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Abstract 

ii method of adaptive control for the optimal 
phase follcwing under frequeccy stabilization 
is discussed in this paper.It is will known 
that a power feedcack-L1lh-C with the optimal 
coublinn has a hian utilizing coefficient of 
cower.In order to‘-reaiiae tnis advantage,we 
can adjust the phase shifter and the variable 
coupler in the power feedback loop to rriiniiriize 
the output signal which arises on tne detector 
of the load and maximize the envelop on the 
entrance of the acceleration tube for differ- 
ont beam load, the optimal efficiency of tne 
LIAhC is then preserved.In this system a single 
chip ~239 is introduced.1'or every working fre- 
quency of the pulse magnetron,the bO39 controis 
the adaptive process which provides both opti- 
mal phase of the loop phase shifter and opti- 
mal coupling factor of the variable coupler. 
l‘ne frequency stability of an excellent fre- 
quency stabilization system must be constant 
approximately for different working frequencies 
and output power of the pulse magnetron.i?or 
this purpose,an adaptive gain controller to 
preserve the maximal output of the frequency 
discriminator near constant is introduced. 

data >F to the-data bus of a lii;C,the output of 
the LJXC; wnich controis the stepping rate of 
the stepping motor to tune the magnetron rapid- 
ly.If the data is greater than the preset thre- 
shold,an extremum control is performed by the 
U039,the stepping rate then is proportional to 
the difference between the oscillation fre- 
quency of the magnetron and the resonant fre- 
quency of the cavity.i'he extremum found by the 
&033 is dependent on the output power of tne 
magnetron,so the accuracy of the frequency sta- 
bilization is not a constact.&ince an adaptive 
gain controller controlled by tne trC34 is in- 
troduced,the extremum then equals a &reset 
value approxirnately.l'he controller gain chan- 
ges from the initial value step by step until 
the extremum arrives at the ;jreset value.As a 
result the 0sciLlation frequency of the niag- 
netron 1s stabiliaed nearby the resonant fre- 
quency of the cavity. 

I. I&S&A&U 
fte energy of the electron beam of a LI~VHC 

with a 5:b;kv pulse power source may be increased 
over ;IO;,A~~ ;y power feedback.l!he reflection 
increased by power feedback changes the power 
spectrum of the magnetron for every working 
frequency, then the working frequency fixed oy 
the duplexcavity discriminator will devia.te 
from the mean resonant frequency of the dup- 
lexcavity preset by a mechanical method,so the 
stability and intensity of an electron beam 
with fixed ene rgy are affected by the devia- 
tion.In order to eliminate the influence on 
working frequency caused by the change of the 
power spectrum of the magnetron a single cavi- 
ty with ,=I5000 is selected as the discrimina- 
t0r.A stable electron beam with the maximal 
intensity is 

i 
rovided by an adequate method as 

follows(~ig.1 . 'Yhe power feeds in the accele- 
ration tube thcough a 3-db bridge.l*linimizing 
absorption power on the load and maximizin& 
superposition envelope on the entrance of the 
acceleration tube are realized by the adjust- 
ment of phase shifters fi and b.;\e can change 
the outcput power and oscillation frequency of 
the magnetron to obtain the electron beams 
witn a variety of energy.In order to preserve 
the stability and intensity of the electron 
bearil,it is necessay to perform the frequency- 
r:hase fcllowinz. L 

II. - Yrequency stabilization 
,'he width of main lobe of tne power spectrum 

for a niagnetron which has been modulated by a 
sower pulse with width =I.7 s and repetition 
frequency I^=1/;'=3UCl:,z is t;UOni~z approximately. 
Yhe power spectrum of the cavity with 4=15000 
is fallen into tee main lobe.In crder to avoid 
the unnecessary working frequency due to the 
side lobe of the sower spectrum for tne magne- 
tron,l preset a threshold to suppress this po- 
ssibility.Tne principle of the frequency sta- 
cilisatisn is shohn in r'ig.i.i'he cutput signal 
of tne detector D is input into the adaptive 
gain cantroller(its initial gain is identityj 
through the amplifier and the hero-order hold- 
er.'ihe controlled signal is converted by the 
I;UL into a d-bit data.If t:he data is less than 
a preset threshold ,then t2e chip QO3g sent a 

