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DEVICE FOR STRENGTHENING THE SURFACE OF PRODUCTS, METHOD AND USE THEREQF

¥ield of the invention

This invention relates, on the one hand, to a method of strengthening the
surface of workpieces, in particular metal ones, by mechanical effects
accompanying the impact of small projectiles oxr by mechanical effect

accompanying the impact of a shock wave caused by a plasma caused by

electrical evaporation of a metal foil. The inventicen further includes a

device for performing this method. The impact of the projectile induces
plastic deformations in the surface layer of the workpiece which introduce

residual mechanical stresses. These cause a significant improvement in the

functional mechanical properties of the inal product. The general
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application of the invention s destined for engineering production,

particularly in the aercspace industry and in general wherever mechanically
highly stressed components, endangered for example by fatigue fractures, are

manufactured.

Background

Numerous technological procedures and msthods are known for improving the
mechanical properties of manufactured products by acting on the surface
lavers of manufactured workpieces, especially made of metallic materials.

This increases the mechanical, cavitation, adhesion, and corrosion resistance

of the surface. These methods are generally based on the principle of
changing the stress in the surface layers by intrcducing a suitable level of
compressive residual stress and its depth gradient below the surface. Such a
method o©f surface strengthening 1is, for ezample, shot peening, where

projectiles impacting the workpisce surface are accelerated steel balls. The

method is quite commonly used, but the achievable values of residual stresses

(]

and the affected depth of the material are not great. Therefore, more

"h

advanced methods are being introduced today, such as surfacs si

ot

rengthening by
the action of a beam of light rays generated by a power laser impinging on a
liguid~covered workpiece surfaces. The short irradiation of this high-power
iight beam generates a shock and deformation wave on the workpiece szurface,
which causes the material to strengthen. New technologies 1like this hav
significant potential for increasing the service life of critically stressed

parts, such as aircraft and rocket engines, space device structures, steam

turbine blades, high-performance pump impellers, nuclear reactor vessels and

=

any more.
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Although the above-mentioned advanced laser technology 1is already used in
industry, its wider use is hindeved by wsry high investment and operating
costs. These costs spent on laser surface reinforcement often acocount

parcentags of the price of ths entire product. It is also

overcoma ssveral complications, such as the need for direct
cptical acossy to the surface to bs ifreated and the nesd to cover it with a

laver of liguid.

Summary of the invention

The mentioned problems with the hitherto known technologles of lmproving the

mechanical properties of workpieces by
s

by the method of

and

it, whereil

an elect:

and the

it and subseguently turnsg it into an expanding plasma which, at

1ly by its expansion pressure, accelerates sald projectile in the

workpiece belng treated.

it is alse supedient to carry out ths process

according to the invention the essence of which is that the plasma generated

by the electric current pulse, in additio
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Larated by

electric current through this plasma in the generated magnetic field.

According to the invention, it is alsc sxpedient to carry out ths process

to the invanticn the essence of which is ¢!

guided in the dirsction of the workpiece surface through a channe

"

According to the linvention, it i also expedient to carry out ths process

%

inventicn the essence of which is that the strengthening of

surface 1s performed 1in pericdically repeaitsd functional
the beginning of each c¢ycle, the polymer objech, in
form of a strip, iz displaced in the direction of its
spacing distance bhetween the hridges, which had previcusly
foll on the polymer ztrip and created by local narrowing

and then the movement of this strip is stoppsd for ths

in order to create plasma by electric discharge.
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In particuliar, it is expedient to use the device according to the invention
for oarrying out this mesthod, the essence of which is that against ths

surface of the workpietce there is positioned the surface of

)

