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The high-voltage rectifier modernization, which is part of helium accelerator (PSS-4) high-frequency system, is de-
scribed. The rectifier supplies the pulse modulator with direct current energy. The valves of the modulator used are
mercury thyratrons. Modernization involves replacing thyratrons with semiconductor diodes. In the article, a compara-
tive analysis of the parameters of thyratrons and diodes, which are supposed to be replaced by thyratrons, is carried out,

and the expediency of such a replacement is substantiated.
PACS: 29.20.-c

INTRODUCTION

A linear helium ion accelerator with A/q=4 and en-
ergy up to 4 MeV has been developed, manufactured
and put into operation at the Institute of Plasma Elec-
tronics and New Methods of Acceleration (IPENMA)
NSC KIPT [1]. The accelerator is destination for opera-
tion as part of the MILAC (linear accelerator of multi-
ply charged ions) as a pre-stripping section (PSS-4). As
a result of nuclear reactions occurring in the materials of
nuclear power facilities (NPFs), residual fission prod-
ucts are formed. The development of works on the crea-
tion and study of structural materials for nuclear reac-
tors has led to the development and use of linear ion
accelerators for these purposes.

Among the residual fission products, helium should
be especially singled out, the accumulation of which has
a destructive effect on the general physical and mechani-
cal characteristics of materials. Its accumulation has a
destructive effect on the general physical and mechanical
characteristics of materials, namely radiation swelling,
embrittlement, sputtering, creep, erosion (blistering and
flaking), etc. [2 - 6]. To date, there is a lack of experi-
mental data on the formation of helium during irradiation
in NPF sand its effect on the properties of materials.
Experiments to study the effect of helium, carried out
directly at NPFs, are time-consuming and rather compli-
cated. Therefore, the possibility to simulate damage of
materials by using linear accelerators and bombarding
samples with helium ions is currently being studied [7].
For this purpose a materials science complex was creat-
ed in the laboratory of IPENMU, the main component
of which is the PSS-4 — linear helium ion accelerator.

A detailed description of calculations, structure de-
signs and parameters of the accelerator is given in our
previous publications. The main given parameters and
distinctive features of PSS-4 make it possible to use it as
a source of a helium ion beam to simulate the effect of
the radiation background of a NPFs on the materials of
the divert or and the first wall of the reactor. The im-
portance of these physical studies requires both the
expansion and improvement for the quality of studies,
and further development of the technical components of
the accelerator. This is achieved, first of all, by increas-
ing the reliability of units based on replacement with
using modern elements and technologies.
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Fig. 1. PSS-4, helium ion accelerator

PSS-4 SHORT DESCRIPTION

Currently, the main studies are carried out using the
PSS-4 section (Fig. 1), designed to accelerate helium
ions with A/g < 4 from 30 keV/n to 1 MeV/n. The PSS-
4 is based on an irregular in terdigital accelerating struc-
ture operating on the acceleration method, developed at
KIPT — variable-phase focusing with a step change in
the synchronous phase along the focusing period. The
advantages of this structure in the examined ion energy
range are its small size, high acceleration rate, and high
electrodynamic characteristics, which ensure stable
operation and economical power supply. In current
physics studies, PSS-4 contains a helium ion injector, a
beam tracking and control line, an ion accelerator, a
focusing triplet, and a chamber for samples irradiation.

In experiments to study the properties of structural
materials operating in the radiation fields of NPFs, there
are increased requirements for the equipment used. First
of all, this is the high stability of the parameters of the
facility during irradiation, which determines the high
quality of the accelerated helium ion beam during the
experiment. In this case, special requirements are im-
posed on the microwave power supply system of the
accelerator, since even slight changes in the amplitude
and frequency of the accelerating field cause large
changes in the experimental conditions for irradiating
samples.

The power supply system of a linear helium ion ac-
celerator contains a pulse modulator, a microwave gen-
erator, and a high-voltage rectifier, the modernization of
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which is the subject of this work. The microwave sys-
tem has the following characteristics.

Fig. 2. Two-stroke rectification circuit

The maximum pulse output power of the generator
is 500 kW and, depending on the type of accelerated
particles, can be controlled by changing the anode volt-
ages of the six-stage microwave generator. The pulse
modulator produces high-voltage pulses with a duration
t=1ms, and with a repetition rate f = 1...10 Hz to
power the lamps of the microwave generator. The max-
imum pulse power consumed by the generator from the
modulator is 1 MW. The high-voltage rectifier is de-
signed to power the pulse modulator with direct current
electrical energy. The average power consumed by the
modulator from the high voltage rectifier (HVR) is
11 kW. The HVR is assembled according to a two-
stroke scheme and is powered by a three-phase trans-
former, the windings of which are connected by a “star”
(Fig. 2). Mercury thyratrons TR1-40/15, which opens at
a certain voltage at the anode, are used as valves
V1...V6 in the HVR circuit. The circuit with switching
of each thyratron is shown in Fig. 3, where T1 is a trans-
former for powering the heating of the indirectly heated
cathode.

