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Abstract _---_-- _. 

This paper describes a series of improvements for 
the frequency control system of superconducting helix 
srcelernting structures. The improvements are such, 
that costs and reliability of the control equipment to 
suppress the mechanically induced eigcnfrequc>ncy vit)r,i- 
tion become i;ompeti tive with those ot Iii~~c~h,lni c,il Iv 1oorc 
st,ible structures likt> tliia split-ring. In tlli i mlnnt’r 
the mdl~i 1 il,li t,ition 01 the prdc tic41 ust’ oi tlic ilcl ih 
arc o’v(~r(*omt~. C~~nscJqui’nt Iv, the mt>ri ts i~i thi‘ liclix, 
i.e. it.i sirlple fabric~tii~n, Cilli hi’ ful 1) t>xpl(ji tt>d ,i11(1 
tl1e liclis l~w~L~Irles <i s~ri~~us c~ndid,ltca for l~~~l~v~z iLln ,ind 
p r u t 0 11 d c i e I 12 r 3 t c) r s . 

1. Introduction - 

The problems concerned with the mechaui cal weak- 
ness of the helix accompany its development since the 
times it WJS proposed for superconducting accelerators. ’ 
The first period (1969-71) was characterized by the 
analysis ot thf mechanical vibrations, especially Itie 
inst‘lbility (caused by the so-called ponderornotive fort ~5. 
This instability had been first observed and analyzed 
wi tli norrld 1 contiuc~ t i ng s true tures 2 . AftiJr the stabi litv 
analysis w,is ~~labornted for the superconducting vast’ 3 1 ‘4 
and the results entered into the design of ;lmplitrltlc ,lnd 
ptiast‘ ~~~i~tr~~15~6 the dcvclopment ot frcquc~~r~~ rcgul,it ion 
systems based on PIN-diodes was started in 1971 7 39, An 
eigc~nfrcqucncy regulation system w,~s nc~cess,lry, bec<iusc 

! _ 

the mechanically induced frequency excursions of the Fig. 1 : I)1 or~k di ,igr,irrl 01 csl (‘( trolli c il,i!~pin,: 
he1 i x exceedfbd the bandwidth substanti,~ll\ . Thi, opcr,ition 
of the rvson,itor on a common master oscillator tr) ,illi~w f eedback 1 oop . Tilt> 1‘0up1 in,: f<qctor ,‘I ji, ii ldcnt ic‘il 

phase synchronous particle acceleration was thus im- with thtt static portdercjmotive frequency shift, a thrac- 

possible. Tilt: properties of this so-called VCX (voltage teristic ni<~,isur,ible quantity, which is clbservcd in al 1 

controlled reactance) system were investigated in de- helix structurr,s. The fd( tclr uf 2 <irises from thcs sr:,111 

tail &-I0 and it worked sufficiently wcall at moderate signal appr~ximatir~n ,intl the i nl,t that. field l(\rces ;ind 

rf iirlds. Later on, however, when the system was prc- amp1 i tudc are quadratically related. Given the nssump- 

pared for de(;ign field operation, heavy ponderomotivc tions menti onrd above, we rlay re’i;ri te the feedback 

instability was again encountered ’ I ’ i 2. Through the use equdtiiln as follows: 

of ,311 elegant t:lel~tronlcal countermeasure, namely the 
feedback of l-he VCX-signal onto the ampli tudc modulatr~r, 

?(,I[ (s,)‘+ l-. -$ + 1 ] = liex $ :fl’ 
” (I;,, I: 

theoretically already investigated 4 in 1971, stability hiI’ = -2hp11 (s) /F, (s) . 

was restored. While in the beginning this measure WdS 
merely a means to achieve stability, it became with in- 

IJlilen IfpI - w*, is (liose:l, WC can st’t’ immediatly, thd‘t 

creasing insight an active method to decrease frequency 
the feedback force cifp clearly is a dJmping force. The 
ei feet ot the ieedbdck damping can .ilso bc interpret?tl 

vibrations by damping 13. This method of employing the 
ponderomutive forces to overcome the mrchanical weakness 

through the reduction of the mcchdni cal Q-valut Cm: 

of the helix is the first improvement to be presented l-- = I 

analvticallv Qfff 
c7,, + 2:#LJp ‘TmlI‘(j”~)/F,(j5;)]. 

