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Hardening processes may be performed in an electric 
glow discharge of which the characteristic is that diffusion 
processes are accelerated in the ionized gas atmosphere, 
substances penetrating into the surface of the Work from 
the gas owing to the ion bombardment. The articles to 
be treated are commonly connected so as to operate as 
electrodes and will therefore be covered by a glow while 
being heated to a predetermined temperature when the 
energy conversion is properly adjusted. A wide variety 
of hardening treatments may be performed since it is pos 
sible to select the composition of the gas atmosphere 
accordingly, by way of example, a nitriding hardening 
treatment in gases containing nitrogen, a boron or silicon 
treatment in gas atmospheres containingboron or silicon, 
and the like. 
The basic conditions for the performance of surface 

treatments in a glow discharge are known. The energy 
conversion at the surface of the work to be treated is 
commonly selected so that the temperature is obtained 
during the glow discharge which is required for the specific 
process. Since the treatment is regularly performed in 
a cooled vacuum container, the parameters are, besides 
the electric voltage and the current required, the gas pres 
sure, the type of gas and the environment of the object 
to be treated, the latterowing to the transmission of heat 
influenced thereby, mainly by radiation, to the surfaces of 
the surrounding space. No difficulty is presented in sub 
jecting e.g. large objects, such as machine shafts, casting 
moulds and the like, to hardening by nitriding, by way 
of example in a nitrogen atmosphere, or in hardening the 
inner surface of long tubes. Norare there any material 
limitations, apart from certain extreme cases and from the 
fact that the object must be suspended from some point 
orbe conductively connected with some power supply in 
some manner so as to operate as an electrode, in respect 
of the shape of the work. The treatment of work units 
of which all surfaces must be treated and which may not 
possess an untreated point of suspension owing to their 
application, requires certain steps which will here be de 
scribed. At the same time, the new method also relates 
to the improvement of the treatment of parts of complex 
shape, the term “complex” here being employed to denote 
mainly a shape which comprises, besides solid geometrical 
configurations, very thin-walled eXtensions, ribs, points, 
hooks and the like or which is at the same time provided 
with bores of very different diameters, particularly where 
the absolute values of the dimensions are small. 
The difficulties in the treatment of Such parts in a glow 

discharge arise from the fact that energy must be sup 
i plied per unit area in order to obtain the predetermined 

; temperature for the performance of the diffusion process, 
which may, under certain circumstances, be too large and 
cause, in conjunction with the occurrence of the known 
hollow-cathode effect, certain portions to be overheated. 
It is therefore necessary on the one hand to reduce the 
glow load of such work and, on the other, to maintain 
the diffusion temperature required. Ithas therefore been 
proposed to employ external heating, i.e. to heat the work 
to a certain temperature e.g. by resistance heating, and 
then to apply only a relatively low-energy glow discharge 
to produce an ionized atmosphere and to start and accel 
erate the diffusion process. This method is basically prac 
ticable but it entails great practical disadvantages since 
the highly aggressive glow discharge which attacks any 
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2 
insulating body, vaporize metals etc., can hardlybe recon 
ciled with the design requirements of an extensive instal 
lation of heating elements, insulations, supports and the 
like. Where voltages are somewhat higher, glow dis 
charges will appear at the heating elements themselves 
since they, or at least their electric connections, are again 
located in the vacuum. In practice such arrangements 
have not been satisfactory. The position is entirely dif 
ferent when the method according to the present invention 
is applied, which resides in the fact that heat generation 
is effected-as usual with glow processes-by a corre 
spondingly effective gas discharge, while the energy sup 
plied for the work to be treated is divided into two por 
tions of which the larger is employed for heating while 
the smaller portion is applied direct to the work surface 
to produce an ion bombardment. It should here be 
pointed out that fundamental differences exist in respect 
of the known arrangements with external heatingby 
means other than glow discharges. While heating by 
means of a glow discharge has for its primary object the 
generation of heat, it also results in an ionization of the 
entire gas atmosphere employed which is sopronounced 
that entirely different conditions will obtain than with an 
arrangement which employs e.g. resistance heating. The 
performance of the envisaged hardening process is favour 
ably affected by the presence of stimulated conditions in 
the gases since an additional rigid separation of the heat 
ing operations from the present ionization processes of a 
predeterminedly lower energy is not performed in the 
method here discussed. Apart from the electrical condi 
tions, certain factors must be considered which relate to 
the uniform heating of all units. Accordingly, certain 
electrode arrangements are obtained which must answer 
all requirements, on theone hand in respect of heat gen 
eration and reflection, and, on the other hand, as regards 
the predetermined distribution of the glow loads. Related 
thereto are circuiting measures which are of importance 
mainly with the practically considered polyphase supplies. 
The method of hardeningwork units of complex shape, 