Basic parameters of thyratron TR1-40/15: heating
voltage — 4.75...5.25 V, heating current — 58...68 A,
anode voltage (direct and reverse) 15 kV. The highest
amplitude value of the anode current is 120 A, the aver-
age current value is 40 A. The operating temperature
range of the thyratron is 15...35°. The maximum ser-
vice life is about 3000 h. When turned on, it takes at
least 30 min. to warm up the cathode. Along with the
obvious advantage in the form of a high allowable an-
ode voltage, this type of thyratrons also has significant
disadvantages. This is the need for a step-down trans-
former to power the filament circuits with a power of
about 400 W, the secondary winding of which must
withstand high voltage.

~380V

Fig. 3. Scheme of thyratron connection

The filament voltage must be maintained with an ac-
curacy of at least 5%, which in turn requires the pres-
ence of a mains voltage stabilizer with a power of at
least 2.5 kW. Thyratrons of this type allow operation in
a narrow temperature range, which leads to the use of an
air conditioning system. The presence of toxic mercury

vapors and the glass version of the device require spe-
cial precautions when servicing HVR and replacing
thyratrons. Currently, TR1-40/15 thyratrons are not
produced by the industry, so the replacement of used
devices is practically impossible.

CHANGES DESCRIPTION

The purpose of the modernization of HVR is: to in-
crease the reliability and durability of work, to reduce
the overall energy consumption, to abandon the systems
for stabilizing the network and air conditioning. Addi-
tionally, the environmental requirements associated with
the disposal of thyratrons will be reduced.

In modern electronic equipment, previously widely
used, electronic and ion valves are replaced by semi-
conductor ones. An analysis of the properties of semi-
conductor valves of various types showed that silicon
diodes have the highest allowable reverse voltage and
the highest rectified current. Taking into account the
requirements for the reliability of the operation of HVR,
for the development of a new power supply circuit for
the microwave system of the accelerator, diodes of the
D122-32 type were selected. The main parameters of
this diode are: the maximum allowable forward current
at a temperature of 150°C is 32 A; impulse reverse
voltage — no more than 1200 V; direct current for single
pulses at 25°C is 500 A; ambient temperature is from -
50° to the maximum allowable temperature of n-p tran-
sition 190°C. A big advantage of electrical circuits
based on semiconductor devices is the absence of in-
candescent transformers, which significantly affects the
power consumption and dimensions of the devices. An
important role in this is played by the lack of network
stabilization and air conditioning systems. Disposal of
devices that have worked out their term is also not a
problem, since they do not contain toxic substances.

A significant disadvantage of diodes is their low al-
lowable reverse voltage, which depending on the class,
is limited to an amplitude of 1600 V. The solution to
this problem is to create a circuit of series-connected
diodes. Each diode in such a circuit must be shunted
with resistors to equalize reverse voltages and capaci-
tors to suppress transient surges. But the reverse current
changes for different instances of diodes of the same
type. In addition, it increases with increasing tempera-
ture. Therefore, the resistance of the diodes in the re-
verse direction is different and decreases with increas-
ing temperature. If special measures are not taken, this
causes an uneven distribution of reverse voltages on the
diodes of the series chain and can cause a breakdown of
one of the diodes, and after it the rest. The resistance of
the shunt resistor must be at least 10 times less than the
minimum reverse resistance of the diodes.
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Fig. 4. Scheme for diodes switching
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On Fig. 4 there is the proposed scheme for switching
on diodes as HVR valves in the microwave power sup-
ply system of the accelerator. Eight series-connected
diodes D122-32, replacing one mercury valve, will be
sufficient for reliable operation in the HVR circuit.
Diodes are mounted on radiators. Cooling is natural.

CONCLUSIONS

In order to improve the parameters of individual
units of the PSS-4 accelerator, an analysis was made of
the state of the high-voltage rectifier (VVR), which is
the power source of microwave system. A decision was
made to replace obsolete mercury thyratrons with chains
of silicon diodes. Despite the simplicity of this solution,
in order to maintain the stability of the power supply
and the overall reliability of VVR, it is necessary to
select diodes for the identity of their parameters. The
adoption of this solution makes it possible to further
reduce the energy, consumed by the accelerator, as well
as to simplify its design by eliminating the stabilization
and cooling systems.
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MOJEPHIBAIIA CUCTEMH KUBJIEHHA MIKPOXBHJIBOBOT'O
IIPUCKOPIOBAYA TOHIB I'EJITIO

M.I. I'anonenxo, B.A. Cowmenko, b.B. 3aiiyes, B.I'. ’Kypaenvos

OmucaHo MOJEpHI3alil0 BHCOKOBOJIBTHOTO BUIPAMIINYA, LIO BXOAUTH JO CKJIAJYy BHUCOKOYACTOTHOI CHCTEMH
npuckoproBaua reinito ([I0C-4). Bunpsimisy >KUBUTh IMIYJIbCHUNA MOJYJIATOP €HEPri€r0 NOCTIHHOTrO cTpymy. Ben-
TUISIME MOJYJISITOpa BUKOPHUCTOBYIOThCS PTYTHI THparpoHH. MozepHizalis nependadae 3amiHy THUPaTpOHIB Ha
HAamMiBIPOBITHUKOBI jAionu. [IpoBeneHO MOPIBHSUIBHMN aHaii3 IMapaMeTpiB TUPATPOHIB 1 Ji0iB, 1O Hependavae
3aMiHy TUPATPOHIB, Ta OOIPYHTOBAHO JOLIJIBLHICTh TAKOI 3aMiHH.
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