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Serial No. 233,455

ALIEN PROPERTY CUSTODIAN

LIGHT METAL PISTONS

Bernhard Berghaus, Berlin-Lankwitz, and Wil-
helm Burkhardi, Berlin-Grunewald, Germany;
vested in the Alien Properity Custodian

Application filed October 5, 1938

In order to increase the life of pistons or to
increase the output of the engine attempts have
already been made to provide light metal pistons,
that is pistons made of aluminum or magnesium
alloys with metallic protecting layers. Attempts
have been made to apply the protective metal by
means of metal spraying pistols and by galvanic
means. The metal coatings obtained in this way,
however, do not meet the great demands put
upon the piston during running since they have
only slight adhering power and easily become de-
tached from the base material during running
whereby serlous stoppages may be caused if the
parts which have scaled off get between the slid-
ing surfaces. With pistons consisting mainly of
magnesium for example, it is impossible to apply
protective layers galvanically. These drawbacks
are avolded by the invention.

The Invention relates to a licht metal piston
which is characterised by the feature that it is
partly or wholly, and especially at the head of
the piston, covered with a metallic protective
layer, the basls of which is secured to the base
material by diffusion or formation of alloy.
The metallic protective layer may preferably have
a thickness of from 0.005 up to a few millimetres.
The application of the metallic layer is effected
preferably by cathode disintegration with a fill-
ing gas pressure of 3-0.01 mm, mercury. The
application of the metallic layer can also be
effected by thermal evaporation at a filling gas
pressure of 3-10—¢ mm. The metal layer may
conslst of varlous metals according to require-
ments. Thus, for example, 1t is advantageous to
apply to the piston head a protective layer of
sllver or copper to obtaln better conduction and
reflection of heat while, on the skirt of the piston,
in order to improve the running properties, layers
are applied which experience little wear during
running or even have a lubricating effect. The
metal layers applied according to the invention
are far better than the hitherto known protec-
tive layers as regards adhering power and are
able to stand up to the thermal and mechanical
stresses during running.

The inventian further relates to a light metal
piston of aluminium, magnesium or aluminium or
magnesium alloys for engines which 1s charac-
terized by the feature that it 13 partly or wholly
covered with one or more metal or metal alloy
layers applied by cathode disintegration or ther-
mal evaporation in vacuo. The metal or metal
alloy layer applied by cathode disintegration or
thermal evaporgtion in vacuo ls preferably al-
Joyed with the base material of the piston or
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partly or wholly diffused into the base metal.
The metal piston is further characterized by the
feature that the metal or metal alloy layer applied
by cathode disintegration or thermal evapora-
tion in vacuo is of a thickness of over g mm.
preferably 84q00 t0 oo mm. up to 1 or more mm.,
is flnely crystalline, of compact structure and
strongly adherent.