or work units requiring treatment on all sides, Which are 
connected so as to operate as electrodes in an electric 
glow discharge and heated by means of an electric gas 
discharge in anionized gas atmosphere in a cooled vacuum 
container, is characterized by the fact that the work is 
arranged under heat radiation within a portion of the 
vacuum container heated by the glow discharge, the said 
radiation being practically identical forall units, and then 
subjected to a glow load which is smaller than the energy 
required forheating to the temperature of treatment. The 
total energy required for generating and maintaining the 
temperature of treatment is applied by the glow discharge 
while only part of it is operative directly on the work, 
preferably approximately 10-50% while 50-90% is in 
directly employed for heating the work in that the heat 
liberated at auxiliary electrodes is transmitted to the Work 
by conduction and/or radiation. In order to heat the 
objects to be treated uniformly, a portion of the vacuum 
container employed is advantageousy separated from the 
rest of the container by a metallic wall, this wall being 
connected so as to operate as the electrode and heated by 
a glow discharge. Appropriate arrangement of the Work 
to be treated on the inside of this electrode will readily 
achieve sufficient uniformity of temperature distribution 
over all work units, a corresponding portion of the interior 
being kept free to accommodate a further auxiliary elec 
trode in the vicinity of the objects. In such spatial dis 
tribution, it is readily possible to supply, from the outside, 
a certain relatively large glow energy to the first auxiliary 
electrode and the inside electrode is supplied with a smaller 
energy relative thereto. This energy, which is obtained 
through a glow discharge and which therefore contributes 
to the heating of the objects, may be varied within wide 
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limits and it is generally bound to only the lower limit 
which is determined by the requirement that all surfaces 
to be treated must be covered by a glow. In this con 
nection, it should be mentioned that, with practically ap 
plicable processes and in the gas pressure range applicable, 
hardening treatment cannot be performed unless the sur 
face is at the same time covered by a glow. By Way of 
example, the well-known factis here mentioned that nitrid 
ing of a steel object will not occur in vacuum even When 
the temperature and the nitrogen supply are adequate. 

It is therefore a further characteristic of the method 
that the work is arranged within an electrode forming a 
hollow space, which is heated by a glow from the outside 
while another electrode produces, in the interior, a glow 
of such intensity that all surfaces to be treated are at least 
covered. 
The electrode defining the space portion accommodat 

ing the objects to be heated in its interiorand being heated 
outside by glow energy supplied to it may fundamentally 
be of any configuration. In practice, considerations arise 
which are determined mainly by the possibilities of arrang 
ing the work to obtain uniform glow coverage and indicate 
the shape of a cylinder symmetrical in respect to an axis. 
The distribution of both heat and glow can readily be 
checked and controlled. The cylindrical shape not only 
offers the advantages of a readily visible arrangement, it is 
also advantageous in respect of heat radiation to the out 
side towards the cooled walls of the vacuum container. 
If desired, the application of radiationshields for the pur 
pose of further reducing radiation losses may be readily 
solved thanks to the simple geometric conditions. The 
uniformity of heating of the work arranged inside is en 
sured in a hollow space having evenly heated walls, and 
one need only make sure that the objects are notarranged 
in the immediate vicinity of the openings of the larger 
exterior electrode required to position the interior auxil 
iary electrode. According to application, shape of the 
work, number of articles etc. the cylindrical electrode may 
also be closed at one end. A further characteristic feature 
is therefore found in the fact that the electrode is cylin 
drical and has at least one side thereof designed so as to 
have its end surface open while the work units to be 
treated are arranged at the inside wall of the cylinder, 
leaving free a marginal area in the vicinity of an open 
end surface. 

