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1. λ method for the aurfaco treatment of a metal
workpiece characterized in that there is generated between 
a major exposed portion of an anode and successive 
restricted areas of a first surface of said workpiece 
acting as a cathode a vacuum arc discharge having an arc 
current which is not substantially less than 50 amp. and 
having a positive voltage-current gradient.
20. Apparatus for the surface treatment of a metal
workpiece comprising an enclosure means for generating a 
vacuum in said enclosure; first means for controlled 
introduction of gas into said enclosure; at least one 
anode; second means for displaceably supporting said 
workpiece constituting a cathode in Said enclosure and 
third means for applying an arc generating voltage between 
said anode and said cathode; characterized in that there is 
provided fourth me'ans for restricting said arc discharge to 
successive restricted areas of a first surface of said 
workpiece so as to provide a positive voltage-current 
gradient in use; fifth means for ensuring a substantially 
uniform arc distribution on said anode; and sixth means for 
effecting a relative displacement between said workpiece 
and said anode in a given direction.
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36, Apparatus for the treatment of the inner surface
of a cylindrical metal workpiece, characterized in that it 
comprises means for establishing a vacuum in said 
workpiece; an anode displaceable within and along the 
length of said workpiece, electric contacts in contact with
an external surface of said workpiece and displaceable with 
respect to said workpiece in synchronism with said anode so 
as to restrict the arc discharge to successive restricted 
areas of the inner eurface and to provide positive voltage- 
current gradient in use; and means for passing gas through 
said workpiece in the direction of displacement of said 
anode so as to establish a gas pressure gradient in said 
direction.
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The following statement is a full description of this 
invention, including the best method of performing it known 
to me/us:
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Improvements in the treating of metal surfaces
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FIELD OF THE INVENTION
This invention relates to the treatment of metal surfaces 

such as the cleaning (for example, the removal of scale, oxidized layers, 
contaminants and the like) of such surfaces, the thermal treatment and 
the coating thereof.

BACKGROUND OF THE INVENTION
The treatment of metal surfaces for the purposes of 

cleaning, and so as to allow for the subsequent treatment and coating, 
preferably by vaporization of the thus cleaned and treated surfaces, have 
long been known and various mechanical and/or chemical means have 

been proposed to carry out this cleaning.
It has been found in many cases, and in many applications, 

that such mechanical and/or chemical cleaning processes are either 
ineffective in achieving the required degree of cleaning, or involve the 
use of expensive and coimplicated equipment and may, in fact, give rise 
to damage to the surfaces being treated.
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It has been proposed to clean the surface of a metallic object 
by subjecting it to a vacuum, arc discharge wherein the metallic object 
constitutes an effective cathode. Such proposals have, for example, been 
made in U.S. Patent Specification No. 4,534,921, British Patent Specifica
tion No. 2086788 and in a paper by V.E. Bulat and M.Kh. Esterlis - 
"Removing Scale, Oxide Films and Contaminants from Metal Components 
by Vacuum Electric Discharge", Fizika i Khimiya Obrabotki Materialov, 
Vol. 21, No. 3,1987, pp 49-53.

In this paper, it was explained that such a vacuum arc 
discharge takes place between the anode and discrete locations on the 
cathode known as cathode spots, and that these spots move at random on 
the surface of the cathode. The phenomenon of the production of 
cathode spots in vacuum arc discharges in general has been described in 
detail in "Vacuum Arcs: Theory and Application, J.M. Lafferty, Editor; 
Wiley 1980".

The nature and characteristics of the cathode spots in 
vacuum, arc discharges have been described in some considerable detail 
in "The treatment of metal objects by electric erosion" by I. Nikoshevitz, 
Nauka Technico, Minsk 1988. In this book it is suggested that the cathode 
spots can be considered as falling into two main categories, namely:
(a) spots having a mean diameter of more than 1 mm and which travel 

at a mean speed which is less than 100 cm per second - such spots 
being hereinafter referred to as "large, slow-moving (LS)" cathode 
spots, and

(b) spots having a diameter of less than 1 mm and travelling at a 
speed greater than 100 cm per second - such spots being hereinafter 
referred to as "small, fast-moving (SF)" cathode spots.

These characteristics of size and movement of the cathode 
spots has also been investigated inter alia by the present inventor, and this 
in the context of the voltage current characteristics of the vacuum arc 
discharge. Thus, it has been shown that the voltage current characteristic 
can consist of successive rising and descending portions, i.e. portions

30
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having positive and negative gradients. The inventor has shown that in 
the initial stages of the arc discharge, and with a small anode-cathode 
spacing, the arc extends from a single or a very limited- number of 
cathode spots to a very limited area of the anode. Increasing the arc 
current is accompanied by an increase in the arc resistance and, as a 
result, it is accompanied by an increase in the arc voltage. In conse
quence, in this initial stage of the arc discharge the arc voltage current 
characteristic has a positive gradient.

When, however, as a consequence of further increase of arc 
current, the number of cathode spots increases and, as previously 
indicated, they move randomly around the entire cathode surface, the 
volume of the arc increases substantially and, as a consequence, the vapor 
density in the arc decreases sgi^iJficantly and with it the arc resistance. 
As a consequence, the arc voltage current characteristic passes into a 
negative gradient portion.

If now, however, the vapor density in the arc rises beyond 
a specific critical value, for example by a continued increase in the arc 
current and consequent increase vaporization of the cathode surface, it 
has been shown that the arc voltage current characteristic passes once 
more into the positive gradient region.

It has furthermore been shown, inter alia by the present 
inventor, that passage of the voltage current characteristic from the 
negative gradient portion to the positive gradient portion can be achieved 
by ensuring that the volume of the arc discharge, or its cross-seectonal 
area, does not exceed a certain critical value seeing that this carries with 
it the consequence that the vapor density in the restricted arc volume is 
relatively high. In other words, this transition from the negative to the 
positive gradient for the voltage current characteristic is achieved with 
increasing arc current whilst maintaining the arc cross-section sub:^t^j^i^i^ial- 
ly conssant or being reduced.

Now in view of the fact that the action of the arc on the 
surface to be treated takes place invariably in the region of the cathode

30
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spot, the fact that the cathode spots move randomly over the surface to 
be treated must give rise to a non-uniform treatment of the surface.

An attempt to overcome these problems arising out of the 
random movement of the cathode spots on the cathode surface is

5 described in European Patent Application No. 0 468 110 Al, wherein
there are disclosed means for directing the movement of the cathode spots 
on the cathode surface in a desired direction. It is, however, repeatedly 
stressed in the European patent application that the arc which is 
generated has a voltage current characteristic having a negative gradient

10 and it is furthermore clear that these negative gradients arise in view of 
the fact that the mode of applying the arc voltage between the cathode 
and electrode is such that the arc occupies a maximum volume with a 
correspondingly maximum cross-seettonal diameter.