, s
polymer obi

®

o
(O

n particular in the form of a polymer strip, on the surfacs of which on the

et

ide divertsd from the surface of ths workpisce is a metal foil with bridges
and this metal foll is in electrical contact with twe electrodes, on the one
hand by the first electrode and next to it, in particular 1n the direction of
the length of the polymer sirip, by the second slectrode between which there

zach of the ftwo elentrodss is an electrical conducter,

&
irst conductor and the szecond electrode with
the second conductor with one of two capacitor electrode plates which ars on
opposite sides of the dielectric, and these conduciors are connscted, ons of
them wias a switch to the outputs of the high wvoltage source.
It 1z alsc expedient for this method to be carrisd out in the device

v

the essence of which is that betwsen thes surface

of
oL

the metal foil, there is zituated a

opposite pa 0

nozzlie directed with its mouth against the surface of the workplece and with
its inner channel against the surfacse of the peolymer object, which
predominantly has the shape of a polymer strip passing through the active

S

wart of the displacemant mechanism.

for this method to be carried out in the device
vention, the essence of which is that the switch comprises
spark gap outpul, and an alr gap bsiwesn tham.

dient for this method to be carried out in the devics

inventicn, the essence of which is that the slectrical
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in shape, with a width greater than the thi
convey the reguired mechanical stresses
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workpiece surface is

vary high compressive fo

“irst gradually acouwmuiated in a capacitor,

is to the plasma formed o
conductive foil bridge in a few tens of nanoseconds. The expanding plasma

converts the suppliied energy into the kinetic energy of the projectile. Th
s thus accelsrated to a high speed of several kilomsires per second a:

it transfers a substantial part of this enerxs

ent of larger areas is required, and this nseds a rapid

repetition of many proijectile impacts in a computer-controlled process.
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ution according to the invention illustrated in Fig.
presasnted in Examples 5 and § gonsists in particular in ths
modifications of the embodiments according to Examples 1 to

~ the switch comprises on the one hand a spark gap input
and on the other hand & spark gap output

PCT/CZ2021/000009
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L2 to 14bh and

R

following

same conductor; furthermore, it has a gap between them, and / cr

- cen the surface of ths workplece and a part of the metal foll, the
polymer strip is in direct contact with the surface of the workpiecs and this
polymer strip, mechanically copnected to the metal foil, passes through the

active part of the displacing device, and / oy

e electrical conductcors leading from the capacitor fo the slecirodes are
fiat in shaps, with & width greater than the thickness, ons of these
electrica conductors being in its part at the same time & capacitor
electrods plate and the other conductor being intesrrupted by a switch

The advantage of

is not contaminated with foil bridge ablation products, as
protects it. The length of the pressure pulss induced by ths
plasma can be wvaried by the electrical parameters of ih
togsther with the possibility to increass thes treated are
wave allows the layer to be affected to a grsater depth.

“aﬂbl el

To introduce the regquirad mschanic straszes into the of metal
chiencts, the electric capacitor diszcharge a shock wave strong

gh to causs plastic deformation of the material in the surface of the
workpisce. To do this, it 1is necessary to achieve wvery high conpressive
forces. Ths snergy that m this possible is fivst gradually accumulatsd in
the capacitor and, after its discharge, 1is transferred to the plasma formed

by ionizaticn from an sisctrically conductive foil bridge
azveral tens to hundreds of nanoseconds. The szpanding pla

the

supplisd ene

Ty

via the polymer strip,

in the cass of the smbodiments in Examplss to 4. In gen

eral, ths

over a period of

converts a

part

of larger areas 1is regulred, and for this it is necessary to quickly repeat
the impact of many shock waves on presslischted areas of the workpiece surface
in  a computer-~controlled process Fast cycle epetitio is  ensured by
mechanical displacement of the polymsr strip carrying the new foil
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Due to the very fast discharge of the non~inductive capacitor into the
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nridge, a plasma iz formed by evaporation and ilonization of this bridgs.
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rated plasma, Dy its expansion, creates a shock wave guided through

gtrip into the asurface of the workpiece, which is in direct contact
with the assembly 32, 34, 37 and 41. This shock wave causes a plastic
u

deformation of the rface layer of the workplece and thus leaves residual

invention, it 1is alsc =szpedient to carry out the method

invention, the essence of which is that the plasma generated

current pulss is betwesn the workpisce

and the support body and thus ths plasms increases,

According to the invention, it 1is alsc expedient to carry
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according to ths invention, ths =zszence of which is

the plasma generated

by the elecgtric current puise is lszolated from the workpiece and / or from

suppert body by a polymer laver.

is alsc expedient according to the invention to carry

accerding to the invention, ths that the str

The workpisce surface is carriad o i riodically repeated
cycles, wherain at the beginning of each cycle, the asssmbliyv 32, 24 and 37 is

in the direction of its length by one spacing distances between the

bridges previocusly created

ity local narrowing, and
regt of the cycle to effect plasma formation by the electric discharge.