In such an arrangement it will thenbe possible separate 
ly to adjust the heating on the one hand, and the genera 
tion of the ionized gas atmosphere required for the hard 
ening process on the other, each at a different predeter 
mined power level. The heating power is supplied to the 
preferably cylindrical electrode from the outside and the 
additional glow energy for the generation of the ion bom 
bardment of the work units is supplied in their interior. 
This setting of the energies to be adjusted relatively is per 
formed by appropriate selection of the electric voltages 
applied between the electrode carrying the work and other 
exterior electrodes, preferably the container wall, and be 
tween the work and the interior auxiliary electrode. It is 
therefore characteristic that a larger voltage is applied be 
tween the vacuum container and the cylindrical electrode 
for the supply of the glow electrodes, and a smaller volt 
age between the work and a further auxiliary electrode 
adjacent to the work. 
The equipment for glow treatment may be supplied with 

either direct current or alternating current. Both types 
of operation are known. It has been proposed to em 
ploy both direct current and alternating current in a 
single recipient simultaneously or consecutively. From 
the practical point of view of securing economical opera 
tion, however, this procedure should not be recom 
mended. Direct-current operation assuch is quite useful 
since rectifiers of satisfactory efficiency can be designed. 
But in practice, direct operation with polyphase alternat 
ing current has proved to be effective on the one hand 
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4 
other, because the accommodation of a greater number 
of articles per batch is simplified. In addition, the entire 
electrode arrangement in the vacuum containers can be 
made simpler and more reliable in operation since addi 
tional auxiliary electrodes may be dispensed with While 
the vacuum container itself need not be used as an elec 
trode. A voltage supply system symmetrical to ground 
may be designed which is desirable in respect of both the 
behavior of the glow discharge in the recipient and safety 
considerations. The method is therefore further charac 
terized by the fact that, when the glow electrodes are sup 
plied with polyphase currents, a larger voltage is applied 
between the number of cylindrical electrodes, which corre 
sponds to the number of phases, containing the work, and 
a lesser voltage between the work units and the adjacent 
auxiliary electrodes. 
The technology of treating work in electric glow dis 

charges teaches that measures must be taken in order to 
secure a corresponding change in the treating gases. It 
is not sufficient merely to maintain a constant gas glow 
in the vacuum container; the convection, hardly present in 
negative pressure, at the parts to be treated must be ade 
quately supported in order to avoid a reduction of reac 
tive substances in the atmosphere of treatment. In this 
respect, a periodical change of the electrical operating 
data of the glow discharge has provento be exceptionally 
advantageous, and owing to the local variation of the gas 
temperature and ionization, a sufficient change in the gas 
is obtained. In the present arrangement of the work 
withina heating electrode, this step assumes particular 
importance, and the periodical variation of the glow dis 
charge inside on the work is most easily obtained, by way 
of example, by a rhythmically recurrent brief stoppage of 
the discharge. Since the energy supplied to the electrodes 
adjacent to the work units is preferably adjustable, the 
method according to this invention is further character 
ized by the fact that, in polyphase circuit arrangements, 
the supply of the auxiliary electrodes adjacent to the 
Work units is taken from an adjustable tap on the wind 
ings of a transformer and interrupted in cyclical permuta 
tion to obtain periodic intensity variations of ionization. 

Depending on the shape or size of the work it may be 
desirable not to provide several heating electrodes for 
the treatment and to employ only one large electrode in 
stead. Even so a polyphase A.C. operation is advan 
tageous withoutgoing to the length ofusinga rectifier and 
Supplying direct current. Such solutions are possible and 
have proved themselves in practice. It is therefore a fur 
ther characteristic feature of the invention that, with three 
phase arrangements, three exterior electrodes supplying 
the heating energy are provided opposite a single cylin 
drical electrode holding the work units in its interior, 
the said electrodes being connected to thephases and the 
cylindrical electrode being periodically connected, in cy 
clical permutation, to the individualphases. 
The particular advantage of the method according to 

this invention resides in the fact that bodies of compli 
cated shape, which are correspondingly subject to over 
heating, or bodies with surfaces easily damaged, may be 
treated with perfect results. In order to illustrate the 
difficulties arising in certain critical cases, mention is 
made of an example as encountered e.g. in the hardening 
treatment of Small sewing machines, office equipment etc. 
components. If such bodies cannot be suspended, e.g. in 
Wire loops, but are subjected to the action of the glow 
discharge While resting on a metallic support, it is easily 
possible for a cylindrical or spherical portion of an object 
to rest on a flat surface. Viewed geometrically, this will 
result in that all distances between zero and a magnitude 
depending on the absolute values of the dimensions are 
encountered from the point of contact between the two 
metal Surfaces of the support and of the cylinder or 
Sphere. It being known that the hollow-cathode effect 
between two electrodes of the same polarity in a glow 