It has now been discovered that treating a cathode surface
15 with an arc discharge having such negative gradient voltage current 

characteristics carries with it certain distinct disadvantages, among which 
are the facts that the treatment is time-consuming and uneconomical.

The present invention, on the other hand, is based on the 
surprising discovery that when the surface to be treated is subjected to a

20 vacuum arc discharge having a positive voltage current gradient and with 
an arc current sufficiently high (greater than 50 amperes), an increased 
efficiency of surface treatment of the cathode surface can be achieve.

• · · ■• · *
• · · «• · ·

25

• · ·

BRIEF SUMMARY OF THE INVENTION

According to the present invention there is provided a
method for the surface treatment of a metal workpiece wherein there is 
generated between a major exposed portion of an anode and eucceesive 
restricted areas of a first surface of said workpiece acting as a cathode, 
a vacuum arc discharge having an arc current which is not substantially 
less than 50 amp. and having a positive voltage-current gradient.

With the method in accordance with the present invention, 
it is ensured that the arc is maintained, for as long as is necessary, in a
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stable regime and that there are created in each restricted area a signifi
cant number of LS cathode spots. Because of their relatively large size 
and slow movement, they are more effective in uniformly treating, for 
example, cleaning that restricted area before a succeeding restricted area 
is exposed to the discharge. By ensuring that the arc is generated 
between the restricted area and a major exposed portion of the anode, 
undesirable fusion of the anode (which would take place if the discharge 
were concentrated on a small area of the anode) is avoided. By imparting 
a relative movement between the workpiece and the anode, and by 
ensuring that there is a minimal spacing between the anode and the 
restricted area between which and the anode the arc discharge is to be 
established, it is ensured 'that successive restricted areas of the workpiece 
are treated, for example cleaned, and in this way a uniform treatment or 
cleaning of the entire surface of the workpiece is achieved.

In order to ensure that the arc discharge between the anode 
and the particular restricted area disposed at a minimum distance 
therefrom has a positive voltage current gradient, it is preferably 
arranged that each restricted area associated at that time with the arc 
discharge is assorted with a low resistance region of the workpiece. 
This can be achieved, for example, by ensuring that the arc voltage is 
applied to a second and opposite surface of the workpiece by one or more 
contacts which define a particular surface portion, the portion being 
opposite and substantially coextensive with the particular restricted area. 
Alternatively, that region of the workpiece assoccated with the particular 
restricted area can be cooled so as to create the low resistance region.

An alternative means of ensuring that the arc discharge is 
generated between the particular restricted surface area is by elcccromag- 
netically irradiating that area, thereby heating the area and causing a 
certain degree of thermionic emission which is conducive to the restric
tion of the arc to this area.

A still further means for ensuring that the arc is struck 
between the anode and the restricted surface area is to have juxtaposed

I
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with respect to the particular restricted area an electrically insulated 
body having elements thereof in electrical contact with the particular 
restricted area.

In all cases, by ensuring that the arc is struck exclusively 
5 between a specific restricted surface area and the anode, and that the arc 

voltage current characteristic displays a positive gradient with an arc 
current greater than 50 amps, the arc discharge is relatively highly 
concentrated in a minimal volume and there are formed on the restricted 
surface area a plurality of LS cathode spots which are particularly

10 effective in uniformly and economically treating the particular restricted 
surface area.

It will be realized that whilst LS cathode spots are concen

trated in the particular restricted surface area being treated SF spots are 

also produced. In order to ensure that these SF cathode spots move in a
15 predetermined direction which is preferably in the direction of treatment 

of the workpiece, the generating voltage is additionally applied to the 
workpiece via one or more auxiliary contacts located downstream in 
respect of the given direction. Preferably between 85 to 95% of the total 
arc current flows through the restricted surface area with the remainder

20 flowing through the auxiliary electrodes. Thus, whilst the specific 
restricted area is being effectively treated by the LS cathode spots, a 
downstream region is being subjected to SF spots. These SF spots are 

effective in providing a preliminary surface treatment to that area of the 
workpiece between the specific restricted area and the region of the

25 auxiliary contacts and in this way there is facilitated the subsequent, 
major treatment of the surface once the relative displacement of the 
workpiece with respect to the anode is effective in locating the restricted 

area in the region already preliminarily treated.
Where the surface treatment which has just been described

30 is used for the preliminary cleaning of the workpiece, additional means 
may, as required, be provided for coating the workpiece by a vaporization 
technique. Thus, a vaporizing electrode can be included in the enclosure
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which can, for example, either be resistance heated so as to vaporize 
coating material for deposition on the workpiece after it has been 
preliminarily cleaned in the manner described above. Alternatively, 
additional arc discharge means can be provided for effectively heating

5 the vaporizing electrode so as to cause its effective vaporization.
The invention also involves the provision of apparatus for

carrying out the method in accordance with the invention.
In order to ensure that the arc discharge is uniformly

distributed around the exposed surface of the anode, it is proposed to
10 form the anode of an outer and an inner body, the inner body having a 

higher electrical conductivity than the outer body, the arc voltage being 
applied between the workpiece and the inner body whilst the arc 
discharge being generated between the outer body and a restricted area 
of the workpiece. With the generation of the arc discharge, the region of

15 the outer body associated with the discharge becomes heated, thereby 
increasing the electrical resistance thereof and the arc therefore 
automatically moves to a relatively cooler lower resistance region of the 
outer body, and in this way the arc is regularly distributed across the 
exposed surface of the outer body.

20 Preferably, the anode is of annular shape, thereby facilitat
ing the uniform treatment of an elongated workpiece which is passed 
therethrough.

Preferably, in the case of treatment of flat surfaces the 
anode is formed of outer and inner substantially coaxial cylindrical

25 bodies in close electrical contact, means being provided for imparting a 
continuous or intermittent rotational displacement to the anode.

BRIEF DESCRIPTION OF THE DRAWINGS 

;·,·% For a better understanding of the present invention, and to
9 9

30 show how the same may be carried out in practice, reference will now be 

made to the accompanying drawings, in which:
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Fig. 1 is a schematic representation of the type of apparatus for 
surface treatment of a metal workpiece to which the basic concepts of the 
present invention are to be applied;

Fig. 2 shows schematically the use of a vacuum arc discharge in the 
progressive cleaning of an elongated article;

Fig. 3 shows schematically the application of one embodiment of 
an arc discharge in accordance with the invention;

Fig. 4 shows schematically the application of a further form of arc 
discharge in accordance with the present invention;

Fig. 5 shows schematically the application of a still further form 
of arc discharge in accordance with the present invention;

Fig. 6 shows on an enlarged scale a cross-sectional view of an 

anode used in the arc discharge apparatus in accordance with the present 
invention;

Fig. 7 shows schematically a portion of a further form of anode, 
together with a moving workpiece, all in accordance with the present 
invention;

Fig. 8 is a side elevation of a further form of anode for use in an 
arc discharge apparatus in accordance with the invention;

Fig. 9 is a schematic representation of a further embodiment of 
apparatus in accordance with the present invention, for treating an 

elongated moving object;
Figs. 10a, 10b and 10c are views on an enlarged scale of differing 

variations of a detail of the apparatus shown in Fig. 9;

Fig. 11 is a schematic representation of a further form of apparatus 
in accordance with the invention, for the treatment of the inner surface 
of an elongated, tubular object;

Fig. 12 is a schematic representation of apparatus in accordance 
with the present invention, for the cleaning and coating of an object;

Fig. 13 is a schematic representation of a further form of apparatus 
for cleaning and coating an object, utilizing arc discharges for both 

purposes;

30
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Fig. 14 snows schematically the effect on a vaporizing element of 
differing applications of an arc discharge; and

Fig. 15 is a schematic representation of a portion of an apparatus 
in accordance with the present invention, for the coating of an irregularly

5 shaped object.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference will first be made to Figs. 1 and 2 of the drawings, 
which shown schematically the type of apparatus for the surface 
treatment of a metal workpiece to which the basic concepts of the present 
invention are to be applied.