The invention further relates to a method for
making an engine piston of aluminium, mag-
nesium or aluminium or magnesium alloys which
is partly or wholly metallised on its surface and
which is characterised by the feature that the
covering material or the alloy is applied by means
of cathode disintegration or thermal evaporation
at reduced pressure or in vacuo. Also several
metal layers may be applied suceessively by cath-
ode disintegration or evaporation. The metallis-
ing of the light metal piston by cathode disin-
tegration or evaporation is preferably carried out
in a neutral or reducing atmosphere at pressures
below 50 mm. mercury, preferably hetween 5 and
10-% mm. mercury. It is particularly advan-
tageous if the metal or metal alloy layer applied
by cathode disintegration or evaporation is al-
loyed with, or diffused into, the piston, by the
piston being heated to the alloying or diffusing
temperature, preferably in the cathode disintegra-
tion or evaperation chamber 1tself, before, during
or after the cathodic metallising or evaporation.
The heating of the piston is preferably effected
by means of a gas discharge before, or after, the
cathode disintegration or evaporation, the tem-
perature of the piston being adjusted by varying
the discharge output or by altering the filling gas
pressure, The piston is subjected to the gas
discharge as a cathode, neutral or as anode.
In the cathode disintegration only a fraction of
the electrical energy supplied is utilised for dis-
integrating the cathode. The greater part is con-
verted into heat at the cathode and in the gas
space. The quantity disintegrated increases with
the discharge power supplied, but at the same
time also the heating of the cathode increases.
It is thus preferable to cool the eathode in order
that the greatest possible disinteprating power
may be applied. The energy released in the gas
space serves for heating the piston, In order to
obtain uniform heating of the piston the cathode
preferably surrounds the piston on all sides. The
cathode thus preferably liself forms the disin-
tegrating chamber or parts and is provided with
a cooling Jacket through which water flows. The
output at the discharge path is restricted by the
temperature to be lmparted to the piston. It has
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been found experimentally that the tempera-
ture of the piston can also be regulated by vary-
ing the pressure and the temperature is reduced
by inereasing the filling gas pressure and vice
versa. By correctly chooslng the pressure it is
thus possible to obtain an optimum disintegra-
tion output in the discharge path, and to reduce
the deposition time to a minimum. A suitable
constructional form is therefore one in which the
cathode forms the wall of the vessel which feeds
power from the discharge to the article uniformly
from all sides in order to obtain uniform heat-
ing, and is uniformly disintegrated.

According to the method of the invention any
metals or alloys can be applied to the piston by
the cathode disintegration or thermal evaporation
in vacuo and parts which are not to be metallised
are covered by a protective layer or a protecting
member, The metal layer applied to the metal
piston of aluminium, maghesium or aluminium or
magnesium alloys by cathode disintegration or
evaporation consists preferably of metals such as
chrominum, molybdenum, tungsten, iron, cobalt,
nickel, copper, silver, platinum, palladium, tin,
lead, aluminium, rhodium, cadmium, zine, vanad-
ium, tantalum, zirconium or the like, separately
or in any desired combination. If, for exambple,
only the head of the piston is to be metallised, the
slde wall of the piston 1s covered by a protective
sleeve or a suitably shaped disintegrating elec-
trode is used. The layers applied by cathode dis-
integration or evaporation are found to adhere
extremely strongly especially when in the alloyed-
on state, so that a plston thus covered not only
has a very high wear value, but also s protected
against the attack of acld condensates from the
combustion chamber. According to the melting
point of the metal which it 1s desired to apply it is
of advantage to Interpose intermediate layers of
other metals so that alloys of ternary or higher
systems are formed which can be more easlly
alloyed-on than the pure metal and on to which,
finally, the pure metal can he disintegrated or
evaporated. The piston skirt Is preferably coated
with copper, nickel, iron or chromium by cathode
disintegration or evaporation. It has been found
that silver and nickel as well as chromium applied
on the piston head by cathode disintegration or
evaporation are good heat reflecting materials
while, n the interior of the piston, in order to
radiate heat, preferably copper is applied by
cathode disintegration or evaporation, which
after the conclusion of the disintegration or evap-
oration, may be oxldised by introducing oxygen
into the cathode disintegration or evaporation
chamber, If it is desired to have metals of high
melting point at the surface it 1s particularly ad-
vantageous for anchoring the layer if intermedi-
ate layers are introduced which form alloys of
lower melting point with the piston material and
the metal of high melting point. The metals and
the temperatures to be used depend upon the de-
sired properties of the surface.

According to the method of the invention light
metal pistons of any desired composition and
construction of aluminium, maghesium or alu-
minium or magnesium alloys can easlly be met-
allised ag 1s shown by the following examples.