because the Supply equipment is simpler and, on the 75 discharge may result in a substantial concentration of 
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energy, excessive heating may occurat a certain gas pres 
sure, or possibly only a locally limited injury to the sur 
face. The extent of these occurrences is determined by 
the amount of energy employed in the glow discharge. 
Since it is possible to reduce the glow load on the Work 
to a minimum, the undesirable damage to the Surface may 
also be avodied, the hardening process being maintained 
in the still ionized atmosphere owing to the temperature 
generated elsewhere and transferred to the work. While 
this condition must be met with sensitive work, a maxi 
mum degree of efficiency in the transformation of elec 
trical energy supplied should be sought in order to gener 
ate the temperature of the work. Means should there 
fore be employed which enable at leasta major portion 
of the glow effect to be converted at the points of the 
electrodes suitable for heating. Since the electrodes, and 
particularly the preferably cylindrical heating electrode 
which encloses the work units, may readily be of robust 
design and since possible surface effects need not be heed 
ed as is the case with the objects to be treated, this elec 
trode may be placed under a very high specific load. In 
this case, the hollow-cathode effect is advantageously uti 
lized by adequately designing the outer surface of the 
heating electrode. 
sure and electrode geometry being known for a given type 
of gas, the method is further characterized by the fact 
that the electrodes to which glow energy is supplied to 
heat the work have their surfaces provided with spaced 
hollows, such as bores, slots or grooves, or which the di 
mensions are adjusted, in view of the gas pressure applied 
in the treating chamber, for the formation of holloW 
cathode effects. 

In connection with the cited example of small cylindri 
cal and spherical bodies, a further practical problem 
arises, i.e. the treatment of Such parts on all sides. The 
work units are commonly suspended from wire loops or 
slipped over corresponding supports where bores are pres 
ent. These methods cannot be applied to work of which 
al surface areas must be subjected to a hardening treat 
ment. This condition can be met only if the parts are 
kept in motion in the glow discharge so that all points, 
includingthose used to rest on the electrodes, are consecu 
tively subjected to the glow light. In such arrangements 
the work units assume continuously changing positions 
relative to the other units and to the Supporting elec 
trode. Consequently it is impossible to avoid areas with 
relative distances between electrodes of similar polarity 
which cause substantial concentrations of energy in the 
slit-type spaces at the gas pressure present. Even if they 
are of a temporary nature only and will vanish when the 
work changes its position, they may cause a reduction of 
the surface quality of sensitive parts. This problem, too, 
may be solved by the present method in which too high a 
glow load is not reached. Perfect results may be ob 
tained especiallywhere the moving work units are treated 
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I FIG. 1 diagrammatically shows a vacuum container 
1, the usual means of producing the vacuum by Suction 
at 2 and the supply of controlled quantities of fresh gas 
at 3 not being shown in greater detail. The heating elec 
trede which carries and encloses the work units is shown 
as a cylinder cut open. In this embodiment, the cylinder 
has its top end open while its lower end is closed by the 
base plate 5, leaving a central opening. For the Sake of 
clarity, a sector of the cylindrical hollow Space is cut 
away so that the space portion 6 in Which e.g. a plurality 
of small work units may be accommodated on Suitable 
supports becomes more clearly visible. Arranged adia 
cent to this space portion 6, in the present case centrally 
in the longitudinal axis of the cylinder, is an auxiliary 
electrode 7. Provided in the lid of the vacuum container 
1 are two insulating current lead-ins 8 and 9 Which at 
the same time perform the function of a supporting struc 
ture for all interior elements in the container and Which 
are protected against the destructive influences of the 
glow discharge by means of the gap arrangements known 
per se. The circuit outside the vacuum recipientis com 
plemented by the two voltage sources diagrammatically 
indicated at 19 and 11. In the present case these are two 
A.C. sources, but D.C. may also be supplied in which 
case only certain conditions in respect of polarity must 
be complied with. In the operation of this arrange 
ment, the following conditions obtain: the voltage source 
10 is connected between the heating electrode 4 and the 
wall of the vacuum container 1. The glow formed at 
the electrode 4 will preferably spread, owing to the elec 
trode geometry, over the outside of the cylindrical holloW 
body and, depending on the gas pressure applied, at best 
cover the outside of the end surface 5 and a Small mar 
ginal portion on the inside of the top opening of the 
electrode 4. The energy supplied, which canbe adjusted 
by the electrical voltage applied, is selected in such a 
manner that the hollow electrode 4 will assume the pre 
determined temperature for the hardening process to be 
performed. As the work units are arranged within the 
hollow space of the electrode 4, they will assume the same 
temperature as the electrode wall since the metal-to-metal 
contact between the points of contact will transferheat 
on the one hand while the heat radiation inside the hollow 
space is largely uniform and provides for adjustment on 
the other. In order to ensure a practical degree of uni 
formity, care must be taken that the heating zone 6 suited 
to the work units will leave free the marginal portions 
of the hollow space which are characterized by an ex 
cessive heat radiation to the outside. The example ac 
cording to FG. 1 therefore shows that a larger marginal 