As seen in Fig. 1 of the drawings, the apparatus comprises 
an enclosure 1 communicating via an appropriate valve 2 with a vacuum 

pump 3 by means of which a suitable vacuum can be created in the 
enclosure 1. The enclosure 1 is furthermore provided with an inlet port 
4 which communicates via a valve 5 with a source (not shown) of gases 

for introduction into the enclosure 1. An anode 6 is juxtaposed with 
respect to a cathode 7 (the latter schematically representing the work

piece to be treated) and they are respectively provided with electric 
conductors 8, 9 which extend sealingly through the housing 1. An electric 
supply source 10 is connected via a switch 11 and a resistor 12 across the 

conductors 8, 9 and in parallel via a resistor 13 and a switch 14 to a 
trigger electrode 15 whose tip is interposed between the anode 6 and the 
cathode 7.

With the housing 1 evacuated by means of the vacuum 
pump 3 and with the introduction of appropriate gases via the inlet port 
4 at a suitably low pressure, the closing of the switches 11 and 14 results 
in the trigger electrode 15 triggering off an arc discharge between the 

anode 6 and the cathode 7, whereupon the switch 14 can be opened.
The action of the arc discharge whic. . is established between 

the anode 6 and the cathode (workpiece) 7 is effective in carrying out 
surface treatment of the cathode such as, for example, the removal of

30
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scale therefrom. In order to ensure that the arc discharge is restricted to 
the opposed surfaces of the anode 6 and cathode 7, both electrodes are 
provided with suitable shields ba and 7a.

Fig. 2 shows schematically the use of a vacuum arc discharge 
5 in the progressive cleaning of an elongated object 17 such as, for example,

a pipe, a wire or a sheet. In this case, the elongated object 17 which 
passes sealingly through an evacuated housing 18 constitutes an effective 
cathode, the housing being provided with a valve-controlled gas inlet port
19 and a vacuum evacuation port 20.

10 An anode 21 is located above the elongated workpiece 17
and is provided with a conductor 22 which extends through the housing 
18 to be connected to the positive pole of a voltage source (not shown). 
A further conductor 23 extends sealingly through the housing 18 and, at 
one end thereof, is coupled to the negative pole of the voltage source and,

15 at the other end thereof, is coupled to a contact 24 which establishes 
electric contact with the object 17 whilst allowing for relative movement 
of the object 17 with respect to the contact 24. The object passes through 
an appropriate screen 25 whose function i‘s to limit the spread of the arc 
discharge.

20 As previously explained, the establishment of a vacuum arc
discharge between the anode and cathode, without taking special 
measures to restrict the arc discharge to restricted areas of the cathode 
surface, results in the production, over an expanded area of the cathode 
surface, of cathode spots which move about on the cathode surface in an

25 mtirely random manner and, in consequence, such an art discharge is not
conducive to the uniform treatment of the cathode surface. Furthermore, 
as explained above, this operation of the arc discharge is characterized by 
having an arc voltage current characteristic having a negative gradient.

The present invention is based on the discovery that much
30 more effective uniform treatment can be obtained when the arc discharge

operates with its voltage current characteristic having a positive gradient 
and this with an arc current not less than 50 amperes and with the arc
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discharge substantially uniformly distributed over the . osed portion of
the anode.

Furthermore, it was discovered thr i, in order to operate with 
such a positive gradient arc voltage current characteristic, it is necessary 
to limit the volume and in consequence the cross-section of the arc whilst 
increasing the arc current, and thereby increasing the vapor density in the 
arc with a consequent rise of resistance. This is achieved, in accordance 
with the invention, by arranging for the arc to be generated at any 
particular time between a major exposed portion of the anode and a 
restricted area of the workpiece. Furthermore, as previously indicated, 
one mode for arranging for the confining of the arc to such a restricted 
area is to create low resistance regions in the workpiece, which regions 
are respecltively assodated with the desired restricted areas.

Figs. 3,4 and 5 show schematically how such restricted areas 
are formed by the creation of low ressstance regions. Tuus, as seen m Fig. 
3 of the drawings, an elongated workpiece 31 which passes sealing^ 
through an evacuated enclosure (not shown) constitutes a cathode which 
is juxtaposed with respect to an anode 32. The latter is connected to the 
positive pole of an electric voltage source (not shown). The negative pole 
of the electric voltage source is electrically connected to the workpiece 31 
via a conductor 33 and a multi-point contact 34, e.g. a ring-like contact, 
which contacts that surface of the workpiece 31 opposite the surface 
exposed to the anode. The region of the workpiece assodated with the 
surface thereof defined by the multi-point contact 34 is etsnntially a low 
resistance region (as compared with the remaining portions of the 
workpiece) and this region will therefore be assodated with a restricted 
surface area of the workpiece exposed to the anode. The arc discharge 
will preferably be created between this restricted surface area and the 
anode. Insulating screens 35, 36 are provided so as to ensure that arc 
discharges do not spread in undesirable directions. As can be seen, the 
arc discharge which is generated between the major exposed portion of 
the anode and the restricted area opposite the multi-point contact 34 is

I
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of restricted cross-section and is effected in the region of the closest 
possible spacing between the workpiece and the anode.

By so confining the arc discharge to the restricted surface 
area, the vapor density in the arc discharge increases. As a consequence, 
the arc discharge voltage current characteristic has a positive gradient 
and it is found that there are formed on the restricted surface area a 
plurality of LS cathode spots which give rise to a uniform treatment, i.e. 
cleaning, of the restricted surface area. With the continuous or intermit
tent displacement of the workpiece 31 in the direction of the arrow, the 
displacement taking place with reference to the fixed anode 32 and multi
point contact 34, successive restricted surface areas are displaced into the 
minimum distance region vis-dvis the anode and are subjected to the 
action of the LS cathode spots which form thereon. Thus, successive 
restricted surface areas of the workpiece are treated and the workpiece 
surface as a whole is uniformly subjected to the action of the arc 
discharge. Thus, the direction of treatment of the workpiece is opposite 
the direction of relative displacement thereof vis-dvis the anode.