1. i'he adaptive gain controller[l] 
fi digital linear gain controll&r is shown in 

F'ig.3.lt consists of the resistance networks, 
switching networks,fcllowers and inverter.Yhe 
followers referred tc as impedance transform- 
ers separates the resistance networks apart 
from the switching networks which are control- 
led by the output data of the b039.The signals 
controlled by the switches are added on the 
input of the inverter.>hegain of the control- 
ler is 

K=(l+nIJtiZ)rO(, ,l/ii-'rlj+l/2rj I$ (1) 
where i is the b?her cf the switches and r 

13 
is infinity or r as the correspondent switch 
is turned on or off accordingly. 

2. Accuracy of frequency stabilization 
'ihe cavity can be equivalent to a parallel 

resonant circuit,the impedance of the circuit 
is: ~(sj=(a~;);c(s’+~s+~,~j (2) 
where ti=ti/L is the full width at half maximum 
of the resonant curve of the cavity,i and i: 
are the equivalent inductance and capacitance 
respectively,A is the series resistance of L, 
and hC=I/~\: is the resonant frequency of the 
ca-zi ty+ine inpA current of tne cavity is 

I(Y)=y slnnCtdt=(ftiO-(s sin,~G~t~,Ocos~ti~)* 

e -"Tj/(s'+i,gj (5) 
where ,i o=27ff0 is tne osciilaticn frequency of 
the magnetron Par the sake of convenience on 
computation,it is reasonable that we set a 
limit to time t for the equivalent voltage on 
the cavity.4 ince the output pulse signal on 
the detector D is held,time t can be limited 
to less than or equal to .PrGJTI(z) and (j),the 
voltage on the h(s) iz obtained as follcbs: 

v,(t)=~'(~'[(.r,-(s siniO~+~~Vcos~g~)(s+~j. 
--5Fi A 

e '% je "' /,71jcisc,,~)(s'+~st~~~j ) ds) 

=(u~i~sin,~Ct/ir(j-(,,~-.,~-i~jcos~~ot'((,:t-,~~ 
-t&T 

TLL 'i cOs,,ct-~(3h2-~,~-ti~)sin, t/Z,,cj' c C 

(4) 
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I f +I = 'iv ,we have 
~oc~t)~((l-~-dt~~jsin~~t+d(l+e-~t~2j~0~~~~t/~~~ 

)/CLTh 
the araplit~Jdecof voc(tj is 

v oca(t)'( l-e-Gt~2j/ctik/c (5) 
If ~>O=\~,c+G/lO,then 

slnbt tkcos<vct/5)/26ctivtc 

voa(t)-5(1-e -w~)/J-&~~;~c (6) 

It is obvious that the relative change is 
(v ,,,(t)-~,,(t)>/v,,,(t)-1/51 (7) 

If the maximal stepping rate of the stepping 
motor is 
tion fG/ 

1300stsp/sec,for the frequency devia- 
lO( f0=f20&z), the stepping rate is 

25step/sec(it is in correspondence with 170 
hhA/sec).Then we can say the deviation of the 
oscillation frequency hith respect to the re- 
sonant frequency is less than or equal to 
120r.E~ as the oscillation frequency shifting 
due to the temperature change is not greater 
than 170ktLd/sec.The frequency stability is 
7*10-6 a;proxizately for fO=2b56i.,hz.In order 
to :zuarantee the stability as mentioned above, 
a lrnlitin& device is introduced to limit the 
cuTout of the digital-analog converter in 6.2~' 
which is in correspondence with the maximal 
steFpin; rate 130Cs:ep/sec.?he stepping rate 
L?step/sec iscorresponded to 2OUmU at the out- 
pi;t or' iJii0 . 

