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Abstract – Design of a high voltage pulsed genera-
tor with an output voltage of ≥ 350 kV is described. 
The generator operates in the nanosecond range of 
pulse durations (~ 300 ns) at a repetition rate of up 
to 10 pulses/s in a continuous mode and is intended 
for electric discharge technologies, specifically for 
removing of concrete surface. The energy stored in 
the generator is ~ 600 J, and the energy released in 
a pulse is ≥ 300 J. Results of the experiments are 
represented. 

1. Introduction 
Electric discharge destruction of nonconducting mate-
rials [1] based on the generation of pulsed fields of 
mechanical stresses by an expanding plasma channel 
is an efficient method for their treatment. Discharges 
are formed using high voltage pulsed generators most 
frequently built according to the Marx or Fitch multi-
plication circuits [2, 3] and circuits of magnetic pulsed 
generators [4] and generators with pulsed transformers 
[5]. 

Specific features of electric discharge technolo-
gies, in which a spark discharge in a liquid or a solid 
is used as a tool, impose rather stringent requirements 
on the parameters of pulsed generators. The main of 
them are as follows: (i) a pulse repetition rate of  
10–30 pulses/s, (ii) the capability of reliably operating 
into a short circuited load after a breakdown of the 
working gap (the resistance of the plasma channel 
decreases to a few tenths of an ohm within 100–200 ns 
[6]), thus ensuring a discharge current of 10–20 kA 
(i.e., an impedance must be  no higher than 15–30 Ω), 
(iii) a service life of all elements of technological gen-
erators of at least 106–107  pulses, (iv) a voltage across 
the gap before breakdown of 250–400 kV, and (v) if 
the technology is based on the penetration of the dis-
charge channel into a solid being under a liquid layer 
[1, 6], the slope of the pulse leading edge must be at 
least (1–5) ⋅ 1012 V/s. The efficiency of technological 
generators is also determined by the ratio of the ohmic 
component of the generator resistance to the resistance 
of the discharge channel. From this point of view, in 
some cases, technological pulsed generators with 
pulsed transformers may be preferred as compared to 
Marx generators with serial connection of gasdis-
charge switches, if a lower resistance of a single 
switch in its primary circuit is ensured. 

In this paper, we describe such a generator de-
signed for electric-discharge destruction of the surface 
concrete layer and crushing and disintegrating materi-
als. 

2. Design of the generator 

Structurally, the pulsed generator is built in the form 
of two units: a high voltage module and a power sup-
ply and control system. 

Figure 1 shows a design of the high-voltage mod-
ule. High voltage pulsed transformer with toroidal 
core 2 is placed in cylindrical housing 1. The primary 
turn of high voltage pulsed transformer is formed by 
housing 1, disk 3 with holes, cylinder 4, and high 
voltage electrode 12. The secondary winding consists 
of six sector windings 6 positioned radially around 
core 7. This placement of the windings minimizes the 
leakage inductance of the pulsed transformer. Secon-
dary windings 6 are wound in the form of a helix with 
a copper ribbon and are connected according to the 
autotransformer circuit with respect to the primary 
turn. Each of windings 6 has seven turns. The voltage 
induced at the secondary windings of the transformer 
is applied to electrode 5 and, through a high voltage 
insulator composed of disk insulator 8 and two conical 
insulators 9 and 10, and then it is output to the elec-
trode system. 
 

 
Fig. 1. Design of high-voltage module 

The capacitive storage of the high-voltage module 
is assembled of K75-74 capacitors of two ratings    
(0.1 μF, eight pieces, and 0.047 μF, four pieces) at an 
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operating voltage of 40 kV connected in parallel. The 
total capacitance of the storage was 1 μF.  Capacitors 
11 are placed inside housing 1 on electrode 12 of the 
pulsed transformer’s primary turn symmetrically rela-
tive to the axis of the high-voltage module. The sec-
ond terminal of the capacitors is connected to ring 13, 
which is electrically connected to anodes 14 of the 
multichannel spark-gap switch (SG). The volume oc-
cupied by the capacitive storage and the pulsed trans-
former is filled with transformer oil. The oil filled 
volume is equipped with a bellows based expansion 
compensator 15. 