It will be understood that, whilst LS cathode spots are 
formed on the restricted areas, significant numbers of SF cathode spots 
are generated and, if no steps were taken, these SF cathode spots which 
move out of the restricted surface area would move about at random on 
the workpiece surface. In order to control and direct the movement of 
these SF cathode spots, arrangements such as those shown s^lh^i^i^tiically 
in Figs. 4 and 5 of the drawings are adopted. Thus, for example, as shown 
in Fig. 4 the negative pole of the voltage supply is connected, in parallel 
with the multi-point contact 34, to a contact 37 upstream of the multi
point contact 34 with respect to the direction of relative displacement. 
By virtue of this arrangement it is found that, at the same time as the LS 
cathode spots are effectively treating the restricted surface area, the SF 
cathode spots move along the surface towards the contact 37, effecting a 
preliminary treatment of the region between the multi-point contact 34 
and the contact 37. In this way there is facilitated the subsequent

30
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thorough treatment of this region by the LS spots once the movement of 
the workpiece will have brought the successive surface areas into the 
region of the arc discharge.

Fig. 5 shows a further elaboration of this idea, in which a 
further auxiliary contact 38 is connected in parallel with the multi-point 
contact 34 and the auxiliary contact 37 at a position still further upstream 
of the workpiece 31 with respect to the direction of relative displacement, 
thereby ensuring that even the fastest moving of the SF cathode spots are 
directed in a required, predetermined direction, thereby effecting 
preliminary treatment of the surface prior to the major treatment thereof 
by the major portion of the arc discharge.

Thus, in the case of the embodiments shown in Figs. 3,4 and 
5 of the drawings, preliminary treatment (for example, cleaning) of the 
workpiece 34 will take place by virtue of the directed SF cathode spots 
and final treatment will be effected by means of the LS cathode spots.

In practice, it is recommended that between 85% - 95% of 
the total arc current at any time flows through the multi-point contact 
which creates the restricted surface area being treated, whilst between 
5% -15% of the total current flows through the auxiliary electrodes.

Reference will now be made to Fig. 6 of the drawings for a 
description of the construction of the anode 32. This anode comprises an 
outer body 39 in which is embedded an inner body 40. The anode 32 is 
surrounded, except for its front portion, by a screen 41 through which 
screen there extends insulatingly an anode contact 42 to be connected to 
a positive pole of a voltage source. Whilst the inner body 40 is formed 
of a highly conductive material such as, for example, copper, the outer 
body 39 is formed of a relatively less conductive high refractory material 
such as, for example, ctainless steel, inconel or the like. With an anode 
constructed in this fashion, the portion of the surface of the main body 
39 of the anode acted on by the arc discharge heats up and, as a result, 
the electric resistance therein increases and the arc automatically shifts 
to another portion of the surface of the anode which has remained cooler,
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seeing that this portion exhibits a lower resistance path to the inner body 

40. This procedure continues, resulting in the continued uniform 

distribution of the arc discharge over the exposed surface of the anode 

and thereby reducing the likelihood of the fusion of the anode and 

contributing to its relatively long durability. As can be seen, the inner 

body 40 is apertured for the passage therethrough of a cooling fluid, 

thereby enhancing the cooling of those portions of the outer body 39 

which at any particular instant are not being heated by the arc discharge.

In the embodiment shown in Fig. 7 of Ue drawings, an 

annular anode 43 is located within an annular screen 44 with the 

elongated workpiece 31 displaceable in the direction of the arrow, through 

the annular screen 44 and annular anode 43. If now the workpiece is 

rotated about its longitudinal axis within and with reference to the anode 

43 and, at the same time, the workpiece 31 is displaced axially through the 

anode 43, the treated restricted surface areas will form an effective spiral 

path about the workpiece 31 with the resulting effective surface 

treatment of the entire workpiece 31.

The example just given is just one of various examples in 

which restricted surface areas are generated in a direction substantially 

normal to the direction of displacement of the workpiece as a whole.

The workpiece 31 is furthermore provided with a sleeve-like 

screen 45 designed to limit the regions of the workpiece between which 

and the anode the arc discharge can extend. On the other hand, as can 

be seen, the screen 45 is provided with narrow, elongated grooves 46 

allowing for the entry of SF cathode spots through these grooves onto 

upstream portions of the workpiece with respect to the direction of 

displacement of the workpiece, so as to facilitate their treatment.

These grooves 46 extend from a leading end of the sleeve 45 

(i.e. the end adjacent the anode 43) and terminate at an intermediate 

portion of the sleeve 45. The SF cathode spots enter the grooves 46 and 

are effectively trapped therein. If now the screen 45 is rotated about its 

longitudinal axis with respect to the workpiece 31 whilst, at the same
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time, the workpiece is displaced axially through the anode 43, the trapped 
SF cathode spots will form an effective spiral path about the workpiece 
with the resulting effective preliminary treatment of the entire workpiece 
31.

Alternatively, and where the workpiece is of relatively 
sheet-like construction, a flat, electrically insulated screen can be 
employed which is formed with similar grooves to those descr . b· :d above 
with reference to the sleeve-like screen. In this case, the screeen is 
displaced normally to the relative direction of displacement of the 
workpiece and the SF cathode spots trapped in the grooves treat the 
surface when being displaced normally to this relative direction of 
movement. This results in effective (uniform) preliminary surface 
treatment of the workpiece 31.

In the embodiment shown in Fig. 8 of the drawings, designed 
specially for use with extended sheet-like workpieces, a cylindrical anode 
47 is provided. The anode 47 comprises an outer tubular member 48 
made of a high refractory material and an inner tubular member 49 
made of a very low resistance material. The anode 49 is rotatable (either 
continuously or intermittently) about a central axle through which a 
coolirg fluid can flow and which also serves as an electrical conductor by 
means of which and a conductive brush 51 the anode can be connected to 
a voltage supply (not shown). The anode 47 is furthermore provided with 
surrounding screens 52 serving to limit the spread of the arc discharge.

Extending through the screen 52 is a scraper rod 53 having 
drive means 54 and which serves to detach from the anode surface 
accumulated evaporated or otherwise deposited materials.

Whilst in the arrangement just described the restricted 
surface areas are assoccated with low resistance regions generated by the 
multi-point contact with the workpiece, such low resistance areas can be 
created, for example, by cooling the particular regions assoccated with the 
restricted surfaces, thereby lowering their electrical resistance.
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An alternative mode for generating the restricted surface 

areas between which and the anode the arc discharge is concentrated, is 

to irradiate these areas with appropriate electromagnetic radiation such 

as, for example, laser radiation. The consequent heating of these areas 

by the radiation results in a certain degree of vaporization and subse

quent ionization which facilitates the arc discharge between these areas 

and the anode. It will be realized, however, that in order to counteract 

the heating of the workpiece region associated with these areas as a result 

of the radiation, the regions themselves should be additionally cooled.

