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abstract

4 method of adaptive control for the optimal
phase follcwing under frequency stabilization
is discussed in this paper.It is will known
that a power feedvack LIMsC with the optimal
coupling has a high utilizing coefficient of
power,In order to realize this advantage,we
can adjust the phase shifter and the variable
coupler in the power feedback loop to minimize
the output signal which arises on the detector
of the load and meximize the envelop on the
entrance of the acceleration tube for differ-
ent beam load, the optimal efficiency of tae
LINAC is then preserved.In this system a single
chip 803%9 is introduced.lor every working fre-
quency of tre pulse magnetron,the 8039 controls
the adaptive process which provides both opti-
mal phase of the loop phase shifter and opti-
mal coupling factor of the variable coupler,.
The frequency stability of an excellent fre-
guency stabilization system must be constant
approximately for different working freguencies
and output power of the pulse magnetron.ltor
this purpose,an adaptive gain controller to
preserve the maximal output of the freguency
discriminator near constant is introduced.

I. i

The energy of the electron beam of a LINaC
with a Skw pulse power source may be increased
over 20;usV vy power feedback,.lhe reflection
increased by power feedback changes the power
spectrum of the magnetron for every working
frequency,then the working freguency fixed by
the duplexcavity discriminator will deviate
from the mean resonant freguency of the dup-
lexcavity preset by a mechanical method,so the
stability and intensity of an electron bean
with fixed energy are affected by the devia-
tion.In order to eliminate the influence on
working freguency caused by the change of the
power spectrum of the magnetron a single cavi-
ty with =15000 is selected as the discrimina-
tor.4 stable electron beawm with the maximal
intensity is provided by an adequate method as
follows(Fig.1),he power feeds in the accele-
ration tube through a 3-db bridge.dhinimizing
absorption power on the lcad and maximizing
superposition envelope on the entrance of the
acceleration tube are realiszed by the adjust-
ment of phase shifters a and b.we ecan change
the output power and oscillation frequency of
the magnetron to obtain the electron beams
with & variety of energy.In order to preserve
the stability and intensity of the electron
beam,it is necessay to perform the frequency-

phase fcllowing.
1I. Freguency oStabilization
The width of main lobe of the power specirum

for & magnetron which has been modulated by a
vower pulse with width =1.7 s and repetition
frequency £=1/1=300tz is ©00hhz approximately.
‘‘he power spectrum of the cavity with 4=15000
is fallen into the main lobe.In crder to avoid
the unnecessary working freguency due to the
side lobe of the power spectrum for the magne-
tron,l preset a threshold to suppress this po-
zsibility.The principle of tne frequency sta-
cilization is shown Zn Fig,<.7he cutput signal
of tne detector D is input into the adaptive
gain ceontroller(its initial gain is identity)
through the amplifier and the zero-order hold-
er.the controlled signal is converted by the
LiDC into a s-pit data.If the data is less than
a preset tareshold ,then the chip ©039 sent a
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data rr to the data bus of a Lal,the output of
the DAC which controls 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
8039,the stepping rate then is proportional to
the difference between the oscillation fre-
quency c¢f tne magnetron and the resonant fre-
quency of the cavity.lhe extremum found by the
&0%9 is dependent on the output power of the
magnetron,sc the accuracy of the frequency sta-
bilization is not a constant,since an adaptive
gain controller controlled by the 8C39 is in-
troduced,the extremum then equals a preset
value approximately.The controller gain chan-
ges from the initial value step by step until
the extremun arrives at the preset value.is a
result the osciilation freguency of the mag-
netron is stabilized nearby the resonant fre-
quency of the cavity.

. The adaptive gain contrcller{l)

s digital linear gain controllér 1s shown in
Fig.3.1t consists of the resistance networks,
switching networks,fcllowers and inverter.tlhe
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 &039.The signals
controlled by the switches are added on the
input of the inverter.thegain of the control-
ler is

) o ﬁ -1
K=(1+K, fR.)T 172" ', +1/er)
( ﬂ1/ a) O(. / lg* /er)

s

(1)
where i is the 3P8er cf the switches and rlj
ig infinity or r as the corresgondent switch
is turned on or off accordingly.