Description of drawings

The accompanying fLigures schemat

ically show alternative embodiments of a
shock wave generator for strengthening the surface laver of materials

according te the invention. In addition, there is an ex

"(,'S

Fig. 5. Thiaz explains ths directi:

1 gpace of the Lorsntz force used in ths

The first

J

smbzodiment shown in Fig. serxves hers mainly

o ¢larify the functional principle and therefore some detalls which are not

essential for expianation are omitted for the sake of simplicity. Only

in the further illustrations in Filgures 2, 3 and 4 is the arrvangement that 1s
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practically appiicable. Other dirsctly applicable embodiments are shown in

ures B, 7 and 8 on the one hand and in Figures 9, 10 and 11 on the othex.

In an alternative preferved embodiment ove some of the disadvantages
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Fig. ©, these shock waves

layer of wetallic materials accerding to the

serve mainly to olarify

ign of this de

clarity and simpl some detalls

explanation are onmitted, for example, =X

strip with foll bridges and a transverssy for

location of the workpiece surface.

the =zcale is also differsnt in the x and v axis, Dbscause Lhe

the connecting taps line are laminated with foils with =

shows a diagram of a device according to the first preferred

O}

nbodiment according to the invention.

I

shows a diagram of a

ambodiment according o the

igures l4a and 14b show a detall of a polymer strip provided with a mestal

shows an layer 37, with openings for the slectrodes 33

N

protecting the support body 41, which is necessary for the corrsct

nobionis

the device according to both variant exbodiments, further

xamples 5 and #&.

doined together so that the metal

lavers of the polymer strip 32 and the insulating layexr 37.

oA 4 2 Y Ta&y HEC Rk 7 7 4 F oy . o P il vy A Gy e
Fig. l4a shows only two plecez of the metal foll 71 with bridges

L

ayer 27 szhown in

ponding cpenings in the insu

by 3

practice, however, it will be a long ztrip with a larges number

foil 71 with Dbridges 34. Alternatively, it can
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N 9

longitudinally, but then it is moved between pulses in the

Lo

z~axiz - Fig., 12 and 1

Examples for an smbodiment of the invention
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while the device ixngself

plying the requirsd

he surface laysr of this wor 10 is shown in the lower

this figure, the trajectories of ths

exemplary embodiment hawve an axially symmetrical
drawn in the figure in a section in a vertical
of symmetry. In reality, these components are in

cthar and are fimmly connescted together at th

helezs, for the sake of clarity of

are drawn vertically offset relative to one another, so fhav
visibie betwesn them din the figure. These components are,

{a} a circular disk of the nozzle body 31 -

principle not necsssary,

parameters of the device. Bslow the

shape of a circular disk.

The mztal foil the polymsy strip 32 from bslow. It rests on the

cugh hole, here the

lowsr =dging of this

trip of constant widih and

o

ratween the two electrodss

voltags source 83 made by known methods and there is also a switch 54 which

is alse in a known embodiment usually made for switching large currents and

3]
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voltages. The electric current from the high voltage source 83 1z conducted

to ths first electrods 33 by the first conductor

. In contrast, from the switch §4, ths currsnt from the szeconad terminal of
the high voltage source 83 is similarly conducted to the second electrode 65

by the sscond conductor 46.