A still further mode for ensuring the confining of the arc to 

a restricted surface area is to form fine indentations on the surface prior 

to or during the arc treatment and the presence of those indentations 

serve to restrict the movement of the LS cathode spots. These indenta

tions can be formed initially along the longitudinal extent of the 

workpiece for the guiding of the SF cathode spots and normally thereto 

for the concentration of the LS cathode spots.

An alternative, or additional, mode for ensuring that the arc 

is confined to a region between a restricted surface area and an anode, 

is to position, adjacent the restricted surface area, an electrically insulated 

body having teeth thereof in successive electrical contact with the 

restricted area. The actual contact of these teeth with the restricted area 

of the workpiece and the movement of the workpiece with respect to 

these teeth gives rise to a degree of sparking which, in turn, results in the 

confining of the arc discharge to the restricted surface area in which 

sparking takes place. Additionally, the teeth are effective in trapping the 

cathode spots.

The use of such an electrically insulated body is schematical

ly illustrated in Fig. 9 of the drawings. As seen in this figure, an 

elongated object 57, such as a wire or the like, is subjected to vacuum arc 

discharge cleaning. For this purpose, the object 57 is longitudinally 

displaced in good electrical contact with a plurality of conductive rollers 

58 which are, in their turn, connected to the negative pole of a voltage
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source. The object 57 passes through a slotted, rotatable tubular screen 

59 before passing through an annular anode 60 which, in its turn, is 

connected to the positive pole of the voltage source. The anode 60 is 

provided with tubular screening 61 so as to prevent the generation of arc 
discharges in undesired portions of the workpiece 57 and the anode 60.

Juxtaposed with respect to the workpiece 57 and in close 
proximity with the anode 60 is an insulated body 62 from which depend 
electrically conductive teeth 63 which are in electrical contact with the 
object 57.

In operation, the contact of the teeth 63 with the moving 
object 57 traps the cathode spots and gives rise to sparking and, as a 

consequence, the sparking region becomes a restricted surface area 
between which and the anode 60 a relatively confined arc discharge is set 

up. The restricted area is effectively cleaned by the arc discharge. At the 
same time, the teeth 63 bearing on the object 57 and the continued 
displacement of the object 57 with respect to the teeth 63 give rise to a 

mechanical cleaning action which effectively supplements or completes 
the cleaning action effected by the arc discharge.

It will be realized that whilst the action of the teeth 63 on 
the surface of the object 57 serves to define the restricted surface area 
between which and the anode the main arc discharge is confined, 
significant numbers of SF cathode spots will tend to move in the direction 
of the rollers 58. By ensuring that the speed of displacement of the object 
57 substantially equals the mean speed of displacement of these cathode 
spots in the opposite direction, it can be ensured that the bulk of the LS 
cathode spots remain substantially stationary, whilst those SF cathode 
spots which nevertheless proceed in the direction of the rollers 58 effect 
preliminary cleaning treatment of the object.

The mean speed of movement of the cathode spots V for an 
object having uniform scale thickness cm be given by the relationship

V = V0.e'«
where Vo is constant for the material being treated
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(e.g. for steel Vo = 102 cm/sec) 
k is an empirical coefficient = 0.44 

t is thickness of scale in pm.
Fig. 10 of the drawings shows three alternative embodiments 

5 of the insulated body. As seen in Fig. 10a, the insulated body comprises
an insulated holder 66. having a set of flat tipped teeth 63a. In the
embodiment shown in Fig. 10bt the teett 3bt art pomtdd. In the
embodiment shown in Figt 10c. the holder 62 is formed wtth eecth
retainers 65 in which are fitted removable teeth 66 which are spring

10 biased by springs 67 into contact with the object to be treated. With this 
embodiment the teeth 66 can readily be replaced a> required.

The teeth can, as indicated, be formed of an electrically 
conductive material or, alternatively, the teeth can be formed of an 
insulating material which can be rendered conductive by the deposition

15 thereon of electrically conductive material. Preferably, the teeth are 
spaced apart by an amount (e.g. 0.5 - 5 mm) such as to trap the LS 

cathode spots and therefore to confine the arc.
Where the teeth are designed essentially for confining the 

arc and/or surface chaining, they can be formed of any suitable
20 electrically conductive, relatively hard, material. Where, however, and 

as to be explained in greater detail below, the teeth are designed for 'use 
for arc confining and/or the mechanical treatment of a coated surface, 
then the elements should be formed of a softer material such as, for 
example, the coating material or the material of the workpiece. The

25 materials for the teeth can be chosen in accordance with the purpose of 

treatment.
The teeth can be employed in creating the indentations 

normal to the direction of treatment of the object whilst carrying out 
their other functions. These indentations serve to concentrate the LS

30 cathode spots.

There is illustrated in Fig. 11 of the drawings an alternative 
arrangement for the concentration of the LS cathode spots in the
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restricted surface areas and for the controlled movement of the SF 

cathode spots. In this arrangement, an elongated tubular object 71 such 
as, for example, a pipe is to have its inner surface treated for the purpose 
of cleaning by the generation of a vacuum arc discharge between an 
anode 72 and the inner surface of the object 71. In this arrangement, the 
object 71 is sealed at either end thereof by means of appropriate seals 73, 

74. The object is suitably evacuated so as to generate a vacuum therein, 
whilst the sealing means 74 is provided with a gas inlet 75 and the sealing 
means 73 is provided with a gas outlet 76.

The anode 72 is coupled by coupling means 77 to the 
positive pole of a voltage source, which coupling means also serves for 
displacing the anode 72 axially through the object 71. In good electrical 
contact with the outer surface of the object 71 are a plurality of contacts 
78 which, in their turn, are designed to be collected to the negative pole 
of the voltage source. The contacts 78 are ; ranged to be displaceable 
around the outer surface of the object 71 in a substantially spiral path 
from one end of the object adjacent the sealing means 74 to the opposite 
end of the object 71 adjacent the sealing means 73. The displacement of 
the contacts 78 is in synchronism with the axial displacement of the 
anode 72.

With a constant low gas pressure throughout the tubular 
object, i.e. with no gas flow therethrough from the inlet 75 to the outlet 
76, an arc discharge 79a is concentrated between the anode 72 and me 
restricted surface area opposite the contacts 78. Under these circumstanc
es, however, SF cathode spots will move at random over the remaining 

surface of the tubular object and do not therefore contribute to any 
desired preliminary treatment of the surface. With, however, a continu

ous gas flow through the tubular object from the inlet 75 to the outlet 76, 

a pressure gradient is built up in the tubular object, i.e. the pressure 
steadily reduces from the region of the inlet 75 to the outlet 76 and under 
these circumstances there is produced a tail portion 79b of the discharge, 
in which tail portion the SF cathode spots move in a predetermined
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direction, thereby giving rise to the preliminary treatment of the surface. 
This preliminary treatment facilitates the subsequent full treatment by 
virtue of the main discharge being between these pre-treated areas and 
the anode 72.

