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The power module designed for the calibration and adjustment of the units and components of microsecond ac-
celerator of relativistic electron beams (REB) “Temp-B” has been developed and manufactured. The noise immune
gauge of high charging voltages of the terminal capacitors used by four-channel pulse voltage generator (PVG) and
the discharger operating in the broad band of charging voltages have been manufactured. The methods developed
using the module and the manufactured noise immune gauge of high charging voltages were applied to the accelera-

tor “Temp-B”.
PACS: 29.20.-c; PACS: 29.90. +r

INTRODUCTION

The diagnostic module was manufactured to adjust
updated and new manufactured elements of the “Temp-
B” accelerator. It allows for simulation of the processes
that occur in the accelerator of relativistic electron
beams and it is equipped with all the required control
devices and elements.

The available method of charging the high voltage
capacitors of pulse voltage generators with the control
of input charging voltage fails to provide reliable infor-
mation on the charge of pulse voltage generator due to
voltage losses and leakages in accelerator elements. The
operation of the “TEMP-B” accelerator showed the
need for the control of the charging voltage of the ca-
pacitors of pulse voltage generators. The voltage control
at the terminal capacitors of four — channel pulse volt-
age generator allows for the control of the charging pro-
cess and the generation of identical charging voltages in
each channel of PVG.

DESCRIPTION

The power module was manufactured to develop the
methods of diagnostic measurements. It consists of in-
put high voltage transformer URS-70, laboratory trans-
former PHO 250-5, high-voltage voltage multiplier,
thyratron discharger start-up block and the discharger.
The thyratron trigger circuit shapes the short pulse of
15 kV and that results in the actuation of the discharger
of capacitor bank. The structural design of the dis-
charger allows it to operate steadily in the range of
charging voltages of 5 to 90 kV. The gap between the
electrodes is 8 mm and the gap between the main elec-
trode and the control electrode is 2 mm. The control
electrode is made of stainless steel of 1.5 mm thick in
the form of a disk with the aperture in the central region.
Fig. 1. gives the external view of the discharger. A de-
crease in the gap between the electrodes allows us to
reduce the discharger inductance and the current
buildup front. Maximum parameters of the module are
as follows: charging voltage is up to 90 kV, the dis-
charge current is up to 50 kA, and the current buildup
front is — 600 ns.
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Fig. 2 gives the block-diagram of the diagnostic
module. The experimental investigations of the parame-
ters of high-energy slowing down X-radiation carried
out using the “Temp-B” accelerator as a simulation de-
vice of the reactor zone require to control high charging
dc voltage of the capacitors of pulse voltage generators.
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Fig. 2. A block diagram of the diagnostic model

Such modes of operation of the “Temp-B” accelera-
tor require generating high-current beams with the cur-
rent of tens of kA and the particle energy of ~ MeV [1].
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Such parameters are achieved using the four-channel
pulse voltage generator. Each channel contains 19 high-
voltage capacitors, charging resistances and appropriate
dischargers. Charging resistances were made of the sec-
tions of vinyl tubes filled with the NaCl water solution.
The external view of pulse voltage generator is given in

Fig. 3.

Fig. 3. Pulse voltage generator

The capacitor charging process allowed us to estab-
lish that the values of charging resistances are changea-
ble because of changes in temperature and in the chemi-
cal purity of solution. This results in different charging
time of PVG channels. The measurement of the voltages
of terminal capacitors of each channel allows us to con-
trol the charging process. The high dc voltage is usually
measured using the high-resistance divider fabricated in
compliance with the requirements set to the high voltage
equipment.

Operation of the “Temp-B” accelerator is character-
ized by the availability of transient currents and high
voltage jumps. As a result, electromagnetic fields are
formed near the experimental plant that can create inter-
ference inductions in metering devices that considerably
exceed the signal measured. Therefore, it is necessary to
place the metering equipment at a certain distance from
the accelerator arranging it inside the shielded enclo-
sure. The availability of large alternating magnetic
fields creates a big problem for communication lines
made of screened coaxial cables due to the so-called
earth loops. A change in the magnetic field can induce
large voltages in such loops. The use of light-emitting
diode as the communication line allows for a considera-
ble improvement of the noise immunity and the safety
of personnel working in a high voltage environment.