By «olosing the switch 84, a high veltage 1s applied bstween the two
zischtrodes 33 and 66. However, the circult is short-circuited by the metal

1. This causes a high-intensity elecgtric current to flow through the
e

& short fime., By ohmic

ghort peried of

& plasma is formed from these metal vapours. Ths plasma expands

farce on the polymer strip 32

of the polvmer strip 32 is

e & projectile 100, which

ates a shock wave in it,

Fig. 1 is intended primarily to

projectiles 100 in the device

according to the invention. It ls adapted for use in practical engineering

© t
production, for exasmple, as Indicated in Figures 2, 3 and &.

As in PFig. 1, there is also a part of the strengthensd wo
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>, while the actual device for forming the projectiles 100 iz at

thes Figore. It performs periodically repeatsd generation and

successively generated proiectiles 100 in  rapid

“his embodiment, an additicnal

also created, 1in additicn to the

in this exemplary embodiment, ul

extremely high short-term

the nozzle 31 upwards. The

it congsntrates the electric charge

carriers in the plasma them from escaping to the sides. As in
1

guidance and acceleration of the projectiles 100, the nozzle




U

WO 2021/170156

PCT/CZ2021/000009

middle for the passage and acceleration of the fired

this case, it is firmly connected to the
It is formed directly on the underside of

deposition, pressing or similar known

trip 32 drawn at the top of FTig. 3 has a

constant width and thickness along its entire length. In contrast, as zhown

in the lower part of Fig. 23, this metal foil 71

periodically recurring longitudinal distances.

N

on the polymer strip 32, for sxample, by vacuum deposition of

rerial through a suitably shaped mask or by etching off unwanted
i

shown in Fig. 3, a metal fo

071 iz left
the width of the
27 on which the

sides of the bridge 34 and nesxt fteo it, in

avel of the polymer strip 32, the s=scond

Machanically but not electrically, both sisctrodes are ¢onnected to the
5o that they remain immovable even when thes devics
above ths upper surface of

contact with the metal folil

p? & B ~ 1 ~F Y v 3 = Qo 2 S 1.
the functional coycle. The polymer strip 32 is lon

material to form many successively

save space, this polymer strip 32 with
sh

wound 1in a spiral, as
spiral gradually rotates and unfolds during ths operation of the device. The
device 35 through which the polyvmer strip 32 passes zerves to

movement. It is carried out in one of the commonly known

Also, in this case, baslow the supplied polymer strip 32 thers

E body 431, fiymly connected
device. The polymer strip 32 1s made

material such as bi-axially oriented PET {pclyethylasns terephthalate} oxr
¥

. Together ths attachsd or directly formed mstal foll
strip 32 progresssively moves In the direction of the lsngth

steps corresponding to the distance Dbetween the two
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formed in the support body 41. They

and the second conductor 46, both provided with

extremsly high demands are

placed on it. It must be a material with extremely high dislectric

nvoelves high

the repeated functicnal
te generate the hen the projectiie 100. To store this

s

from the high voltage source €3 during

the capacitor

this case, the high voltage source §3 lis

a relatively complex but gsnerally known electrical device.

In this case, an impuortant reguirement for tha electrical circult is ths

extremely low inductance of all circult components. The lower 1its value, the

and the hig

duraticn of the discharge from the capacitor &

the value of the instantanecus maximum elecirical powsr supplied toe the

of  possible

inductance, which 1s suppressed by the design. On the one hand, 1t is a part

which could ke present in the capacitor 50 since capacitors 50 are not
the reguirsment of extremely low  inductancs.

component ¢f the inductancs of the leadz to the

i3 necessary that the leads be as shert and flat az

winimum distance between them. Finally, it is the componsnt

2lactrical switch 84 that is requirsd at the cutputa of the

to start by its closing the plasma explosion process

Therefore, it may be extremely expedient for both the capacitor 50 and the

soilved in such a way that the switch
n

i
- M~ A e d T v i~ 3 HPN oy PR A e -
capacitor is being charged. Both its parts, the spark gap

are ssparated Irom one another by air or

a
Only when the voltage difference betweszn the input of the

and the input of the spark gap 81 excseds the value of the

alr, will
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a very short-term electrical connection be established with ths passage of
electric current. Thus, the spark gap egsentially functions as  an
4

controlled by an auxiliary electrods and switched by a hig

e of the inductance of the capacitor,

the regulrsd sxtremely

it is achlieved by its unusual arrangement., It is a

on both sidss with capacitor plates &3,

Ths metallic material of the bridge 34 from whi plasma is

iz not

m

T
cost prohism at all due to ths

the surfacs denszity of the bridge 34 1is

of the polymsr strip 32 from which the

~

efficiant transfer of momentum is ensured.