Whilst in the embodiments specifically described above the 
controlled movement of the SF cathode spots has been in the direction of 
treatment it can, as has been indicated, be arranged for this controlled 
movement to be substantially normal to the direction of treatment.

The maximum dimension (in a direction normal to the 
direction of treatment) of any treated zone (i.e. region of effective 
cathode spots) can range between 5-250 mm for a single arc. Where the 
object is being simultaneously treated by a plurality of arcs, the sum total 
of these maximum dimensions should lie within a range which is a sum 
of the individual ranges for each arc.

When, as described above, the apparatus is used for cleaning 
the surface of the workpiece, e.g. the removal of scale therefrom, the gas 
pressure in the vacuum chamber is chosen in accordance with the 

thickness of the scale to be removed. E.g.
with scale less than 1 pm thickness, a maximum gas pressure 
of about 100 PA is used;
with scale between 1-5 pm thickness, a maximum gas 

pressure of about 5 PA is used;
with scale greater than 5 pm thickness, a maximum gas 
pressure of about 5.10'1 is used.

The gas pressures can either relate to the residual air 

pressures or to any suitable gas pressure.
As indicated above, the method and apparatus in accordance

I
with the present invention are of particular utility in connection with the 
coating by vaporization of metal surfaces. This particular application of 
the present invention will now be described with reference to Figs. 12 
through 15 of the accompanying drawings.
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As seen in Fig. 12, an enclosure 81 is coupled to a vacuum 
pump 82, thereby ensuring the creation of a vacuum in the enclosure 
having a low gas pressure capable of sustaining a vacuum arc discharge. 
An elongated object 83 whose surface is to be cleaned and coated is 
supported, by means not shown, within the enclosure 81 and is provided 
with means (not shown) for the translational displacement thereof along 
its longitudinal axis and for the rotation thereof about its longitudinal 
axis. The elongated object 83 is coaxial with a central bore of an annular 
anode 84 provided with suitable screening 85. The object 83 which 
constitutes an effective cathode is electrically connected at contact 86 to 

the negative pole of a voltage source 88. The positive pole of the voltage 
source 88 is connected, on the one hand, via a resistor 89 to the anode 84 
and, on the other hand, and in parallel, via a resistor 91 to an auxiliary 
trigger electrode 92. Juxtaposed with respect to the object 83 is an 
insulated metal body 93 in which is located a replaceable unit 94 from 
which depend conductive teeth 95. The body 93 is associated with drive 
means 96 by means of which the body can be displaced along the surface 

of the object 83.
Located within the enclosure 81 and directed towards the 

object 83 is a source 97 of electromagnetic radiation, for example a laser 
source, from which a beam of electromagnetic radiation can be directed 

onto a restricted surface area of the object 83 adjacent the anode 84.
Located within the enclosure 81 directly below the object 83 

is a vaporizer 98 coupled to a voltage source 99 via a switch 100 and on 
which is located a vaporizable element 101 constituted by the material to 
be vaporized and to form the coating on the object 83. Vaporization of 
the element 101 takes place as a result of the resistive heating of the 
vaporizer 98 upon closing the switch 100.

In operation, the object 83 is longitudinally displaced into 
the vicinity of the anode 84 and a restricted surface area thereof is 
irradiated from the radiation source 97, thereby heating this surface area 
and giving rise to a limited vaporization thereof and/or thermionic
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emission therefrom. The vaporized layer becomes ionized under the 
influence of the radiation. The generation of ions in the region of the 
restricted surface area and/or the thermionic emission serve to attract the 
arc discharge thereto. The use of the electromagnetic beam of radiation 
for this purpose is only necessary in the initial stages of the production 
of the arc discharge, after which the radiation can be switched off. The 
arc is maintained in the restrict 1 surface area and in subsequent 
restricted surface areas, by virtue of the fact that the conductive teeth of 
the insulating body are located in contact with these areas, thereby 
ensuring that the arc discharge continues to be directed to the relevant 
restricted areas.

The elongated object 83 can thereupon be cleaned by being 
subjected along its entire length and periphery to the effect of the arc 
discharge, which successively treats successive restricted surface areas 
thereof. The cleaning treatment uy the arc discharge can be supplement
ed or completed by mechanical cleaning by the teeth 95. It will be 
realized that, as in the previously described cases, the main treatment is 
effected by the arc discharge acting on the successive restricted areas, and 
this by virtue of the LS cathode spots active in these r ' .as. Auxiliary 
preliminary treatment is effected by virtue of the fact that the SF 
cathode spots are directed towards the contact 86, thereby providing 
pre.iminary cleaning of the object which is then completed by means of 
the main arc discharge.

The provision of the additional mechanical cleaning is of 
particular importance in view of the following circumstances. The 

movement of the SF cathode spots towards the contact 86 creates 
elongated clean paths having widths which compare with the mean 
widths of the SF cathode spots and lie in the range of 0.3 to 1 mm. 
Bounding these paths are effective raised ridges of contaminants, scale or 
the like and the existence of these ridges tends to impede the effective 
cleaning of the surface by the following LS cathode spots. In point of 
fact, the presence of these ridges can give rise, upon the passage of the LS
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spots, to non-uniform, undesirable fusing of the paths already cleaned by 

the SF cathode spots. If, however, these regions, which have already been 

subjected to the preliminary cleaning action of the SF cathode spots, are 

subjected to mechanical cleaning by the teeth which can easily remove

5 them, then the subsequent passage thereover of the LS cathode spois is 

effective in uniformly cleaning the surface without any undue danger of 

fusion.

Furthermore, by ensuring that the teeth 95 of the insulated 

body 93 are spaced from each other b> between about U.5 - 5 mm, these

10 elements can serve as virtual traps for the cathode spots which are caused 

to discharge between the elements, and in this way the mechanical 

cleaning of the object is accompanied by an improved electrical cleaning 

thereof.

With the completion of the cleaning of the object 83, the

15 latter can be subjected to thermal treatment by the action of the same arc 

discharge, this thermal treatment resulting in the strengthening of the
• «ί« ·
• surface of the object 83 and controlling its surface characteristics.
• · · ·
.... Simultaneously with, or intermittently with, the thermal
• · · ·. a, treatment of the objec: S3, the latter can now be coated by the resistive
**,*, 20 heating of the vaporizer 98 (by closing the switch 100), as a result of

whkn the vapor souice 101 is vaporized and vapor is deposited on the 

object 83 which is rotated about its longitudinal axis. Where the thermal
• · · ·
J * .* treatment is carried out simultaneously with the vaporization, it is

• · · ·
·..· ζ possible to produce a high quality coating layer, characterized by an

.... 25 increased adhesion of the coating layer to the metal surface.« · β
The coating of the object 83 can be carried out simulta

neously or intermittently with a mechanical treatment of the coating by

• means of suitable teeth. For this purpose, the teeth should either be

formed of the same material as the coating or of the same material as the

30 object to be coated.