i portion is kept free towards the free end surface on top 

55 
on all sides. It is therefore a further characteristic feature 
that the cylindrical heating electrodes are arranged in the 
vacuum container soas to be rotatable or periodically 
swivelable, which causes the work units to assume chang 
ing positions relative to the wall. 60 
A number of embodiments of the invention are repre 

sented in the drawings in which: 
FIG.1 is a diagrammatic view of a basic arrangement 

x of the electrodes and workunits; 
FIG. 2 shows an example of a simple design of an 

installation with a polyphase supply; 
FIG. 3 shows an example of the circuit arrangement 

necessary for polyphase operation using three treatment 
electrodes with work units; 

FIG. 4 is a circuit example for an arrangementforpoly 
phase operation which employs only one heating elec 
trode, and 

FIG. 5 shows two examples of the design of the wall of 
the electrode which encloses the work units in order-to 
obtain the maximum energy conversion. 

65 

70 

75 

while the heating zone 6 is closely approached towards 
the closed end surface 5 and, respectively, that the space 
for the accommodation of work pieces may be directly 
utilized as far as this end surface. This example has 
been selected to illustrate conditions in open or closed, 
or party closed arrangements, and it should in this con 
nection be mentioned that FIG. 1 does not show the cor 
rect relationship between the length and the diameter of 
the cylindrical hollow space, for the sake of clarity. In 
practice, a longer cylinder would be employed. Again, a 
bottom completely closed and a closure wall having an 
opening similar to the end surface 5 shown, would pro 
vide particularly uniformheating and, respectively, radia 
tion conditions for a heating zone which could thenbe 
more extended. The temperature distribution for work 
units will, in accordance with the factors now discussed, 
be readily controlled in all cases of practical application, 
and the absolute value of temperature is adjusted by 
means of the glow discharge. In order that the work 
units may be subjected to a hardening treatmentrequires, 
as has been stated above, the maintenance, apart from 
the temperature, of an ion bombardment, i.e. the work 
units themselves must be covered by a glow on the sur 
faces to be treated. To this end the second auxiliary 
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electrode 7 is provided which is adiacent to the work 
units and which passes a voltage to the work piece Which 
is supplied by the generator 11. This voltage should be 
high enough for the work units to be covered by a glow 
at least on the surfaces to be hardened. With the geo 
metrical arrangements disclosed and in application of tWo 
different voltages, it is readily possible to maintain the 
practical operating conditions required. Naturally two 
separate A.C. sources would not be employed in prac 
tice with the embodiment selected, but e.g. two adjustable 
taps on the secondary winding of a transformer, the 
center tap point being connected with the heating eiec 
trode. If D.C. is supplied, the hollow heating electrode 
With the Work units accommodated in its interior Would 
form the cathode in respect of the wall of the recipient 
and of the auxiliary electrode 7, which would therefore 
constitute an auxiliary anode. 
To clarify conditions, some figures are cited for a 