An important rols is plaved by the support body 41, which can have the

the kickback and

iz negligible az far as plasma leakage is concerned.
no 31 De terials, but its service 1ife

9

very shori, and it must bs rveplaced frsguently -~ for example, a new nozzls
on the szupplied polymsy

each YTunctional govels.

ice life without freguent

replacements, it must be made of ceramic materials v

materials are particularly

the capacitor 58 1s well adapted to the electrical lead
34, which is also desirable from the point of view of ensrgy efficiency of

the desvice, it 1is possible to maks the nozzle 31 of metal, because the

discharge of the capacitor 52 takes place go fast that the polymer strip 32
does not break bafors the =nd o©f ths electric current pulss.

SLYRCTLs of the metal nozzlse 31 have a high

volint, high density, and high hardness. Tungsten and molybdenum are



WO 2021/170156 12 PCT/CZ2021/000009

channsls

particulariy suitable. If coclant flow coclsthrough internal coolil

is  used, it is desirable that the material alsc have high

wl < -~ N -,
STERLece muslt move

£ o

61, The newly strengths

nozzle 31 so that ths projsctiles 100 ut of the nozzle 31 hix

successively determined plac of the workpiecs surface 10.

To sxplain the ongoing process of creating a projectile and inducing its

movement, Fig. 4 shows an enlarged visw of thes central part of the dssc

sion 80 is currently taking place. Similarly,

of the workpi

strengthened i1g shown at

itzelf for appliyving the regulrad stresses to ths

conductors 44, 46 are shown with insuiation

shock wave generator for strengthening a layer

according to the invention in Figs.

N

principlile of inducing mechanical

m the bridge 34, which is the narvrowing of

ore or ab the wvery end of the operating

ocyele, an elegtric dischargs from capacitoy passaes betwean the apark

input 8¢ and ths spark electric currsnt also passes

through the metal ol s situated betwsen the Iwo

intensity in the order of amperes. Erxtreme resistance heating occurs up

£o at which t sridge 34 pot only melts but also
evaporates. Bventually, it is ionlzed whsn the metal vapcour atoms 1lose some
of their selectrons

A1l this is caused by the acticn of & strong short-term pulse of slectric
through the bridge 34 connectsd to the

cuit via el

arried out repeatedly

pericodically ¢ ated functi velaes, At the beginning
here is no trical AR atween the twoe capacitor pla

The displacing device 35 rezponding to
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previous cycle beging to move the polymer strip 32 and gradually displaces it
in the of its length by a distance egual to the distance betwesn
the electrodss 33, 66 and at the za ces betwsen the

This must bs

nad the second electrode €6, both of cond

with the 34. Switch 84

matal foil 71 at oppoesd

is closed at the beginning of ecach cycle and through it from
At the same time, the traverser 61 moves ths
position in which it

cycle. However, the ele

ap input 80 and the

8] i a oy vy ~ o 3 +- N or ks T v ~ v en >3
50 is charged from the high wvoltags sovrce 83,

in a gradual incresase in electric voltage

located on opposite sides of its diele

tric 52. This part of the

gap input

be expected when a voltags in the

The capaci

that with a discharge lasting around 50 ns,
MW can be transferred to the plasma whi

order of Joulss units only.

the conductors

force are roughly in

the lower right part of Fig. 4. Similar lines of force are alsc

formad around the electvic arc 30 that is formed betwsen the first elechrode

crode §6. Thereby a large force acts on the electrons

orientaed that it moves the conductors away from each

o3
=
®
i+
w
1434
ot
i
J
g
.
=}
—
>
I3

device

cther., The two metal conductoxs 44, 46 are thersf

with a sufficlent reserve of strength.

