- 
cm) , t h e  winding inductance  Lo and t h e  s e r i e s  
r e s i s t a n c e  Ro deterrriine t h e  t ime-constant  Lo/ 
A G  , i t  conf ines  t h e  r a t e  of  c u r r e n t  r i s e  i n  
t h e  winding, then t h e  maximal e f f e c t i v e  s t e p -  
p i n g  r a t e  i s  r e s t r i c t e d . 1 n  o r d e r  t o  i n c r e a s e  
t h e  s tepping  r a t e , t h e  one o f  e f f e c t i v e  methods 
is t o  b e  in t roduced  the SCR c u r r e n t  c o n v e r t e r s  
i n t o  t h e  motor d r i v e r  as shown i n  P'ig.3, t h e  
maximal e f f e c t i v e  s t e p p i n g  r a t e  can be i n c r e a -  
s e d  t o  about 550 s t e p s  p e r  second(output  mo- 
ment:3kg-cm) .This  SCR d r i v e r  c o n t a i n s  t h r e e  
c u r r e n t  c o n v e r t e r s ,  they  must o p e r a t e  s e q u e r t l y  
. E u l s e  A f i r e s  t h e  SCRI , t h e n  c a p a c i t o r  C w i t h  
an i n i t i a l  v o l t a g e  E, begins  t o  d i s c h a r g e  
t h r o u g h  inductance Lo and SCRI .When T= w m  
'la equ-als -E1 and SCRI i s  i n t e r r u p t e d . P u l s e  B 
f i r e s  t h e  SCRZs,the v o l t a g e  -E1 on c a p a c i t o r  
C W i l l  i n t e r r u p t  two SCR4s.m for which SCB4 
f i r e s  a f t e r  Va=O w i l l  be  dec ided  which g a t e  i s  
b i a s e d  a p o s i t i v e  v o l t a g e  by t h e  r e v e r s i n g  d i -  
v i d e r . 8 ~  t h e  v o l t a g e  on c a p a c i t o r  C r i s e s  up 
t o  i t s  extrernum,pulse C f i r e s  t h e  SCB3,the ca- 
p a c i t o r  i: discharges  through t n e  two f i r i n g  
SCR4s and i t s  s e r i e s  i n d u c t o r s , t h e n  t h i s  ra te  
of  c u r r e n t  r i s e  i n  i n d u c t o r  Lo w i l l  b e  much 
l a r g e r  than  t h a t  one i n  F ig .2 . In  r e s u l t ,  t h e  
maximal e f f e c t i v e  s t e p p i n g  r a t e  i n c r e a s e .  

Conclusion 
The adapt ive  frequency f o l l o w i n g  method 

is  s u i t a b l e  f o r  e n s u r i n g  t h e  h i g h  u t i l i z a t i o n  
f a c t o r  of t h e  L I N A C  wi th  t h e  opt imal  coupl ing  
power feedback. 
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