nitriding hardening process to be performed, by way of 
eXample, in a gas atmosphere containing nitrogen. The 
steel bodies to be nitrided are located in the interior of 
the electrode which forms the heating chamber, and ar 
ranged in such a manner that a portion of the space 
around the auxiliary electrode located adiacent to the 
Work units remains free. Experience in the art shows 
that the spacing is not by anymeans critical, which is par 
ticularly advantageous if the said continuous change in 
the position of the work units due to the movements of 
the heating electrodes is applied for the treatment of all 
surfaces. After filling the container with a gas, nitrogen 
by way of example, a 50/50 nitrogen-hydrogen mixture, 
or cracked ammonia, or ammonia, a gas pressure of 
2-50 Hg, advantageously of 3-5 Hg is produced. When 
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a voltage is applied between the heating electrode and 
the auxiliary electrode located inside, a glow will appear 
on the work units and in their vicinity, and if its intensity 
is such as safely to cover the work, a temperature of ap 
prox. 180°-280° C. would be produced in the interior of 
the heating electrode without additional energy supply. 

These data refer to the usual conditions in respect of 
packing the work and cooling, which is again dependent 
on the radiating surface of the outside of the heating elec 
trode. For the performance of a nitriding process, the 
work units must be heated to a temperature between 500° 
and 600° C., and the principal portion of the heating 
energy must be additionally supplied to the heating elec 
trode. For this purpose, the glow is generated on the out 
side and the energy transfer between this electrode and 
the container wall here forming the auxiliary electrode is 
raised so that nitriding temperature is obtained. The 
energy supplied may be determined in accordance with 
simple principles since it is known that the radiated heat 
with the steel materials exclusively used is in the mag 
nitude of 1..5 watts per cm2. In order to maintain the 
temperature permanently, the same specific energy must 
be supplied as well. This constitutes the entirety of the 
determining factors, but it may be stated that the voltages 
to be applied are in the range between 400 and 550 volts, 
the energy converted commonly amounting to many kw. 
depending on the size of the heating electrodes. The 
energy supply according to the present principles applies 
to the usual design of the vacuum container with cooled 
walls. However, the design of the recipient may also 
provide for partial cooling only, by way of example where 
the Seals against the outside atmosphere are located. The 
application of reflecting radiation screens is possible as 
well. In such cases the above magnitude of 1..5 watts 
does not apply to the specific energy, but a value reduced 
in accordance with the prevailing conditions. 

Under practical operating conditions, the process is 
performed not with single-phase A.C. or D.C., but with 
polyphase A.C., preferably three-phase current. FIG. 2 
is an example of the simplest possible circuit. It shows 
only the electrode arrangement and the principle of 
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8 
power supply without indicating the vacuum container 
which is naturally present. According to the three-phase 
arrangement, three cylindrical heating electrodes 12, 13 
and 14 are provided of which the essential design cor 
responds to the details shown in FIG. 1. These three 
electrodes are connected to the three phases of a star 
circuit transformer 15, 16 and 17. The full interlinked 
voltage is applied between the three cylinders which, 
among themselves, operate as glow electrodes. It is 
therefore not necessary to include additional auxiliary 
electrodes or the container wall in the circuit. Under 
these operating conditions only the heat radiation im 
pinging on the wall is transmitted to the outside and no 
electrical energy is converted as a loss on the wall of the 
recipient. In order to produce a low-energy glow dis 
charge on the work units, the interior electrodes 18, 19 
and 20 are provided which are jointly connected to the 
neutral point 21. This results in that the phase voltage 
is applied between the cylinder 12 and the electrode 18, 
and between 13 and 19 and, respectively, 14 and 20, the 
said voltage being smaller by the factor 

1 

V3 
than the interlinked voltage of the individual heating 
electrodes relatively to one another. It has been found 
that this procedure causes the minimum-but adequate 
glow effect to be obtained on the work units inside the 
heating electrodes. The further advantages of this ar 
rangement reside in its symmetry to the vacuum container 
and, accordingly, to ground. The entire gas atmosphere 
in the container possessing considerable conductivity 
owing to ionization, it is hardly possible, in the event of 
pronounced asymmetry, to avoid currents which flow 
from the electrodesto the container wall, which is metallic 
throughout, and thence back to the other electrodes. The 
example here shown therefore constitutes a simple ar 
rangement, dependable in operation, of a polyphase sup 
ply. 