tha charge ths

riars axre

che polymer strip 32 which is thereby -

together with the expansion c¢aused by the explosion Y90 - presssd into
mhyr

ough hole in the nozzle 31. The movemsnt inducsd by thsse forces
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desirable because

-

inside the nozzle 31 it accelerates the projectiie 100

of the wor

new bhridgs

WIOLe DIOCess can

to ensure sultable cooling not only of the

also of the sgupport body and the spark

such as a cascade of IGBT transistors. polymer strips 22 can Dbe

manufactured ny congeonly availabls filaexzible printed circult boaxrd

the pro

23 formed on

"
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o
i
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s
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k3
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The marginal residue of polymeric material is

from the device as polymer waste 91, which can be recycled.

rianatory picture

shows a achsmatic diagram of the device according to the

contrast to the exemplary swbodiments, the purpose
<

the actual shapes of the individual gomponents

the explanation of the forces gensrated

of the device. Specifical
o

Lorentz forgs, wh

O the right side

a whole, but only

the hole for guiding

chosen for its extremely low inductance.

o

conductor 44 leading from the capacitor

)
the polymer strip 32 provided with the metal £oiil 71 on the
2 zecond conduc 16 is interrupted by a spark gap consisting

T
of the spark gap input 80 and ths spark gap cutput B81.

The capacitor 50 in the used embodiment is a dielectric layer 52 con its two

flat sides - i.e., as shown in Fig. 5 above and below - provided with plates

conductor 44 and the second conductor 46, arse

ant of tha charge carriers is oreated not
&, vt alss in the plasma formed from thse
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he bridge 34. There, the charge carrisrs directed from the first

alectrods 33 to the second electrode 66 form an electric arc 30. The two

wd 46, repel sach

other with great force and must therefore be fastened to prevent them from

L. =z

carxviers in ths

selected point.

ot
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Accoyding to Faradav's law, a magnetic field

id 23

at the monitored point is ind

ancther vector, perpendicular o the current vector 21. Both

WO previo

Lorentz force 20 repels the

direction upwards, i.e.

high current intensity, this is a very signif

the projactile 10%.

18 were mainly a matter of explanation,

that are

made in thess

embodiment can

Figs &, 7 and 8. Tthis ample describss in
realiized or vrealizable. They are characterized by
100, For thig pur

particular those which lead to an

inductancs in the electrical circulsn, thug shortening
discharge. This leads to the maximum achievable value of the itantansous

electrical powsy. It is dssirable to make all cvonductors £lat with & minimum

tric between them. At the same time, the
conductors 44 and 4€ with & minimum length hetwesn the capacitor 5i

one hand, and the polymsr strip 32 and the active bridge 34 on the othey

hand, are also desirable. This second small distance factor 1s now achieved

thanks to the fact that the capacitor 50 is directly an integral
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1

£

An exemplary embodiment Is shown in Fig. & in a section through a vertic

plane. The orientation previous

&

melow it

subodiments, il.=., with

and with the support bo

shown in Fig. 5. In another figurs of the same embodiment, i.e., in Fig. 7,

perspactive views of thres conductive metal components of e generator of
0

projectiles 100 are zhown, showing the direction and position of movement of

Fig. & then showy an smboedimsn

32 with the depnsited

{
o
o
=
©
[l
o
¢
g
®

metal foll 71, In this exemplary embe

polymer strip

%

the bridges 3¢ formed by

4

f

dielectric 52 drawn, which

complicatad arrangsment.