Zz. iccuracy of freguency stabilizaticn
The cavity can be eguivalent to a parallel
resonant circuit,the impedance of the circuit

iss -
(<)
where G=R/L is the full width at half maximun
of the resonant curve of the cavity,i and U
are the equivalent inductance and capacitance
respectively,R is the series resistance of L,
and wc=?/hu is the resonant frequency cof the

4(s)=(s+;)/'c(s’ﬁ+us+w'g)

cavity.ihe input current of thne cavity is
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the magnetron For the sake of convenience on
computation,it is reascnable that we set a
limiv to time t for the eguivalent voltage on
the cavity.oince the output pulse signal on
the detector U is held,time t can pe ldimited
t0 less than or egual to .From{<) and (3),tne
voltage on the 4(s) is obtained as follows:

L OFaw
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If wozwc,we haYe , L
C(t):((1—e‘ut/4)sinwct+a(1+e‘vt/‘)ooswct/wc
)/cbwc
the amplitude of v (t) is
oca(t =(1-¢e UT'/‘d\/c:uw (5
If no;w *3/10,then
-Gt/2

Vo{t)z 25(1-¢e" )(sinwcticoswct/S)/26cGwc
the amplitude of Vo(t) is

v a(t)=5(1-e—ut/2)[jzchwc

It is obvious vhat the relative change 1is
()= v (8D /vy (£)=1/51 (7)

1f the maximal stepping rate of the stepping
motor is 13005tep/sec for the frequency devia-
tion *4/10( b LOAhZ), the stepping rate is

255tep/sec(it is in correspondence with 170
khs/sec).Then we can say the deviation of the
oscillation frequency with respect to the re-~
sonant frequency 1is less than or equal to
+20KFE2 as the oscillation frequency shifting
due to the temperature change is not greater
than 17CkEs/sec.The frequency stability is

7'10_6 approximately for f,=2656Lhz.In order

to guarantes the stability as mentioned above,
a l miting device is introduced to limit the
cuvput of the digital-analog converter in 6.2V
which is in correspondence with the maximal
gtepping rate 130Cstep/sec,Phe stepping rate
s5step/sec iscorresponded to 200mv at the out-
put of DAC,

3, 1lThe digital control process{<}

In the process cof frequency stavilication
ard change,the 8039 is seen as a digital con-
trcller,.in e qulvéLent signal flow graph of the
process is shown in rlb.4 wnerel(z)}is the pulse
transfer funciion of tne QLélual controller,
G(s) ig the overall transfer functicn includ-
ing those of the amplifier,sero-crder holder,
ategplnb motor serve and cont“O;lea plant,v(s)
is & ramp,i.e.the rzference input whicnh ras
changed the csclllation freguency of the wag-
netron,l{s) is a ramp Too whicn is the oscilla-
tion freguency shifiing of the magnetron due
to tne ambient temperature.

In order tc ensure the output ¥(s) to follow
the irput .(s) repidly and accurately,two re-
lations snould be satisfied as follows:

(6)

ey =rin(1-2"")(1=2(2) )V (2)
Al
=Lim k Tz (1~I(4))/(1—A—1):O (o)
Z]
and  1-0(2)=(1-2"")%u(2) (9)
where T(z ) is the system pulse transfer func-
tion,and ( )} 1gs a polyznomial focr z~' without
l-2” ",¥or the sgke of simplicity,we set 2(z)=1
,80 {z)=25 ~a (10)

then the respondse process is steepest.lf we

desire Y(z) has no len; around its mean value
Ulu)=2 (2)/k, J(é)—LM(A)/ +(z) should be & go-

l)ﬂunldi wisn'finite teras,where the pulse

transter function ¥ (2) has zTo include the
numerator of u(a).
slay=(P s(s)as/(1- ") en;
~k¢)n AU\\—A )du/(i—“ e Jljb(o?h /u A
(OJ+L4“norn i emy=(ns wnz i’ )/u(L/
(s
WRErEe X 5L 55 and W oare the series resistance
L F
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,winding inductance,damping factor and natural
frequency of the stepping motor,and A=A1AO(Wn‘

-, L/u
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—(u+(q “o)E) nty (-t (e
(q —w)éwnm).