FIG. 3 shows a circuit diagram for a three-phase power 
supply employing three cylindrical heating electrodes 
as in FIG. 1 and provided with some facilities required 
in practical operation. Three electrodes 22, 23 and 24 
are shown in cross-section, the space portions in their in 
terior, which are suitable for accommodating the work 
units, being marked by hatching. In contradistinction to 
the previous example, the auxiliary electrodes 26, 27 and 
28 arranged in the interior are not jointly connected to 
the neutral point of the three-phase system but, via three 
Switches, to the taps 29, 30 and 31 of the secondary wind 
ings 32, 33 and 34 of the three-phase transformer. The 
heating electrodes are connected to further taps 35, 36 and 
37 of the same transformer winding. This circuit ar 
rangement shows that the voltage between the objects and 
the auxiliary electrodes is not limited to one value but 
may be varied within wide limits. With this arrangement, 
it is presupposed as usual that the associated taps are 
jointly and simultaneously displaced on all three trans 
former legs. It should further be pointed out that not 
only the voltage range may be covered at the ratio be 
tween zero and phase voltage 

1. 

V3 
as might be assumed from the diagram, but that still 
larger voltage differences may be obtained between the 
auxiliary electrode and the heating electrode if the taps 
29, 30 and 31 are not connected to the same phase as 
the associated cylinders, but applied to a cyclically per 
muted other phase. The interior electrodesare connected 
to their respective connections via contactors 38, 39 and 
40. The latterare actuated by a suitable switching mem 
ber, e.g. an electronic impulse generator 41, actuation 
being performed periodically in a uniform rhythm. Dif 



9 
ferent possibilities are available therefor; by way of ex 
ample, the arrangement has proved satisfactory in which 
two of the contactors are closed and one opened, this 
condition changing cyclically in order to create, on an 
average during extended periods, identical conditions for 
all three phases. This arrangement causes, by Way of 
example, a glow to be present on the objects to be treated 
for two seconds at one-second intervals. This rhythm 
is continuously repeated. The periodical changes in 
ionization cause a parallel volume alteration in the gas 
portions involved, this effect being at the same time sup 
ported by thermal effects. Partial volume and pressure 
changes, however, result in corresponding displacements 
of gas volumes, appropriate mixing and, respectively, the 
necessary supply of reactive substances to the work units 
treated. This periodical change in the operating data 
of the glow discharge has proved satisfactory in practice 
and greatly contributes to the uniformity of the results in 
the hardening processes to be performed. Further possi 
bilities of variations are not described in greater detail; 
the supply of the heating electrodes may, by way of eX 
ample, be incorporated in the pulsing operation. 

FIG. 4 shows a circuit diagram of the possibilities pre 
sented if only one heating electrode is to be used with 
polyphase supply, by way of example if a plurality of 
work units or units of large dimensions are to be han 
dled. As in the other figures, the three-phase supply is 
here indicated only by the secondary winding of a trans 
former, the primary winding beingomitted. The three 
windings 42, 43 and 44 are connected to three auxiliary 
electrodes 45, 46 and 47 which face a cylindrical heating 
electrode 48 at a suitable distance and which are shifted 
by 120°. As in the previous examples, the work units 
are accommodated in the interior of the electrode. Ar 
ranged opposite to them is the inner auxiliary electrode 49 
which is connected, as in FIG. 2, to the neutral point 50. 
Naturally, this arrangement may be extended by em 
ploying other circuit designs. The heating electrode 48 
may be connected to the phases via three contactors 51, 
52, 53 while an electronic impulse generator 54 ensures 
that only one contactor is closed at a time. The three 
contactors 51, 52 and 53 are again controlled by the unit 
54 in cyclical permutation and actuated at short intervals. 
This arrangement provides that two of the auxiliary elec 
trodes 45, 46 and 47 conduct the full interlinked voltage 
to the heating electrode at any given time, the cyclical 
permutation ensuring an entirely uniformheating of and, 
respectively, glow effect on the said electrode. 
As stated previously, it is desirable preferably to pass 

the heating energy supplied to that electrode which is used 
to heat the work units in its inner hollow space. The 
utilization of the hollow-cathode effect proves to be 
favourable in respect of both the radiation conditions and 
the operatively desirable use of low electrical voltages. 
FG. 5 shows two embodiments of the design of the 
wall of the heating electrodes. Utilization of this effect 
is obtained merely by providing bores 56 in the wall 55 
which are regularly spaced in order to provide for uni 
form heating of the electrode. This method may be ap 
plied if the wall is formed of sheet metal which is not 
toothin since a useful degree of the hollow-cathode effect 

