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A method for creation of a power supply system for fast-

-cycling electron synchrotrons with separate windings in the

magnet blocks for the alternating and direct currents is work-

ed out. Such a system allows to create synchrotron power sup-

ply circuits using only corresponding industrial units.

Yerevan Physics Institute

Yerevan 1987



Past-cycling electron synchrotrons, which not long ago

were the main machines for investigations of high-energy elec-

tromagnetic interactions uye and may be widely used in future

as booster-injectors of stretcher [1,2] and storage [3]

complexes.

The possibility for achieving comparatively high mean

currents of beams (of order of tens of uA) and the simplicity

for reaching the required energies, make one to consider

100 • 500 MeV electron synchrotrons as perspective sources of

synchrotron radiation, high-energy electrons and gamma-rays

for applied investigations and industrial technology.

A special scheme of an electron synchrotron with super-

position of accelerating cycles can produce up to 10 GeV

external continuous beams at the mean value of current of

40 ̂iA [4] .

However, to utilize the mentioned variants of electron

synchrotron, one must thoroughly optimize its main units and

the accelerator as a whole, for each particular modification.

One of the main and the most important units of a synchro-

tron is the power supply of electromagnets forming the, magne-

tic cycle.

The results of optimization of the power supply of the

electromagnet of the 600 MeV synchrotron's fast-cycling



booster specialized as an injector in the storage complex

ERSINE for generation of synchrotron radiation, are presented

in this paper.

The conventional procedure to form a magnetic cycle in a

synchrotron is the superposition of the alternating and direct-

-current components in the electromagnet's winding [5]» Such

scheme allows to obtain high field increase rates, high stabi-

lity of the magnetic field parameters from one cycle to another

during the operation. At the same time, this scheme is most

economical from the point of view of power consumption, since

the alternating component is excited by means of a special

generator in which the electromagnet's windings connected in

series with a bank of capacitors make an oscillatory circuit

with a high Q-factor. But to align the alternating and direct

currents in the electromagnet's windings one must oouple

parallel to the capacity of the resonance circuit a coil ( a

reactor) of much higher inductance than that of the electro-

magnet, with the aim to part the resonance frequences of the

main circuit connected in series, and of the parasitic paral-

lel-connected one. Usually, to lower the voltage on the capa-

citor bank, the electromagnet blocks and the capacitor bank

are broken up into series-connected groups, the number of

reactors in the scheme being equal to that of tl«a groups. Such

reactors are specially designed and made in small quantities

when high-energy synchrotrons are constructed. But, when con-

structing low-energy synchrotrons the special design and pro-

duction of such reactors are not economically reasonable.

That is why it is necessary to work out schemes where the men-



tioned reactors could be substituted by conventional transform-

ers. However, the direct substitution of a reactor by a trans-

former would require the installed power of the transformer

to be much higher, as it is defined as the product of the

direct-current component and the voltage developed by che

alternating-current component in the group of magnets.

In'fig.1 the diagram of the power supply of a 600 MeV

synchrotron serving as a booster for the storage complex for

generation of synchrotron-radiation beams is presented. The

synchrotron's electromagnet consists of 12 magnets broken down

into four groups. In this scheme the reactors are directly

substituted by two thr"ee-phase conventional transformers for

which the central core windings are the primary ones and the

side-core ones are the secondary windings connected parallel

with the capacitor banks. The electrical parameters of the cir-

cuit described are given in Table 1. The table shows that such

scheme is not optimal, for to have transferred power of i6.2kW

necessary to compensate losses in the resonance circuit the

total installed power of transformers must be 3*4 MW.

Exclusion of the transformer's separating function, which

led to so sharp an increase in the power, is possible if one

installs on the magnet blocks two separate windings for the

alternating and direct-current components, respectively. These

wafer-like windings can be arranged as a "sandwich" and thus

an approximate parity of the alternating and dlrect-curnent

components leakage fluxes is achieved. The separate windings

available will allow to make th» optimisation of the direct»

-current; source easier, since now the main requirement is not

5



V

the equality of the direct current and the alternating current

amplitude, but the equal number of their ampere-turns. Besides,

in this scheme it is easier to minimize the reactive power of

capacitors, as the choice of the number of their groups and,

consequently, the working voltage are independent of the number

of reactors which would increase the cost of the power supply

system. A suppression filter is connected in series with the

direct current source to limit the current induced in the

windings of the direct-current component by the alternating

magnetic flux. The resonance circuit is excited by a 25 kW

transformer. The power supply diagram of the mentioned 600 MeV

booster synchrotron is shown in fig.2 с Its electrical para-

meters and the values of active voltages and currents are

presented in Table 2. As a direct current source the ИСТР -

-2500/48 stabilized rectifier has been used. To improve the

current utilization factor, the number of turns in the direct-

-current component windings is halved and, correspondingly,

the current is chosen to be. 2150 A. As a suppression filter

а ФР0С-125О type conventional reactor of 0.32 mH inductance

may be chosen. The choice of а ФРОС type reactor and КС type

capacitors is dictated by the possibility for them to be in-

stalled indoors.

As it is seen from Table 2, the reactive power of the

suppression filter capacitor bank of capacity 8-10^juF, when

using four in series connected reactors at 50 Hz, makes 25-10^

kVAR which is by an order of magnitude higher than that of

the reaonsnce circuit's capacitor bank. The high cost of the

capacitor bank makes the proposed scheme uneconomical despite



the advantages mentioned above.