The multichannel SG switch is placed in dielectric 
caprolon case 16 that limits the oil filled volume of the 
high-voltage module. The SG contains eight trigatron 
type spark gaps connected in parallel and uniformly 
distributed over a circle. Each spark gap is formed by 
anodes 14 and cover 17, which is a part of the metal 
housing of the module. Igniting electrodes 18 are in-
serted into the cover. Anodes 14 are equipped with 
ferromagnetic cores 19 that serve as anode current 
dividers. When a breakdown in one or several spark 
gaps of switch is initiated earlier owing to magnetiza-
tion reversal of ferromagnetic cores 19 enclosing an-
odes 14 and coupled through two oppositely con-
nected turns, an emf is additionally induced in 
unswitched gaps, thus stimulating their breakdown 
and equalizing the currents in them, and a current 
equal to a half the switching current of one channel 
spark-gap is established in turns. Anodes 14 from 
copper are equipped with rings that serve as radiators. 
The apertures with diameter 4mm are located centrally 
of anodes 14. It allows to increase stability of mul-
tichannel work at the expense of spark-gap field dis-
tortion. To avoid the melting insulator from caprolon 
between insulator 16 and anodes 14 teflon gaskets are 
located. Igniting electrodes 18 are made from WCu–
alloy to decrease erosion. Insulators 20 of igniting 
electrodes are made from ceramics. 

The volume of the multichannel SG is filled with 
industrial grade nitrogen at a pressure of 0.5 MPa. 
Near each igniting electrode on the SG cover there are 
capacitors and resistors 21, which ensure triggering of 
the multichannel SG.  High voltage U(t) is recorded 
with a capacitive voltage divider positioned opposite 
the high voltage electrode in the oil filled housing 
volume (Fig. 1). The high voltage module has a max-
imum diameter of 460 mm, a length of 1100 mm and a 
mass of 180 kg. 

The power supply and control system for the high 
voltage module is built as an individual unit, which 
contains a voltage converter,  a pulsed transformer, a 
capacitive storage, an energy recuperation system, a 
simultaneous triggering system, and control and ad-
justment elements. The overall dimensions of the 
module are 500 × 700 × 1100 mm, and its mass is 
120 kg. The module is supplied from the industrial 
mains of 380 V. The consumed power at a no load 
voltage of 370 was 8 kW. 

3. Test results 

The generator was tested during operation involving 
destruction of the surface of a concrete block covered 
with a layer of mains water. The concrete block was 
placed in a dielectric bath. The high voltage module of 
the generator was vertically installed on the block 
(Fig. 2). The electrode system was installed prelimi-
nary on the high voltage output 5 through a high volt-
age insulator composed of disk insulator 8 and two 
conical insulators 9 and 10.  
 

 
Fig. 2. The generator on the concrete block 

It was found that the electrode system with length 
of discharge gap S = 24…27 mm is optimal. The de-
sign of electrodes provides minimal inductance at 
connection with the generator. The electrode system 
was made from spring steel to adjoin the concrete sur-
face. 

 
Fig. 3. Design of the electrodes system 

 
Fig. 4. Typical oscillograms of the generator output pulse 
  and current during destruction of the concrete block 
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The experiments were conducted at the frequency 
of 5–8 pps and with variable rate on the surface.  
Figure 5 shows typical oscillograms of the output 
voltage of the generator operating with the concrete 
block. 

 

 
Fig. 5. Concrete block after destruction 

Efficiency of the set-up is 3–4 m2/hour at 
F = 5 pps, and 6.6 m2/hour at F = 8 pps. As a result, 
craters with diameters of 50–60 mm and a depth of 
about 4–17 mm are formed on the surface of the con- 
 

crete block. It was found that destruction depth of 
concrete does not significantly depend on pulses num-
ber and moving speed of electrodes. Figure 5 shows 
the concrete block after destruction. 
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