A light metal plsicn of the Nelson-Bohnalite
type of 77.5 mm. dlameter, for example, was coat-
ed on its surface by cathode disintegration with a
layer of coppet, the piston belng coated at & tem-
perature of about 450 to §50° C. Preferably at
the beginning and at the end of the deposition the
piston is brought for a short time to the diffusion
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temperature and in the Intermediate time the
metal is deposited upon the hot piston at a some-
what lower temperature, The deposition was
carried out in hydrogen at a pressure of 3 mm.
mercury. The disintegrating voltage was recti-
fled alternating voltage the effective value of
whilch was 700 volts with a disintegrating current
of 7 amps.

Further a light metal piston made of alloy con-
taining magnesium and of 77.5 mm. diameter was
coated on its surface by cathode disintegration
with a layer of silver, the metal piston being coat-
ed at a temperature of 450-500° C. Preferably at
the beginning and at the end of the deposition
the piston was for a short time brought to the
diffusion temperature and in the intermediate
time the metal is deposited on the hot plston at
a somewhat lower temperature. The deposition
is carried out in argon at a pressure of 1 mm.
mercury. The disintegrating voliage was a recti-
fled alternating voltage the effective value of
which was 700 volts at a disintegrating current
of Tamps. The heating of the piston to the alloy-
ing or diffusing temperature was effected in both
cases by gas discharge in the cathode disintegrat-
ing chamber. The copper or silver layer obtained
in this manner was extremely flrmly secured to
the piston material. ’

Further, e. g., a light metal piston of the Nelson-
Bohnalite type of 77.5 mm. diameter was coated
onh its surface with a layer of copper by thermal
evaporation in vacuo the piston being kept by a
temperature of ahout 450-550° C. Preferably at
the beginning and at the end of the evaporation
the piston was for g short time brought to the dif-
fusion temperature and in the intermediate time
the metal was evaporated on to the hot piston at
a somewhat lower temperature. The evaporation
was carried out in hydrogen at a pressure of 0.3
mm. mercury.

Finally a light metal piston of 77.5 mm. diam-
eter made of an alloy containing magnesium was
coated onh its surface with a layer of sllver by
thermal evaporation in vacuo the piston being
kept at a temperature of 450-550° C. Preferably
at the beginning and at the end of the evapora-
tion the piston was brought for a short time to the
diffusion temperature and in the intermediate
tlme the metal was evaporated on to the hot pis-
ton at a somewhat lower temperature. The evap-
oration was carried out in argon at a pressure of
0.01 mm. mercury. The heating of the pisten to
the alloying or diffusing temperature was effected
in both cases by gas discharge in the evaporation
chamber. The heating voltage was a rectifled
alternating voltage the effective value of which
was 700 volts at a disintegrating current of 3
amps. The copper or silver layer obtalned in this
manner was exiremely firmly secured to the pis-
ton material,

The invention further relates to an apparatus
for carrying out the described method which is
characterized by a cathode disintegrating cham-
ber with a metallic lower part which can be cooled
and a removable metallic upper part which can
be cooled, of which the metallic wall forming the
cathode consists of the metal to be deposited on
the piston or Is coated therewith. The metal-
lising chamber has an anode which is led through
the metallic wall of the chamber being insulated
and screened. The metallising chamber is fur-
ther characterised by a metallic lead-in which
can be cooled and is insulated ahd screened, pref-
erably in the lower part of the cathode disinte-
grating chamber on which the plston to be met-
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allised s mounted by means of a conducting or
insulating supportihg plate. *

The invention further relates to an appatratus
for carrying out the described method which is
characterised by a vacuum evaporating cham-
ber with a metallic lower part which can be
cooled and a removable metallic upper part which
can be cooled the wall of which carries a me-
tallle current lead-in which can be cooled and
ig insulated and screened and on which the pis-
ton to be metallised is arranged by means of a
supporting device which conducts the electric
current, and by an electrically heated crucible
containing the metal to be evaporated under-
neath the piston, and also by a source of con-
tinuous or alternating voltage of which one, pref-
erably the negative, pole Is connected to the cur-
rent lead-in with the piston while the other, pref-
erably the positive, pole can be connected with
the screening or the wall of the chamber.