.y e Yer NP oy Yo on 1 R e aade 3, 1 “
ow the edge above the support body 41.

rectangular shape,

spark gap input 80. The metal foil 71 on the

reaches up to this gap inlet., Against this

i ferms the input of the spark gap 80, thers is situated an
protrusion separated by an alr gap. It is heid in
f the dielsctric
a small fabricaved part,
spark gap output 81 - and
the capaciter 50 has the

algo the metal plate 353

has several functi

chayge accumuliation in the capacitor 50, it alsoe has ths
conductor 44 leading to the first
above the dielectric 52 on both sid

The corresponding peoints form the

x
71 as shown in Fig. 8. The two contact surface arsas 27 adjacsnt
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gach other in the width directicn of the polymer strip 32 are always

conductively interconnected via the bridge 34.

of projectiles 100 differs from

strip 32 is moved by the displacement device the

while the electric arc 30 at the end of each

polymer strip 32 most be

fourth described smbodimsnt, shown in Figs. &, 14 and 11, a

smallsr width of the Slvmeyry shtrin 370 d achieved than is £ial in the
SMALLSY WIidLD LORag poLymer SLYLp J40 LS5 afghlrgved Thaan 1o La Ay The

arrangement shown in ¥Fig. #. The narvowey dimengion 1is achieved by the
elements of the metal foil 71, as shown in Fig,

areas 27 interconnscted by the

zurface 28

Fig. 9, by The
atensity of from

surrounding area. However, a sufficiently largse contact
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main above each of th

The following Figures 10 and 11

~ in Fig. 10 and

iy 1 3 = 3 A - o Py o
sther only by a different angle

’)

similar to ths arrangement shown in Fig. 7 described above. 2&lso, here, ths

N -

jislectric 5Z is not drawn, as it would meke ths image of the whole device

3o
Q
{.f
e
be

very compii Thare iz not drawn the polymser

width, which 1z guided in the same way as in Fig.

upper part the workpilece 10 is indicated in
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which 1s intended to slesctrically isclate the workpisce from the bhigh voltags

civocult and to mination

il bridge an

ularly suitabls mate

polyvimide, of which a thickness of

it to the foil bridge because

Howsgver, glulng is unsuitable forx
the extra layer of glue unnecessarily absorbs part of the energy ¢f the zhock

1

ne metal foll 71, arrowed at the logation ¢

i

the bridge 34, 1is in

33 and 66 by the contact surface Z7. The

strip 32 are shaped as shown in

14k shows the openings for t

he electrodes 33 and 66 in the insulation layer

support body 41 and

thus protects it from plasma sblation. The second insulating layer
a

41 of elsctrically conductive metallic

e e
gnablss one

materials. The material for making the asscond insulating layer 37 may again

ker materials may be advantagecusly used,

with the polymer strip 32 and foil 71 by

layer bstwesn the metal

&
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o
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P
7
D
he
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=
o
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=
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o
[

it protects the support plate 41.

moliybdenum, which

energy by adiusting the voltage of the capacitor and to triggeyr the spark gap

by means of the auxliliary trigger electrods BE.
Example €

riant embodiment shown in Fig. 13, where in the

Upper rt the r¥piece 10 is agaln shown in close contact with the polymer

w

to elsctrically isolate the workpiece from the
workplece from contamination by-

Y odus caunsad hy evaper ton of the ¥foil bridge and ablation of a portion
& : x B

of the first variant embodiment.



19

WO 2021/170156 PCT/CZ2021/000009

componants are drawn vertlica

is a gap hetwesn them in the figurs.

in the

et
ot
o
[
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the oppos:

b

id the electros

¢

A A AT ; o~ - 5 IR TR 1oy 0
aet rastrict acoessz to the workpisce 10,

electrades and thus significantly increases 1t rrvice £ suita

material is polvimide, polytetrafiucroethyleneg,

# I3

-

20 nred QT 23 T ¥y o LN PN 3 s e 4 NPT ] o o N
8¢ and 31 can be operated in alr at normal pressu

service 1if¥e of the slectrodes and insulators, it is very convenient to £ill

it with nitrogen to prevent oxidation of ths elactrocdes and the formation of
ozong, which attacks polymer parts. By increasing the working gas pressure,

Industrial uvtilization

ig particulariy applicable tco mechanical erngine

by
particular in the aerospace indugtry and in general where mechanically highly

stressed components are produced, where it
of workpleces, in particular nmetal ones, by

when the

impact of sm

plagtic deformations in the surface layer

a significant improvement in the

e final product, in an
increass in the mechanical, cavitation, adhesion and corroszion of

surface.