The second improvement concerns a suh- 
stantial rehurtion of the size of the VCX (tuner), Evidently, the optimum damping effect at a given fccd- 

back gain occurs for a phase shift of 90’: i[F(jc)/ 
II. Ponderomotive Damping Fa(jR)] = +40°. The most simple case, namely proportio- 

Fig. I shows a small signal block diagram of the 
nal feedback F(s) = const., requires then an amplitude 

electronic damping feedback in connection with the pre- feedback F,(s) = const. /s that is integral behaviour 

sently used rf-control device consisting of an amplitude within the band of the relevant mechanical eigenfrequen- . 
and a phase (or frequency, or VCX) control loop. Exter- cues fi. This was fulfilled with a Pi-controller. The 

nal forces cause a mechanical displacement of the helix resulting damping effect for a 90 MHz helix unit con- 

wires and consequently an eigenfrequency deviation &) taining 5 coupled X/2 helix resonators is shown in 

due to the work done against the field. By means of the 
fig. 2. The lower trace demonstrates that all relevant 

VCX, controlled by the phase difference between helix modes aredampcd by ‘2 factor of ,dt least 5. Tcavcrage 

and master oscillator, this frequency perturbation is 
frequency jitter P[?j y#;as suppressed iron: 2 kliz to below; 

eliminated. For sufficiently high loop gain at the me- 400 Hz. Moreover, the helix became so stable, that even 

chanical mode frequency R, that is /F$(jfi) Ib>n, the VCX 
heavy knocks on the cryostat shell did not cause fre- 

induced frequency deviation approaches the mechanically 
quency excursions above 1.5 kHz, thus staying within 

induced frequency perturbation: &T-&o. The VCX-signal 
the VCX control window (see. fig. 3). Fig. ? proves 

6a~I is fed back via an arbitrary transfer function F(s) that the damping mcchnnism acts also in d nonresonant 

to the generator amplitude 6a 
B 

. Given a high loop gain manner. Consequently, no special isolation measures 

the following equation holds or the resonator amplitude 
for the cryostat are needed at all. The importance of 

Ga=fiag/Fa(s). 6a gives rise to the ponderomotivc Ior.c(as 
the insensitivity of t?le resonators to sevErC disturb- 

superImposing the external forces and thus &sing the 
anres, a funddmental aspect of a practical super- 
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Fig. 2: Frequency deviation spectra of a helix without 
(upper trace) and with electronic damping 
(lower trace). 

I‘; I. 3: I’clldri)id foto of helix frequency excursion after - ._--- 
,evt’rc shock excitation in the presence of ma- 

xirrum eloc.troni c damping. 

rondurting accelerator, seems not to have been adequatly 
recognized in tht> discussion until now. Even mechan- 
ically more stable structures may in the presence of 
severe shock exci tation run out of control and become 
unsynchroni zcd. 

III. Improved Frequency Tuning ~ 

‘111~ PTN-diode tuner developed by G. Hochschild 8 
consists of 12 (or 6) parallel branching coaxial trans- 
mission lines of length >)/4. At the operation frequency 
of 90 MHz the tuner has therefore the considerable 
length of neL~rly 1 m. An obvious solution in attempting 
to short en this length WR? converting the coaxial lines 
into lumped reartances. Spiral inductances proved to be 
very useful having the additional advantage that their 
inductance is continuously variable by a simprl screw 
as a silort circuit between twu wires. Thus, the fre- 
quency c~~ntrol rrindow can be increased by a factor up to 2. 
Fig. 4 shows tilt equivalent circuit of the new tuner. 
The r~s~~ndti~r i< coupled via a c.apnci tive pin to a 
coaxial 1 ine of length Ri to the tuner consisting of n 
branches of spiral coils each in series with a PIN- 
diod(l (drawn n=7) . In order to achieve both capacitive 
and inductive dctuning of the resonator (symmetrical rf 
curri>nt) ~~nothf~r adjustable spiral roil working as a 
parallel resonance circuit is provided. Fig. 5 shows a 
laboratory moJc>i of’ the new tuner operating with 6 PIN- 
diodes. ‘The ohvi ous advantage of this solution for the 
\‘CS i.; ‘~ iir;isti(T reduc,tion in i;ize. This is clearly de- 
monstratcid in fig. h. 