It will be appreciated that where relatively thick coatings 

are to be deposited on the object 83, the f ocess described above, namely
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thermal treatment and deposition of initial coatings, followed by 
subsequent thermal treatment and deposition of coatings, can be repeated 
sufficient times to produce the required thickness of coating.

During the thermal treatment of the object, it is important 
to ensure that the object does not reach a temperature higher than the 
annealing temperature thereof, and for this purpose the object can be 
coupled to a thermocouple, which can be employed to control the degree 
of heating. Furthermore, during the coating of the object, the application 
of the coating can be controlled by the interposition, as desired, between 
the vaporizer and the object, of a removable screen.

Whilst in the embodiment described above with reference 
to Fig. 12 of the drawings vaporization takes place as a result of the 
electrical resistive heating of the vaporizer 98, in accordance with a 
further embodiment of the present invention vaporization is effected by 
subjecting the vaporizing element to a vacuum arc discharge. Such an 
embodiment is ^^lh^e^i^lLie^lly shown in .Fig. 13 of the drawings.

As seen in this figure, an object 105 is coupled to a voltage 
somce (not shown). The right-hand end of the obeect 105 ss endosed 
wirtm a sceeen 106 which seres, to limtt dee eeectric dsscharge and ss 
provided with slots (not shown). In addition, however, to the provision 
of an anode 107 between which and the object 105 the arc discharge is 
created for the purpose of cleaning, in the present embodiment an 
additional annular anode 108 is provided which is juxtaposed with respect 
to a vaporizing element 109 located within a vaporizer 110 and provided 
with an electrical conductor 111 which is coupled to a negative pole of a 
voltage source 112, the positive pole of whreC is electrically connected to 
the anode 108. In this way, the vaporizing element 109 constitutes a 
cathode and when a discharge is initiated (originally with an auxiliary 
trigger electrode 113) between the anode 108 and a restricted surface area 
of the vaporizing element 109 opposite the conductor 111, vaporization 
takes place with the resultant coating of the object 105.
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The advantages of ensuring vaporization by means of an arc 
discharge which operates on a restricted surface area of the vaporizing 
element 109, are illustrated in Fig. 14 of the drawings. Thus, in Fig. 14a, 
the negative voltage is applied to the vaporizing element 109 via a pair

5 of conductors 115 which contact the lower extremities of the element and, 
as a consequence, it can be seen that, as a result of the cathode spots on 
the vaporizing surface moving to the corresponding upper extremities, 
vaporization takes place non-uniformly. Where, as in the situation shown 
in Fig. 14b, the negative voltage is provided to a narrow contact 116

10 located centrally, a similarly undesirable form of vaporization takes 
place. Where, however, as shown in Fig. 14c of the drawings, the negative 
voltage is provided to the base of the vaporizing element via a ring 
contact 117 which defines a restricted surface area, then the provision of 
a corresponding restricted surface area on the upper portion of the

15 vaporizing element leads to a relatively uniform vaporization.
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Whilst in the arrangements described above treatment of the 
surface of a metal object serving as a cathode has been effected using a 
single anode, it is possible in suitable cases to increase the efficiency of 
treatment by employing a plurality of anodes having common or separate 
power sources. In this way, the object is treated by a plurality of arc 
discharges.

Fig. 15 illustrates the coating by vaporization of an 
irregularly-shaped object 120 such as, for example, a ratchet. For this 
purpose, two vaporizers 121,122 are positioned below the object 120 and 
are directed towards the object 120 in respectively oppositely-angled 
directions so that their vaporizing beams overlap and coat the object 120 
in opposite directions. In this way it is ensured that the object 120 is 
uniformly coated, despite its irregular shape.

It will be understood that in all the embodiments in 
accordance with the invention the arc discharges are maintained in a 
stable regime for as long as is necessary.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for the surface treatment of a metal
workpiece characterized in that there is generated between 
a major exposed portion of an anode and successive

5 restricted areas of a first surface of said workpiece
acting as a cathode a vacuum arc discharge having an arc 
current which is not substantially less than 50 amp. and 
having a positive voltage-current gradient.

• · · ·
• ·• ·• · · ·
• · · ·• ·• ·• ·· ·• ·• · ·• · ·• · · ·
····

• · a ·

• · · ·• · ·• · ·• ·
• · · 

• a · 
» · ·

2. A method according to claim 1, characterized in
10 that the successive restricted areas are respectively

associated with successive low resistance regiona of the 
workpiece.

3. A method according to claim 2, characterized in 
that an arc generating voltage is applied between said

15 anode and portions of a second and oppo - - ite surface of said 
workpiece via one or more contacts which define each of 
said surface port"'ns, which portions are respectively 
opposite and substantially coextensive with said restricted 
areas.

20 4, A method according to claim 2, characterized in
that regions of said workpiece respectively associated with 
said restricted areas are successively cooled so as to 
create said low resistance regions.

5. A method according to any one of claims 1 to 3,
25 characterized in that each of said restricted areas of said

workpiece is successively electromagnetically irradiated, 
thereby successively heating said areas.

6. A method according to any one of the preceding 
claims, characterized in that there is juxtaposed with

30 respect to successive restricted areas an electrically

»luflViatrkeop/46O77.G3.ep<6d 13.2.07
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Insulated body having teeth thereof in successive 
electrical contact with said restricted areas.

7. A method according to claim 6, characterized in
that relative displacement of said teeth with respect to

5 said workpiece effects mechanical treatment of said 
restricted surface areas.

β. A method according to claim 3, characterized in
that a relative movement is established* between said 
workpiece and said anode in a given direction wherein said

10 arc generating voltage is applied to said anode and said
second surface via one or more auxiliary contacts upstream 
in reepect of said given direction.

• · · • · · ·
····• ···

• · ·

• ·

9. A method according to claim 3, characterized in 
that a relative movement is established between said

15 workpiece and said anode in a given direction and wherein 
said arc discharge is successively generated between said 
anode and successive sets of restricted areas respectively 
located in directions transverse to said given direction.

10. A method according to claim 9, characterized in
20 that said arc generating voltage is applied to said anode

and said second surface via one or more auxiliary contacts 
displaceable in directions transverse to said given 
direction.

11. A method according to claim 1, characterized in
25 that a relative movement is established between said

workpiece and said anode at a speed substantially equal to 
a mean speed of movement of cathode spots produced on said 
surface and in a direction opposite to a direction of 
movement of Said cathode spots.

A method according to claim 1, characterized in

sUHfuen/ksep/46O77.03.8ped 112.97
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that it furthermore includes the step of forming on said 
workpiece indentations substantially normal to a given 
direction of relative displacement of said workpiece with 
respect to said anode.

5 13- A method according to claim 12, characterized in
that it furthermore includes the step of forming on said 
workpiece further indentations substantially in said 
direction.