In the accompanying drawing the invention is
illustrated diagrammatically with reference to the
constructional example, and Figure 1 shows a
section through a light metal piston | the head
part 2 of which is covered with a metal layer 3,
€. g. copper or silver, which is firmly anchored
in the base material by the formation of an alloy
layer 4 of the base material of the piston and
the applied metal. In a similar manner the re-
maining part of the piston wall can be metallised
as required. Moreover, the accompanying spec!-
men shows a cross-section through a piston head
provided e. g., with a silver layer the lower part
of which is secured to the base material by dif-
fusion.
attached show in one case an alloy zone and in
the other case a diffusion zone between the coat-
ing material and the base material.

The metal protective layer applled according
to the invention was applied over the gas phase of
the metal to be deposited in vacuo. It is also
possible to begin with a solid or liquid phase of
the metal to be applied. Thus, e. g., the ma-
terial can be so highly heated in a crucible that
it evaporates and condenses on the sultably ar-
ranged piston. For this purpose preferably a
filling gas pressure of 3 to 10-¢ mm, is used in
the evaporation apparatus.

When using electrical disintegration fllling gas
pressures of e. g., 3 mm. to 103 mm. are used.
The material to be disintegrated may be used
in the liquid or solid state. According to the
invention, when using thermal evaporation or
cathode disintegration as the method of apply-
ing the metal the piston Is brought to the tern-
perature at which the material to be applied can
be connected with the base material by diffusing
or formatlon of alloy. This temperature is main-
tained until the desired depth of penetration of
the applied material into the base material is
reached. Then the temperature is slowly reduced
in order to obtain the pure metal on the surface
as a protective layer. According to the require-
ments it may be sufficient to produce only a dif-
fusion or alloy zone. The desired formation of
the layer is obtained by regulating the tempera-
ture of the piston to be coated.

Figure 2 shows a section through an apparatus
for thermal evaporation of meta] on to light metal
pistons in vacuo.

The apparatus for thermal evaporation consists
of a vessel 5§ which can be evacuated and which
can be hermetically elosed by means of a cover
6 with a packing T Interposed which can be cooled
by means of the air passage provided in the cover,

The two photographs which are further :
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by meahs of the eccentrie catech 8. A vacuum
pump which is not Mustrated i3 connected to the
branch 8 and through the branch 10, if neces-
sary, a preferably reducing filling gas, such as hy-
drogen, ean be introduced in small quantities.
By means of the vacuum pump any desired re-
@uced pressure, for example under 50 mm. mer-
ecury, up to the highest attalnable vacuum, can
be obtalned in the vessel.

The msdtertal to be evaporated, for example a
metal or an alloy, is placed in the evaporating
crucible (1 which Is provided with a lining or in-
sertion 12 which is not attacked by the metal to
be évaporated. The heating of the crucible up
to the evaporation of the metal is effected for
example by means of a hollow high frequency coil
13 which can be cooled, the ends of which are
led through the cover § Iinfo the vacuum vessel
by means of the two current leads {4 and (5, be-
ing Insutlated, vacuum tight and screened. The
lead 14 i3 screened by means of the metal screen-
ing sleeves 18 and 17 arranged at a small distance
from the lead and Is covered by a protective cap
18, 18 and 20 are two insulating bodies between
which is a packing body 21. The screw ring 22
Is used for pressing the whole together. The
current lead 1§ 15 constructed in the same man-
ner, The molten metal 23 evaporates In the
crucible 12 and the vapour Is deposited upon the
metal piston 24 which is arranged on a current
lead-in 25 which is hollow and can be cooled, it
being possible to Introduce through the pipe 26
and to withdraw through the branch 27 a cool-
Ing medium such as water. The parts 28 and 29
form two metalllc screens which are arranged at
such a small distance from the current lead-in
and from one another that no glow discharge
takes place in the intermediate spaces. The parts
30 and 31 are two insulating and sealing rings,
while the part 32 is a pressure ring, By means
of the cooling device 38 in the vacuum vessel the
current lead-in is cooled and the cooling medium
can be Introduced through the branch 34 and
withdrawn through the branch 85. One end of
the secondary winding 41 of the alternating cur-
rent transformer 42 can be connected through
the switch 43 with the lead-in 25, and the other
end of the secondary winding can be connected
through the Tegulable resistance 44 and the
switch 45 with the screening sleeve 28,