The high voltage meter was fabricated using the re-
laxation transistor generator in the avalanche mode [2]
that allows for a rather easy voltage-to-pulse repetition
frequency conversion. Such a circuit allows us to get the
conversion accuracy of the order of tenth fractions of
the percent. The stable operation of this circuit is
achieved due to the self-regulation of the difference in
threshold voltages [3].
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The high-voltage meter diagram is shown in Fig. 4.
To shape the rectangular current pulse that runs through
the LED the accumulating LC-line was used that allows
us to generate the current pulse of ~ 120 mA with the
duration of ~ 5 us [4]. The light signal receiver was
made using the phototransistor and the dedicated micro-
circuit 1054 HAZ that shapes the standard rectangular
pulse. This pulse actuates the pulse repetition rate-to-
voltage converter. The frequency converter was realized
using univibrator 155 AG1 and the sensing head with
the full-scale deflection current of 300 pA. Such a dia-
gram allows for the measurement of capacitor voltages
to 80 kV. The measurement accuracy was equal to
0.5 % and the sensing head error was not taken into ac-
count.
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Fig. 4. High-voltage meter diagram

CONCLUSIONS

1. The high-voltage meter is used for the measurement
of the charging voltage of PVG capacitors used by the
microsecond accelerator “Temp-B” and it allows us to
control the charging voltage in each PVG channel. The
measurement error is within 0.5 % and the sensing head
error is not taken into account.

2. The developed and assembled diagnostic module al-
lows for the operation simulation of the REB accelerator
“Temp-B” and it has the following parameters: the
charging voltage is up to 90 kV, the discharge current is
up to 50 KA and the current buildup front is up to-
600 ns.

3. The developed discharger makes it possible to com-
mute the capacitor banks in the diagnostic module in the
voltage range of 5 to 90 kV.
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JTUATHOCTUYECKHUM MOY.JIb PAJJUMAIIMOHHO-ITYYKOBOI'O KOMIIJIEKCA “TEMII-B”
A.B. bampakos, E.I'. I'nywixo, AM. Ezopoe, A.A. 3unuenxo, 10.®. Jlonun, A.I'. Ilonomapés, C.H. @edomos

Pa3paboTaH ¥ U3TOTOBICH CHJIOBOM MOAYIH IJIsl KAINOPOBKM M OTIIAAKH Y3JI0B U 3JIEMEHTOB MHUKPOCEKYHIHOTO
YCKOPHUTENS PEITUBIUCTCKAX JIEKTPOHHBIX IMydkoB (POII) “Temmn-b”. M3roToBineHB MOMEX03aMAIIIEHHBIA N3MEPH-
TEIb BBICOKOTO 3apsITHOTO HANPSDKCHUS! HA OKOHEUHBIX KOHJICHCATOpaX YEeThIPEXKAaHAIBHOTO TeHEpaTOpa UMITYJIbC-
Horo HanpspkeHus (I'MH) u pa3psaauk, paboTarolmuii B IIMPOKOM JMana3oHe 3apsIHbIX HanpsokeHuil. PazpadoTan-
HblE Ha MOJIyJIe METOJMKH ¥ M3TOTOBJICHHBII ITOMEX03aIUIIEHHBIH U3MEPHUTENb BBICOKOTO 3apsAHOTO HAMPSIKEHUS
IIpUMEHEHBI Ha yckopuTtene “Temn-b”.

NIATHOCTUYHUM MOJIYJIb PANIALIMHO-IIYYKOBOI'O KOMILIEKCA “TEMII-B”
O.b. Bampakos, €.I. I'nymiko, O.M. €20pos, A.O. 3inuenxo, I0.®D. Jlonin, A.I'. Ilonomapvos, C.1. @edomos

Po3po0iieHo Ta BUrOTOBJIICHO CHJIOBUI MOAYJb ISl KadiOpyBaHHs 1 HAJAroJHKEHHs BY3JIB Ta €JIEMEHTIB MIKpO-
CEKYHJIHOTO MPUCKOpPIOBaya pessITUBICTChKUX enekTpoHHUX mydkiB (PEIT) “Temn-b”. BurotosneHo nepemkono3a-
XUIIEHUH BUMIpIOBa4 BHCOKOI 3apsIHOT HANPYry Ha KiHIEBUX KOHJAEHCATOpaX YOTHPUKaHAJIBHOTO TeHepaTopa iM-
nynbeHol Hanpyru (I'TH) Ta po3psimHMK, 110 Mpaiioe B MIMPOKOMY Jiana3oHi po3psaHuX Hampyr. Po3poOieni Ha
MOJIyJli METOJMKH 1 BUTOTOBJICHHH IIEPEIIKOI03aXHUIICHUI BUMIpIOBaY BHCOKOT 3apsiTHOI HAIIPYTH 3aCTOCOBaHI Ha
npuckoproBadi “Temn-b”.
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