14. A method according to claim 1, characterized in
10 that relative translational movement is established between

said workpiece and said anode in a given direction and 
wherein said'restricted areas are located upstream with 
respect to said given direction.• *• ·• · · ·

·*'... 15. A method according to claim 14, characterized in
.····. 15 that cathode spots are trapped in regions upstream with• ·
."*·♦, respect to said given direction and said restricted areas.• · ·• · · ·

• · · ·• · ·» · ·• ·

16. A method according to claim 15, wherein a 
relative movement is established between said workpiece and 
said trapped cathode spots in a direction substantially

20 normal to said given direction. .

17. A method according to any one of the preceding 
claims, characterized in that said treatment is for the 
cleaning of the surface of the workpiece.• ·

18. A method according to claim 1, characterized in
25 that it furthermore comprises the step of vaporizing a

coating material on to said surface.

19. A method according to claim 18, characterized in
that it furthermore comprises the step of heat treating 
said surface by means of said arc discharge simultaneously

rt»Wu»n,l«>opMeo77.83.«p«d 13.2.97
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or intermittently with said vaporizing step.

20. Apparatus for the surface treatment of a .metal
workpiece comprising an enclosure means for generating a 
vacuum in said enclosure; first means for controlled

5 introduction of gas into said enclosure; at least one 
anode; second means for displaceably supporting said 
workpiece constituting a cathode in said enclosure and 
third means for applying an arc generating voltage, between 
said anode and said cathode; characterized in that there is

10 provided fourth means for restricting said arc discharge to 
successive restricted areas of a first surface of said 
workpiece so as to provide a positive voltage-current 
gradient in use; fifth means for ensuring a substantially 
uniform arc distribution on said anode; apd sixth means for

"·. . . 15 effecting a relative displacement between said workpiece
. *· ·. and said anode in a given direction.

· · . 
• · 21. Apparatus according to , claim 20, characterized in

that said fourth means is designed to establish low 
resistance zones in the region of said restricted areas.

• ·• ·• · · · 20

25

22. Apparatus according to claim 21, characterized in 
that said fourth means comprise one, or more contacts 
applied to a second and opposite surface of said workpiece 
so as to define, second surface portions respectively 
opposite and coextensive with said restricted areas.

23. Apparatus according to claim 21, characterized in 
that said fourth means comprise cooling means for 
successively cooling regions of said workpiece so as to 
form said restricted areas.

24. Apparatus according to claim 20, characterized in that 
30 said fourth means comprises electromagnetic irradiation

means for successively irradiating said restricted areas.

R(df/uarLVaDp/44007.BBsfoci 20.2.B7
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25. Apparatus according to claim 20, characterized in
that said fourth means comprises an electrically insulated 
body having elements thereof in successive electrical 
contact with said restricted areas.

5 26. Apparatus according to any one of the preceding
claims, characterized in that there are furthermore 
provided at least one auxiliary contact in electrical 
contact with said second surface at positions thereof 
downstream with respect to a desired relative movement of

10 the arc discharge with respect to the workpiece.

27. Apparatus according to claim 20, characterized in
that there is furthermore provided seventh means for 
ensuring a substantially uniform preliminary treatment of 
said workpiece.

15 28. Apparatus according to claim 27, characterized in
that said seventh means is designed to retain and displace 
cathode spots normally to said relative movement of the arc 
discharge with respect to the workpiece.

29, Apparatus according to claim 28, characterized in
20 that said seventh means comprises an electrically insulated

screen placed adjacent to the surface to be treated in a 
manner to partially cover same and displaced normally to 
said given direction; the screen having on its inner 
surface a plurality of narrow elongated grooves terminating

25 at a short distance before the remote end of the screen 
with respect to the arc discharge.

30. Apparatus according to any one of the preceding 
claims characterized in that there is furthermore provided 
a vaporizing electrode juxtaposed with respect to said

30 workpiece; eighth means for heating said vaporizing ·
electrode so as to give rise to the vaporization thereof.

rtati/uarVk8on>/4i&077.S3.BfM>d 13..297
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31. Apparatus according to claim 30, characterized in 
that said eighth means comprises electric resistance 
heating means.

32. Apparatus according to claim 30, characterized in 
5 that said eighth means comprises an additional arc

discharge means utilizing said vaporizing electrode as an 
auxiliary cathode and provided with at least one auxiliary 
anode.

33. iratus in accordance with any one of the
10 precearx., ms, characterized in that said fifth means

comprises an anode formed of outer and inner bodies in 
close electrical contact, said inner body having a higher 
electrical conductivity than said outer body, means for 
applying said arc voltage between said workpiece and said

15 inner body, said arc discharge being generated between said 
outer body and a restricted area of said workpiece.

34. Apparatus in accordance with claim 30, 
characterized in that said outer an inner bodies are 
substantially coaxial and cylindrical, means being provided

20 for imparting a continuous or intermittent rotational 
displacement to said anode.

35. Apparatus in accordance with claim 33, 
characterized in that it is furthermore provided with 
scraper means adapted to bear on an external surface of

25 said outer body so as to detach therefrom material 
deposited thereon.

36. Apparatus for the treatment of the inner surface
of a cylindrical metal workpiece, characterized in that it 
comprises means for establishing a vacuum in said 
workpiece; an anode displaceable within and along the 
length of said workpiece, electric contacts in contact with

1^0(^^46077.93(̂ ,.0 12.2_97
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an external surface of said workpiece and displaceable with 
respect to said workpiece in synchronism with said anode so 
as to restrict the arc discharge to successive restricted 
areas of the inner surface and to provide positive voltage-

5 current gradient in use; and means for passing gas through 
said workpiece in the direction of displacement of said 
anode so as to establish a gas pressure gradient in said 
direc-ion.

• ·· ·
• · · ·

• · · ·
····

37. A method according to claim 3, specifically
10 intended for the treatment of the inner surface of a

cylindrical metal object, characterized in that it 
comprises the steps of

establishing a vacuum in said object; 
displacing an anode through said object in a

15 predetermined direction;
displacing cathode contacts in contact with said

object in synchronism with the displacement of said anode; 
and

establishing a gas flow through said object in 
P.O the direction of said displacement so as to establish a gas

pressure gradient in said direction.

38. Apparatus for the treatment of the inner surface
of cylindrical metal workpiece substantially as herein 
described with reference to the drawings.

25 39. A method for the treatment of the inner surface
of cylindrical metal object substantially as herein 
described with reference to the drawings.
DATED THIS 20TH DAY OF FEBRUARY 1997.
EL-PLASMA LTD

30 By its Patent Attorneys:
GRIFFITH HACK
Fellows Institute of Patent 
Attorneys of Australia
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A method and apparatus for the surface treatment of a 

metal workpiece which involves the generation between a major exposed 

portion of an anode and successive restricted areas of a first surface of

5 the workpiece serving as a cathode, a vacuum arc discharge having an arc 

current which is not substantially less than 50 amp. and having a positive 
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