Fig, 4: Equivalent circuit of PIN-diode tuning and -_ ._~- 
power feeding of a helix 

Fig. 5: ~- 

PIN-diode tuner with 
spiral coils (outer 
wall removed) 

Top l:icw j ! t ;lt’ b:.1rli- 
ruhc PrIICOn l,i:~i~ IA 
with two cu,ixi J1 I in<) 
tuners and tiiib neli 
tuntar i:~ppl r lt i t 1 

The easy tuning capability of the spir,lls cdn bt> used 
for the compensation of either individual marhining 
tolerances of the spirals or variations of the coup- 
ling factor to the resonator. 

The lab model wc3s successfully oper,ittd at 90% 
of the design field level vi th the Knrlsruhe litiai. in 
Dec. 1978 and reached a reactive power tuning c,apabi- 
lity of f 5 kSA maximum. It proved to be r>asier tc, 
assemble tllcrn the ctnrlier model, resulting in further 
cost reduction as well a? better mnintanance. 

Its high inherent flexibility was dcmonstratcd 
in Fcbr. 1979, when it was possible to readjust the 
completed tuner within 2 days from 90 MHz to 108 MHz 
in order to run it at CEN/Saclay. There the supercon- 
ducting prototype of a heavy ion po.st accelerator is 
operated for demonstration purposes 15 . In Sdclav tilt 
power comsumption of the two tuner models rzns compared 
directly. At a reactive power in the helix of IO8 !‘A 
(corresponding to a voltage gain of 0. 3 ?I\)), an ex- 
t tz r na 1 4 0 f I 0 5 and a tuning range of I. 3 ktlz both 
rmdcls had the same power dissipat ior of 65 \J (!;iihin 
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the range of measuring error). Through further opti- 
mization it seems possible to reduce the dissipated 
power to 30 W. 

A further improvement was introduced by directly 
feeding the generator power into the tuner. This made 
one of the two power coupling lines used up to now SU- 
perfluous. Because only half the number of cold windows 
are now necessary, the cryogenic losses are decreased 
and the reliability of the accelerator is increased. At 
the couplinh plane of the tuner (see fig. 4) a network, 
which transforms the equivalfrit rcsist.anc-p of ttlc tuIlc>r 
into ZL = 5Oil, must be inserted. 

For the transformer a Collins filter has been 
selected. Cl and C2 in fig. 4 can be adjusted so that 
in first order approximation only L has to be varied. 
The equivalent resistance was measured to vary from 
0.8 kR to 1.25 kS1 depending on the number of switched 
diodes (tuner position). The 3 reactances of the trans- 
former could be adjusted (within a transformation ratio 
of I : 4 to I : 5) so that matching at arbitrary tuner 
position was possible. 

Further improvements concern the trombone phase 
shifter for adjustment of 2, to h/4 + m. x/2 and the 
digital control circuit. The combined effect of the im- 
provements presented above reduces the additional ex- 
pense for the VCX. Taking into consideration the amount 
of control circuitry already needed with mechanically 
more stable or normal conducting structures, the re- 
maining additional expense is small compared to the 
overall low level rf control costs. 

IV. Conclusion 

Lodking back IO years to the beginning of the 
work on phase control of the helix, we can say that the 
method chosen to eliminate the mechanical weakness of 
the helix by electronic means proved to be successful. 
Good results have also been obtained y;-fitroducing 
mechanically more stable structures. However, 

to remedy the mechanical defect of the helix on a purely 
electronic basis has not only a charm of its own, but 
has also been demonstrated to be reliabel and inexpensiv. 
Moreover, through the aid of the once troublesome pon- 

deromotivc forces the formerly sensitive helix becomes 
markedly resistant to mechanical noise. Therefore, 
arguments 19,20 which state that phase control of the 
helix is more difficult than for other structures might 
be misleading. 
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