3. ihe digital control process 2 
In tne process cf frequency staSiliLation 

ar.d chan.;e.the 8039 is seen as a digital con- 
trcller.;r.equivalent si,nal flow graph of the 
process i;; shown in Pi,,. 4,wnereu(z)is the pulse 
tran -2~ func-ion of 
i;(sj'rs th * 

tiie digital controller, 
e overall transfer function includ- 

in:: tilose of the mplifier,Lero-order holder, 
steppin i.,otor servo and controlled plant,?(;) 
is a ramp,i.e.the reference input which r,as 
cnati~eri the cscLllation freq.uency OS the ,r~a~- 
netrcn,II(tij is a ramp too tihicrl is tLe oscilla- 
tion flTeouehcy shifting of the magnetron due 
to trle Gbient temperature. 

in order to ensure the outoUt Y(s) to follow 
tr.e ir;ut i(s) rapidly and aEcurtiteiy,two re- 
laLivr,s should be satisfied a5 follows: 

e(m)=l.im( I-L -'jjl-i(~)jv(,3j 
A--l 

-iim kT7F.z 
C-1 '* 

-l(l-P(d)j/( h-l)=0 (t; 

and l-,i‘(~);( l-~-l jLk(Lj (9) 
where j(~) is the systell, pulse CransSer func- 
tion,a*"d i.(~j is a polysomial fcr z- without 
1-L .rcr ;_hy sake of sirr,I,licity,we set ::(aj=l 
,so I'(Z)Zii -L-L 
tken iii& 

:ioj 
respondse process is steepest.If we- 

desire Y(A) r,as ::o swing ,around its niean value 
,I;(i:)=.; (~,/k,~i(s)=livi(Li/;(~j should be il GO- 
lyrlc;lial wi;:,'fitiite tems,where the ;jul5a 
xrans:'er function 'i' ;o include The 
nl;rA.erator of ti(i). !' 

(hj has 

w;..?rc ct “ cmd .i are the: 0crieS re5iStlnce I, 9 1j 9 i .I 

winding inducr;ance,damping factor and natur91 
;'requency of the stepking motor, and ~=~~-ti~,(vu~* 

-2qrinKL/Llb,+d~je -.ty/iJI*i- *z i 
nJe 

-L9ivn1+nL((qL-l jC( 

2vvnq-$/J+L)ch( q2- l)%J*(K 

sh(qz-, )ti,lje-iRL%,bL+q~J 1' 

q/'~,+.&,.+h~,' 

n ),~(e)=A,B~(q2-l)'( 

,-H&L hj(l-a-‘e -(q+~q~-l:~):.~nij(l~L-le-(q- 

(qk, )"<, y. 
n ). 

Einally,we can obtain tile satisfied equation 
for the pulse transfer function Z,,(z) as fol- 
lows: 2 
ip)= pr~~-m(l~z-1+iiL-L+-i-3) 

3 
(12) 

,;j= . 
and i&,,(z) should satisfy the relation (13) too 

: 1-~,,.(~)=(l-a-'i~r,(~j ("l7j 

karameters p , ar.d p2 are found .oy solving ~qs. 

i'4~)~~~ 'b'ji ; cj=1 7 
1+ 2 ,X+-T 

I 1 (14) 

dY,<,(zj/dz( ~=,~ x-p1 (L!AT 3t2+4Cj-p2(3a++4bT;uj (15j 

then we obtain p,=-(31i+q-tj+5i:)/(1+2fi:) ar,d 
p~=-(r~+~~+4~j/(ii+iT~)i.ii,rolli r'ig.4,we have the 
pulse trassfer function Li(L) of the digitai 
controller as follows: 

u(Lj=b $ 1= "'i ' -i/c I +njz-") 
r _,- 

(16) 
where L=i.,j(,+ursji%,/fl ,n,=o,nL=-~=(7~~+4u,j;j/p, 
n,=-(i4~+~(:)d-(iriT4LjHj/P,n4=-((3~+5c)~-(;1:+ 
3ii)~~j/i~,n.ii=(~~~+3Tj+4;)l;/~,m,=3TiT4~f~~,i~li=-(3iit 

