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WYXHAREDOEE

For excitation of synchrotrons, two different ways have been realized to meet
magnetic-field cycles, one is the DC ramping, the other is the resonant excitation, also
known as the White Circuit. The White Circuit , which is commonly employed in fast
cycling synchrotrons, is designed for a distributed resonant configuration to meet two
important requirements: (1) the need to avoid drawing a large reactive power from the
magnet AC excitation source and (2) a uniform field intensity in all magnets. In the
resonant magnet circuit only the losses of the circuit system need to be compensated so
that the magnet reactive-power loading can be reduced drastically from the AC
excitation source. There is a great variety of power sources for supplying the
compensation power to the resonant network, among which the pulsed method has been
the main pattern of the AC power sources because of its advantage in the operational
flexibility and reliable performance.

A review for the existing AC power sources shows that in the past major efforts in
developing various types of AC power source were on the fulfillment of the following
three needs, namely: (i) free of higher harmonics , (ii) low reaction to the supply
network and (iii) simplicity of the circuit. It is also noted that source voltage
variations, particularly the source harmonics, have influences on the resonant output,
but this effect was not studied in the past.

Generally, the resonant magnet current is not easily affected by the source voltage
disturbances owing to a large stored energy in the resonant network, but it is never
immune from the disturbances. In a 50 Hz rapid cycling power supply, a modulation
was observed in the resonant AC current of the synchrotron magnet. The undesirable
modulation was found to be caused by the subharmonics of the source voltage provided
by a 12-pulse SCR rectifier.

To investigate the modulation behavior of the resonant current, an analytical
approach is introduced to calculate the system response to the subharmonics of the
source voltage in both time and frequency domains. The calculation indicates that when

there is a mismatch between the power line frequency( f;) and the resonant frequency

of the magnet circuit( f), a modulation with frequency iAf occurs, where i is the




corresponding subharmonic order and Af = | fs— fol . Analysis in the frequency domain

tells that the modulation appears as sidebands around the resonant output fundamental
and its harmonics. It is concluded that a subharmonic of an order i produces spectrum

in the resonant output as follows.

Sidebands of &f; with frequencies of hf; £iAf, and
the component with lower frequency at iAf,

where h is the order of the harmonics in the resonant output.

These calculations are well examined by experiment.

Further calculation shows that the modulation cannot be reduced either by raising
the quality factor(Q) of the resonant network or by diminishing the mismatch frequency
(Af). This suggests that the basic way to suppress the modulation is only to attenuate
the source voltage subharmonics, especially those of lower orders such as 50, 100 and
150 Hz components.

The analysis is performed based on Liou's approach on the switched linear network.
The approach introduced can be used to compute the response to the source voltage
input containing harmonics while any other existing method just deals with the
harmonic-free one.

A feedback control system , including a source voltage loop, a filter voltage loop
and an AC field loop, is implemented for achieving a highly-stable resonant current
and magnetic field. In the source voltage loop, which is designed to reject the
perturbations from the AC supply voltage, an improved regulator is proposed to
reduce the influence of the subharmonics. Upon the conventional type regulator, a
passband amplifier is introduced so that the rectifier subharmonics of 50, 150 and
100 Hz, which are the main causes of the modulation in the resonant output, can be

reduced intentionally. Experiment leads to a highly-stable resonant current with a

stability of +1.56x107%.
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