© 1987 |EEE. Personal use of this material is permitted. However, permission to reprint/republish this material
for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers
or lists, or to reuse any copyrighted component of thiswork in other works must be obtained from the IEEE.
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Abstract: A freguency regulation sys-
tem of D=Box which is designed for a new Hea-
vy-Ion Cvclotron is presented. The construc-
tion, stability and accuracy of the system are
discussed. Experiment of the system has been
done on a probative D-Box under the condition
considered, and the results show that the per-
formance of the system is satisfactory.

Iintroduction

In order to abtain beem current with
high quality, the D-Box cavity of the cyclo-
tron must be tuned to work at the szme fre-
%uency as the driving signzl which is used to

orm the accelerating electric field. Since
the D-Box is very huge in structure and works
within a wide frequency band, the whole fre-
quency regulation system of [-Box 1is designed
to be consisted of two sub-systems, the coarse
tuning system and the fine tuning system, to
meet the requirenment of high accuracy. The
coarse system is & pre-tuning unit, by which
the freguency band is selected and the rela-
tive freguency deviation »f/f is maintained to
be legs than 10°% through regulating the posi-
tion of a capacitance plate. Paced on the pre-
tuning result, the fine system is used to
maintalr. the af/f to be approximately 107 Ly
regulating the angular position ¢f & indac-
tence ring vithin the whole working frequency
band (6.5 ¥z to 14 IHH).

Construction of the Fine Tuning

System
The block diagram of the

fine tuning

system isg shown in fig.?, and its mathematics
in fig.2.
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Tig.2 Mathematics model of the fine
system

Tractically we have k=1, T=10 ms,
T=50C me and analysis shows that the system is
stable. Since the transfer function of the in-
ductance ring varies with frequency, & progra-
mabvle automatic gein control and phase correc-
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tion circuit is connected with the main loop
to asure the system to work stably and sccu-
rately within the whole working frequency
Land.

Experiment

Lrperiment of the system is done on a
probative D-Box:

Exgeriment Condition

1) Tne ¢ value of the cavity is
rather lower.
when f=6.5 MHZ, Q=800
f=10.0 MHZ, =%800
f=14.0C MHZ, Q=5000
2) Under normal atmospheric pressure,
no coolin% water.
2

%, Low power driving.

Experiment Contents

1) The deviation of the electric
phase 4 per step ( 0.2° mechanical angle) of
the inductance ring, wnich determines the re-
solution and the tuning accuracy of the sys-
tem.

2} The maximum deviation of 4e when
the ring is in the maximum angular position (
1%2.5), which determines the maximum regula-
tion range of the system and the exchanging
sensitivity between the coarse system and the
fine system.

3} The relationship between 4eand the
position ¢f the capacitance plate; the minimum
effective accuracy of the plate which should
be less than half of the mazimum tuning range
of the inductance ring in terms of 4¢ .

Lxperiment Results

1) The &~6 relutionships are given
in fig.3, 4 and 5, where

4e: electric nhase angle

® : mechanical angle of the inductance
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Fig.? f=6.5 MHZ, Q=80C

Frorn the curves showa , we can get the
approximate values of the deviation of & per
step (0.2 ) of the inductance ring and the
maximum & when the ring is at its maximum
anguler position (#%2.5°) as shouwn in table 1.

2) The relatiouships bDetween ¢ and
the position of the capacitance plate st diff-
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ferent frequencies are shown in fig.6, 7 and
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Table 1
f(MHZ) ¢ G (B7a2°) Fomax
6.5 80C 0.15° r20°
10 3800 0.45° 150°
14 5000 0.52° £45°
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€, from which we also get approximately
T(MHZ) shifting of the plate(um) &
6.7 10 am 10°
10 10 mm 6°
14 10 um 5°

The coarse systew hug & mechanical error about
dAam stetiatically.
Analysis of Experiment kesulte

and Conclucion

The relationz! i between <. and the
mecher:icar angular position of the inductunce
ring can be calculated e«s follows. According
to the size and position of the ring, when
5=0.2"

®(theoratical value)=tg' (2g~f/f)

=0.22°
where f=6.5 FHZ, Q=800 under working con-
dition.

%e{experimental value)=0.17"

S0, the relative error

‘4’1%=20%
when the ring ic set at +%2.5°,the maximum
deviation of ¢¢ is

&warx{ theoratically)=427°

Seem €Xperimental. y)=+19"
So, the relative errcr

P %=28%
Based on above relative errors, when 4=7"70,
6=0.2", we have
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¢e€t‘neoraticaa1y)= 9°
& (experimentally)=1.5"
and when & =432.,5°

d;maxgtheoratically)=t77°

@max{experimentally)=+71°
$e changes ~.47° (experimentul value) per lam
of the capacitance plate displacement when
G=800 and 4.1° when Q=7000. Since tne accu-
racy of the capacitance plate is 44m, the
accuracy of ¢e then is 4.1°x 8=3%" accordingly.
Because & max=71° when the inductance ring
angular position is 32.5", the minimum effec-
tive accuracy of the capacitance plate is
nalf of the maximum tuning range of the indue
tance ring in terms of 4 , which meets the
design requirenment.

Analysis and experiment results show

that the performance of the system is satis-
factary.
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