
Frequency-Domain Analysis of Resonant-Type 
Ring Magnet Power Supplies 

J. M. S. Kim 
Dept. of Elec. and Comp. Engg. 

University of Victoria 
Victoria, B.C. CANADA 

Abstract 

For fast,-cycling synchrotrons, resonant-type ring magnet 
power supplies are commonly used to provide a dc-biased 
ac excitation for the ring magnets. Up to the present, this 
power supply system has been analyzed using simplified 
analytical approximation, namely assuming the resonant 
frequency of the ring magnet network is fixed and equal to 
the accelerator frequency. This paper presents a frequency- 
domain analysis t,echnique for a more accurate analysis of 
resonant-type ring magnet power supplies. This approach 
identifies that, with the variation of the resonant frequency, 
the operating conditions of the power supply change quite 
dramatically because of the high Q value of the resonant 
network. The analytical results are verified, using both ex- 
periment.al results and simulation results. 

I. INTRODUCTION 

For fast-cycling synchrotrons such as TRIUMF KAON 
Factory Booster Ring, resonant-type magnet power sup- 
plies are commonly used. The operating conditions of this 
power supply configuration have been analyzed by Fox[l], 
with simplifying assumptions. Assuming the resonant. fre- 
quency of the ring magnet network is fixed and equal to 
the accelerator frequency, all the voltage and current wave- 
forms can be described by a set of ideal analytical expres- 
sions. To the best of our knowledge, these operating con- 
ditions have never been related to the parameters of the 
resonant network and their variation, including the varia- 
tion of the resonant frequency. 
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Figure 1: Resonant-Type Magnet Power Supply 
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On the other hand, Reiniger[2] I ~a.~ reported his experi- 
ment.al findings on the effects of resonant frequency drift on 
the operating conditions of the ring magnet. power supply. 
With the varia.tion of the resonant frequency, the operating 
conditions of the power supply change quite dramatically 
because of the high Q value of t,he resonant network. 

This paper presents the frequency-domain analysis of 
resonant-t,ype ring magnet power supplies, using frequency 
spect.rum of energy make-up currents and ac t.ra.nsfer char- 
acteristics of the resonant, network. With this approach, ef- 
fects of resonant, frequency va.riation can be identified and 
a more accurate analysis of the magnet power supply is 
possible. Reiniger’s experimental results are confirmed us- 
ing analytical results and simulation results. 

II. MODFLLING OF RESONANT-TWX MAGNET 

POWER SUPPLY 

The resonant-type magnet power supply is illustrated 
in Fig. 1. The resonant network provides a sinusoidally- 
varying magnet current, while the energy make-up network 
maintains a constant ac excitation of the ring magnets by 
injecting make-up energy int,o t,he resonant network via a 
pulse-forming network. 

The fundament,al frequency of the pulse currents, w,, is 
determined by the repetiton rate of the SCR firing and is 
set by the acceleration frequency. This frequency is also 
the fundamental frequency of the magnet current, but is 
not necessarily same as the resona.nt frequency, w,, of the 
resonant net!work. 

The waveshape and the ringing frequency of the pulse 
currents are determined by circuit parameters of the pulse- 
forming network, including the filt.er capacitor, Cf, and 
the pulse inductor, L,. Since the pulse currents a.re formed 
using the resonance of these circuit parameters and the 
SCR is natura.lly commuta.ted, 6he pulse waveform is well 
defined and its frequency component,s can be identified. 

Thus, the pulse-forming network can be modelled by a 
dependent. current source between the input filter and the 
resonant net.work. The waveform a.nd frequency spectrum 
of the source current are determined by design parameters 
of the pulse-forming network, and its magnitude depends 
on t,he desired level of magnet, current. 

At steady state, operating condit,ions of the power sup- 
ply are determined by ac transfer characteristics of the 
resonant net,work. The resonant network amplifies the fun- 
damenta.1 component of input pulse currents and attenu- 
ates harmonic components t,o produce a sinusoidal magnet 
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Figure 2: Bode Plot of Current Gain, irrl/il, 

current. This ac transfer characterist,ics is a typical secoud- 
order response with high Q factor. 

Fig. 2 shows the Bode plot of t#he curreut, transfer, i,,/i,, 
where i,,, is the magnet current. and the i, is the pulse 
current. As an example, circuit paramet,ers of t.he dipole 
magnet power supply for the KAHN Fact,ory Booster Syn- 

chrotron is used in the analysis and simulations. The pa- 
rameters are specified in the Accelerator Design Report,[3]. 

As illustrated in Fig. 2, if t,he rt‘sonant frequency varies 
due t*o secondary effcct,s such as temperature, the gain and 
phase shift, change quite dramat,ically due to the high Q 
factor of the resonant network, and the magnitudes and 
phase angle of the pulse currents must, chauge significaut,ly 
in order t,o maintain a constant. ac excitation of the ring 
magnets. 