Most economical is the power supply circuit with compen-

sation of the alternating voltage induced on the direct-current

windings in blocks with separated windings. In fig.3 a power

supply circuit with compensation of induced voltages is shown.

Here in series with the alternating-current windings there

are included ironless concrete ЛЭЗ 090001 reactor type induc-

tance coils with inductance 3 mH . The same reactor is in

series connected with the direct-current windings so, that the

voltage drop on its leads were in antiphase with the voltage

induced on the direct-current windings. The number of reactors

required is determined by the ratio of the total voltage in-

duced on the direct-current windings to that built up by the

alternating component on one reactor. The exact equality of

the voltage on the reactor and the total one induced on the

corresponding blocks is realized by the displacement of the

contact on the reactor's winding, which is possible owing to

its open construction. It should be noted that such tuning

is possible at low powers which makes it foolproof.

There must be phase difference Д ф between the voltage

on the reactor and that on the group of blocks owing to the

fact that the leakage inductance of blocks and the resistance

of windings are other than zero. But, this value is a small

one and as the estimates show A*f < 1 for the synchrotron

under consideration. The oscillatory circuit is excited by a

transformer the power of which is determined by the losses

in the circuit. Рог the circuit shown in fig.3 with the para-

M t t n gir»n in Table 3, that power is 30 kW . The ««citation



circuit powering the transformer is realized according to the

3tandard scheme of a full-wave inverter [6] .

In conclusion it must be emphasized that the power

supply circuit elaborated for the electromagnet of a fast-cyc-

ling electron accelerator with conventional units, is possible

to realize only when separate windings for alternating and

direct currents are installed on the blocks. The main disadvan-

tage of the circuit proposed is that it consumes twice as much

power as the conventional circuit with combined windings.

However, for small synchrotrons with low power consumption

this disadvantage can be compensated for the fact that the

power supply can be made up by conventional units.

The authors are sincerely grateful to S.A. Grigorian for

the help in calculations.
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Table 1

Electrical Parameters of the Booster Synchrotron»s

Power Supply with a Combined Circuit

Parameter

Efficient alternating current of the

magnet

Direct current of the magnet

Alternating voltage on the magnet

(the efficient value)

Number of boosters magnets

Number of magnets in a group

Inductance of one magnet

Capacity of the capacitor bank

of one group

Resistance of the winding of a magnet

Total power of transformers

Iron losses at 50 Hz

Active losses in the oscillatory

circuit

Numerical value
and the unit of
measurement

762 A

1075 A

331 V

12

3

1 38-Ю"
3
 Н

2450-1СГ6 P

1 165-I0"3ohms

5232 kW

670 W

16.2 kW



Table 2

Electrical Parameters Of The Booster Synchrotron's

Power Supply With Separated Circuits

Parameter Numerical value

and the unit of

measurement

Efficient alternating current of

the magnet

Direct current of the magnet

Alternating voltage on one magnet

(the efficient value)

Number of booster's magnets

Number of magnets in a group

Inductance of one magnet

Capacity of the capacitor bank

of one group

Reactive power of the capacitor bank

of a group

Impedance of the suppression filter (SP)

Capacity of the SP

Inductance of the SP

Reactive power of-the capacitor bank of the SP

Voltage applied to the SP (the efficient value)

Resistance of the magnet's alternating-

-current winding

Reaxstence of the magnet's direct-

-current winding

Active losses in the oscillating circuit

762 A

2150 A

331 V

12

3

1 38-10"
3

2450-10"
6

848 kVAR

126 3 ohms

7923-10~
6

1.28-10'
3

24685 kVAR

2503 V

H

P

P

H

2, 33-10~
3
ohms

1 166-1О"
3

24.3 kW

ohms



Table 3

Electrical Parameters of the Booster Synchrotron's

Power Supply with Separated Circuits and Compensating

Reactors

Parameter

Efficient alternating current of the magnet

Direct current of the magnet

Alternating voltage on one magnet

(the efficient value)

Numerical value
and the unit of
measurement

762 A

2150 A

331 A

12

3

Number of booster's magnets

Number of magnets in a group

Inductance of one magnet

Capacity of the capacitor bank of one group

Reactive power of the capacitor bank of a group 4673 kVAR

1.38-10"
3
 H

1500-10~
6
 P

Resistance of the magnet's alternating-current

winding

Resistance of the magnet's direct-current

winding

Voltage induced on the direct-current

winding (the efficient value)

The direct current source voltage

Active losses in the oscillatory circuit

2.33-1 Отоптав

1.i66-10"
3
ohms

209 V

47.3 V

28.65 KW

11



емд вМ8

ОМ 12 UM/f &ИЮ

Pig. 2

.12



to
•н

13



Figure Captions

Fig.1 Basic circuit diagram of synchrotron's power supply with

combined windings.

BM - bending magnet

T - feeding transformers

С - capacitor bank

ES - the oscillatory circuit excitation system

DCS - direct current source

L
f
, C

f
 - SP components

Pig.2 Basic circuit diagram of synchrotron's power supply with

separated windings.

Pig.3 Basic circuit diagram of synchrotron's power supply with

compensating reactors.

CR - compensating reactor.
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