s. depends on a length of the bore which is not too small. 
To give figures as an example, an effect canbe obtained 
within the ranges of the gas pressure previously given pro 
vided that the thickness of the sheet metal is above 3 mm. 
and the bore has about the same diameter or does not 
exceed 4 mm. where heavy sheet metal is employed. 
Small bores should be used where it is e.g. preferred to 
provide the cylindrical electrode with grooves applied 
from the outside, this method of manufacture being sim 
pler, particularly where the wall thickness is greater. 
There are still simpler methods of designing the Wall. 
By way of example, many types of perforated sheet metal 
are available commerciallywhich are provided with regu 
larly spaced openings over their surface, the Wall portions 
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of the said openings being parallel or substantially par 
allel and possessing suitable dimensions. The right-hand 
portion of FIG. 5 shows a cross-section of an embodi 
ment as manufactured and sold commercially under the 
name “expanded metal” or the like. The sheet metal 
portions 57 seen in cross-section are parallel in an area 
which may be utilized for the present purpose. The hol 
loW spaces are present in regular distribution throughout 
the surface. The example is naturally not limited to this 
embodiment; any structure may be employed which is 
provided with hollows of adequate dimensions. 
We claim.: 
1. A method of treating metallic work pieces at an ele 

vated temperature by means of an electric glow discharge, 
comprising the steps of: placing said work pieces in an 
ionized gas at subatmospheric pressure; substantially sur 
rounding said work pieces with at least one electrode; 
creating a first high-energy electric glow discharge on said 
electrode to heat the same whereby only a part of the 
heat energy necessary for creating said elevated tempera 
ture is radiated to said work pieces; and creating a low 
energy electric glow discharge on those surfaces of said 
work pieces which are to be treated to produce ion bom 
bardment, penetration thereof and the remainder of the 
heat energy necessary for creating said elevated tempera 
ture. 

2. The method defined in claim 1 wherein said elec 
trode is a hollow body, said high-energy glow discharge 
being on the outer surface thereof, said low-energy glow 
discharge being between the inner surface of said body 
and said work pieces. 

- 3. In the method defined in claim 2 wherein said body 
is a hollow cylinder having at least one open end, the 
further step of holding said work pieces in said cylinder 
at a substantial distance from said open end. 

4. The method of claim 2 including the further steps 
of confining said gas, electrode and work pieces in a con 
ductive container; said high energy discharge being pro 
duced by applying a first high voltage between said con 
tainer and electrode; said low energy discharge being pro 
duced by applying a second and lower voltage between 
said electrode and said work pieces. 

5. The method of claim 1 including the further steps 
of producing said high energy discharge by polyphase cur 
rent; providing a plurality of said surrounding electrodes, 
equal in numberto the phases in said polyphase current; 
placing some of said work pieces in each electrode; con 
necting each phase of said current to a respectively differ 
ent electrode; and producing said low energy discharge 
between said work pieces and a further electrode associ 
ated with each surrounding electrode. 

6. The method of claim 5 including periodically inter 
rupting the voltages for said high energy discharge, cycli 
cally in phase with said polyphase currents. 

7. The method of claim 1 Wherein said electrode is a 
single cylindrical body having said work pieces therein; 
said high energy discharge being produced between said 
cylindrical body and three separate electrodes external 
thereto; and applying three-phase voltage to said three 
electrodes, an individual phase being applied to each ex 
ternal electrode. 

8. The method of claim 1 including the step of pro 
viding the surface of said surrounding electrode with a 
multiplicity of openings to provide local hollow-cathode 
effects at the particular pressure of said gas. 

9. The method of claim 1 including the step of rotating 
said work pieces to expose different surfaces thereof to 
radiantheat and to said low energy discharge. 

10. A method accordingto claim 1 in which said metal 
lic work pieces are hardened in an ionized gas atmosphere 
by ion bombardment. 

11. A method according to claim 10 in which the ion 
ized gas atmosphere contains a member selected from the 
group consisting of nitrogen, boron and silicon. 
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12. A method according to claim 1 in which the metal 
lic work piece is made of steel. 
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