III. FREQUENCY-DOMAIN ANALYSIS 

To analyse a resona.nt-t,ype riug magnet, power supply iii 
frequency domain, the following st,eps are used: 

1. For a given design of t,he pulse,-forming uctwork, thr: 
pulse ringing frequency, wy , and thr frequency spec- 
trum of pulse currents are det,crmincd. 

2. Then, t,he fundamental conlponent, of the pulsr currentz 
is adjusted to generat,e a desired level of t,hc magnet 
current,, using the ac transfer charact8eristics of the, 
resonant, n&vork with a. give11 resonant frequc,ncy. 

3. 

4. 

The required fundamental component and the fre- 
quency spect.rum of pulse currents determine t,he peak 
pulse current, a.s well as it.s dc component. 

To see the effect of rcsouant, frequency variat,ion, re- 
pea.t the previous t.wo steps for a set, of resonant fre- 
quencies. 

The peak pulse current) variation is shown in Fig. 3(a) as 
a function of resonant frc,quency. As t,he resonant frequency 
drift#s away from t.he accelerator frequency, the current gain 
decreases and increased pulse currcnt8s are required for a 
constant ac excitation of ring magnets. Due to the high 
value of Q factor, however, t,he change in the current gain 
can be quite dramatic as shown and a.s predicted in the ac 
tra.nsfer chracteristics of Fig. 2. 

The volta.ge requirement, of t#he energy make-up network 
can be obta.ined by considering that, during the pulse pe- 
riod, the average volt,a.ge of the filt#er capacitor, must be 
equal to the average voltage of the resonant capacitor volt- 
age, assuming uo losses in t,hcA pulse forming network. 
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However, the Bode plot of Fig. 2 indica.tes that t,he po- 
sition of the pulse period in relation to the magnet current 
shift,s as the resonant frequency changes. As w, approaches 

W,, the phase shift, get closer to 90’ and the pulse current 
coincides with the zero crossing of the magnet current and 
the peak of the magnet voltage. The average input volt- 
age to the pulse-forming network during the pulse period is 
also shown in Fig. 3(b) as a function of resonant frequency. 
The variation in the phase shift is shown in Fig. 3(b). 

The results of frequency-domain analysis illustrated in 
Fig. 3 identify that the current and voltage requirement,s 
of the pulse-forming network cha.nge significantly wit,11 the 
variation of the resonant frequency. Nonetheless, the vari- 
ation in current and voltage requirements does not. mean 
the variation in the make-up energy to be pumped int,o t.hr 
resonant network. 

As long as the ac excitation of ring magnet,s is kept 
at a constant magnitude, the ac loss in the resonant net,- 
work remains nearly constant and so does the energy to he 
pumped into the network via the pulse-forming network. 
With the variation of resonant, frequrncy, the average input, 
voltage and current change in such a way that, the input. 
power to the resonant network remains constant,. This re- 
sult has been verified by the SPICE simulat,ion of t.he power 
supply system[4]. 

IV. EXPERIMEKTAL RESULTS 

The experimental results for t.he effects of resonant fre- 
quency varia.tion have been reported in [a], using t,he dipole 
test, set-up for KAON Factory Booster Ring. The analyt.- 
ical results presented in this paper confirms the experi- 
mental findings, as shown in Fig. 4. Fig. 4(a) illust,rates 
the resonant-network gain predicted by t,he ana.lysis agrees 
with t,he experimental result,s. 

In Fig. 4(b), the make-up power to the resonant nct.work 
is estimated using the frequency-domain analysis and com- 
pared to the experimental results. Some discrepancy can 
be identified at the high magnet current,. This is due to the 
loss in the energy make-up unit of the experiment,al set.-up. 
In the analysis, the ideal energy make-up is assulned and 

no power loss is accounted for. 

V. CONCLUSIONS 

The frequency-domain analysis of resonant-type ring 
magnet power supplies is introduced in this pa.per. It is 
shown that the analysis based on frequency spectrum of 
pulse current,s and ac transfer cha,ract#erist,ics of the res- 
onant, net,work provides more informations t,han t#hc ap- 
proximat,ed analytical solutions. The analysis can not, only 
determine the operating conditions for different design pa- 
rameters of the pulse-forming network, but it can also re- 
late them to paramet,ers and condit,ions of the resona.nt. 
network. The analysis identifies significant effects of res- 
onant frequency variation on the current and voltage re- 
quirements of the pulse-forming network, which have not 
been possible with the approximated analyticad solutions. 
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The degree of rt>sonant, frc,quency drift will be minimized by 
swit,ching trimnling capacitors, but, t,he frequency-domain 
analysis can be used to quant,ify the maximum drift of res- 
onant, frequency that can be allowed 
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