do+5C)(e -iy/LI,;iZe-qh nTch(qi-? )~'~~n~lj-(rh.~-3~f4d 

,m,=( 3h+4Ll+5i j ( esiqTrLi+ie -(d;il/L,,iqv; I‘ y n )ch( qz- 

1 ) 2 yy > --I L'/L ,l)+jii,733+4C)(e li 2. T L e -%l%h( &1 j ,g) 

m4=-(ifi+3b+4:)(e -iq,',if,,-(;:,,ii/_l,,Tqll i'j i 

I ) ; +sn; ,(3i,+J~~~~~~-~~~~~,~,,,~~‘~,~~~~,m~=~~~~~~~ 

4L:je-(~~.','i'/~i~,'Lqriylli). dorresponcing ~0 cqs. (16)) 
the relation between icput and cutput of the 
0049 is obtained as: 
AL(k)=-n,di (k-ij-nj.;i(~-7j-nq"l(k-~~-~~~~~k-~) 
-~~(IJ~~~, (k-l )+-xI,L, (k-2j+;;i3J, (k-3j t~r~4dl (k-4)+ 
:r>,~,(k-5j) (17) 
If V(Z)=c lu(z)+O,we nave trle steady-state out- 
&u; as fcllow3: 
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y(m)~~~p(l-z-')kn~~(~j/(l+~(~)ti(z)j 

=Lim knlz -'(l-T,.,(z))/(l-~-~ j (ltsj 
z-9' 

from 4q.(13),we know that l-i,,,(z) has a factor 
(I-a-')',whence y(a)=O. IL 

111. i,daPtive ihase Followink 
In order to obtain the 1 e ectron beams with 

different energy,the output power and oscilla- 
tion frequency of the magnetron must be changed 
, and the shifter9, andqZ must be adjusted 
automatically to maxiciiZe the superposition 
envelope on the entrance cf the acceleration 
tube and minimize the output on the detector 
?G of the iaad.Yhe output on the detector El 
ir converted to Di voltage by the z,ero-order 
hclder and is then converted to current through 
the v/I converter to charge a capacitor C.'ihe 
vcltage on C then represents the area of the 
superposition envelope.in the other hand,the 
o>Jtput on D, 

4 
is amPlified by a Log amplifier. 

These signa s are converted oy the AIJLJ to two 
b-bit data which are maximized and minirnieed 
by the chip 0039 respectively.The princiPle 
mentioned above is shown in 2.ig.5. 

Field intensity b4 and b2 at the load and 
the entrance of the acceleration tube respec- 
tively are written as followsC3): 
bq=a,~os(~,/2)/(1-~sin(~~/L)cos(~,+~)) (19) 
b;i=a,(sin(~2/2)-cos(CP,+9jj/(l-Osin(~l+)cos( 

9, +P) ) (20) 
where 0 is the loop transfer coefficient which 
is independent of 'p, and "2 approximately but 
dependent on the beam intensity,a 
field intensity,? is the phase sh fting In the 

1 is the input 

microwave loop for the oscillation frequency 
f, of the magnetron .'l'he relationship between 
aKd f is: 
A~/($,+~)=(l-co/'~,)A'o/'o (21) 

where c o is the light velocity and VW is the 
group velocity.P'ro:n iqs.(lg) and (207 we have 
a ratio as follows: 

bq/b~=cos(~2/~)/(sin(~2/2j-ecos(Q)1+~j) (22) 
As a result of the adaptive phase following, 
the maximal b4/b2 is performed. 

IV. ,Discussion 
Ihe adaptive phase following is an effective 

method to maximiLe tne efficiency of the ~1iiAC. 
i'he efficiency must be guaranteed by the opti- 
mal 'pl and 92. For different oscillation fre- 
quency of the magnetron,the 9~9~ ccrresPonds 
to an extremum rather than a maximum of b4/b2. 
~0 it is necessary to fix a pair of initial 
values ~1~920 from which 9, and y2 are adjust- 
ed each tin,e,and maximum of b4/bZ may be found. 
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