Finally,we can obtain the satisfied eguaticn

for the pulse transfer function Tp(z) as fol-
lows:
2 (2)= pﬂa—m(uz-1+bz—‘+UZ_3) (12)

=

and oy (z) should satlbfy the relation (13) too
1\A(A) (1-27 ) h(é) (13)
arameters p, arnd p, are found by solving ngs.
14) and (19):
LA10=(p,+p ) (ar3+C)=1 (14)
(Z)/dzl == (2a3B+4C)-p, (3&+4b¢bv} (19)
tqen we cbtain D, ——(3u+4bf5v)/( +30)
p)~—(£n+35+4b)/(n+ﬁfw)

pulse transfer function D(z) of the digital
controller as follows:

u(4)~U:§§m 2 /(1f:§%paz_:) (16)
1=

where Usi/(a+b+0)" iH/P n, =0,n «-n(?1T4pfbv)/P,
3-—(\4D+bv)n (dd74b)h)/9 n4_-((5n$,b)u-(ah
55)5)/f n—:(ﬁn+53+4u)0/f,m1=3nv4bf5u,m£=—(5mf
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.rfrom rig.4,we have the

4+5C) (e

,m3=(3AT4B+50)(8 cn(q -

?)Lwn1)+(¢A+3:*4u)(e
m4=—(zn+3b+4J)(e'éq“nITZQ"(RLT/;mTq”nf)ch(qi-

W - i 20
14n'i')—(311+4b+5‘u‘)e (LiLl/LA'lrdi”]’li

49)e_(“;*/LmT‘an‘).dorresponding to ngs.(16),
the relation between irput and cutput of the
»0%9 is obtained as:
- Join o (K2 et (%= )mm & (Ked)mn o (ked)
o (k) n, ¢(k 2) nB.Z(x 3) ny 4§k 4)-ng2 (K-5)
(k-5)¢m4p1(k—4)+
mjg1(k~5)) (177
If v(z)=C w(z)%0,we nave The steady-state out-
vut as follows:

,m5=(4n755f

+U(m]g1(k—1)+mZJ1(k—z)+m3u]
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y ) =Lin(1-27 ki )/ (1eb(2)6(2))
im K 'I‘z-1(1—’l‘._.‘(z))/(1-z-‘])
&-—ﬁ

from ©q.(1%),we know that -1 (z/ ras a factor

(1- I) ,whence y(e)=0.
lll adaptive Fhase following
In order to obtain the electiron beams with
different energy,the output power and oscilla=-
tion frequency of the magnetron nust be changed
, and the shiftezﬂ?1 and P, must be adjusted

automatically to maximize the superposition
envelope on the entrance cf the acceleration
tube and minimize the output on tne detector
b, of the lcad.The output on the detector U
i§ converted toc DC voltage by the zero-order
hclder and is then converted to current through
the v/I converter to charge a capacitor C.The
vcltage on C then represents the area of the
superposition envelope.ln the other hand,the
cutput on D, is amplified by a Log amplifier.
These signals are converted by the ADC to two
o-bit data which are maximized and minimized
by the chip 8039 respectlvely The principle
mentioned above is shown in #Fig.b.

Field intensity b4 and b at the load and

the entrance of the acceleration tube respec-
tively are written as follows(3):

(18)

by=ajcos(p,/2)/(1-651n(P,/2)cos(® +))  (19)
L=a (sin(@Z/Z)—cos(¢ +¢))/(1-Gsin(¢1ﬂp)cos(
P +9P)) (20)

where & is the loop transfer coefficient which
is independent of ¢1 and ¢d approximately but

dependent on the beam intensity,a, is the input
field intensity,p is the phase shifting in the
microwave loop for the oscillation frequency

g of the maénevron “he relationship between
and

A?/(& £®)=(1-cy IEVES (21)
where cy is the llght velocity and V_ is the

group velocity.From xgs.(19) and (ZO? we have
a ratio as follows:

b, /b ,=cos(P,/2)/(sin(@,/2)-Bcos (P, +P))  (22)

A5 a result of the adaptive phase following,
the maximal 04/b( is performed.

IV, Discussion
The adaptive phase following is an effective
metnod to maximize the efficiency of the LINAC.
The efficiency must be guaranteed by the opti-
mal qﬁ and ¢E.For different oscillation fre-
quency of the magnetron,the ¢T_qé ccrresponds
tc an extremum rather than a maximum of b4/b2.

50 1t is necessary to fix a pair of initial
values qﬁo 50 from which ?, and P, are ad just-

ed each time,and maximum of b4/bZ may be found.
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