The negative pole of a econtinuocus current
source 38 is connected through a switch 37 with
the lead-In 25, while the positive pole of the volt-
age source can be connected through a regulable
resistance 38 elther through the switch 39 with
the screen 28 or through the switch 49 with the
wall of the vacuum chamber 5. The part 46 is
a screening ring which can be used as required
if the side walls of the piston are not to be metal-
lised. The part 4T Is a thermo element with the
ends 48 and 49. The part 50 is the vaporised
metal layer and the part 5f is the supporting
device for the piston,

In Flgure 3, which shows a section through a
cathode disintegration metallising chamber for
llght metal pistons made, for example, of alu-
minium, magnesium or aluminium or magnesium
alloys, in which the wall is formed as the cathode
to be disintegrated which surrounds the piston to
be metallised on all sides, the part 52 is the re-
movable metallic disintegration vessel hood which
can be hermetically connected with the metallic
bottom §3 with an interposed packing 54, con-
gisting for example of two rubber rlngs. The
whole inner surface 5§ of the cathode disinte-
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grating chamber, that is, both the bottom and
the hood, may consist of the metal or metal alloy
to be deposited or may be coated therewith.
Such metals may be principally chromium, mo-
lybdenum, tungsten, iron, cobalt, nickel, copper,
silver, platinum, palladium, rhodium, cadmium,
zine, vanedium, tantahun, zirconlum, aluminium,
magnesium ot the like, separately or In any de-
sired combination. The vacuum pump, which is
not llustrated, i1s connected to the branch 58,
while the branch 57 serves for introducing a
neutral or reducing gas, such as nitrogen, hydro-
gen, & rare gas such as argon or the llkke. In the
gas inlet 57 there Is placed a sieve $7a and in
the gas outlet 56 according to the invention a
sieve B6a is placed which prevents a gas dis-
charge, more particularly a glow discharge,
striking Into the gas lnlet or outlet. The size of
mesh of the sleve 1s, for example, smaller than 1
mm, The hood 52 is surrounded by a cooling
Jacket 58 to which the cooling medium, for ex-
ample water, oil or air, can be supplied through
the branch 58. The cooling medium is led away
through the branch §8. The bottom can be con-
ductively connected through the removable con-
ductor 61 with the furnace vessel. The negative
voltage is supplied through the current cable §2
which can be gsecured to the bottom.

The piston 64 to be metallised with the metal
layer 68 rests, for example, on an insulating or
conducting plate 65 which s carrled by the lead-
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in 66 which can be cooled, through the inter-.
mediary of a body 87 of metal or insulating ma-
terial. The part 66 is the anode which Is Insu-
lated and Is screened from the bottom plate 83
and the lead-in 52 by a narrow gap In each case
and which is connected through the cable B9
with the positive pole of & continuous voltage
source. The parts 78, 71, 12 are rings of in-
sulating and sealing material. The ring 12 is
pressed against the bottom by means of screens
which, for the sake of simplieity, are not illus-
trated. Between the anode 68 and the wall of
the disintegratlng vessel which is connected up
as cathode, the gas discharge required for dis-
integrating the metal and for heating the piston
up to the desired alloylng or diffusion temper-
ature is formed at a pressure between 40 and
0.001, preferably about 5-0.1 mm, mercury., The
cathode distintegrating chamber is further pro-
vided with a screened inserted observation glass
14. The part 15 {s a ring for covering the gap
between the vessel and the bottom. The branch
16 serves for supplying the cooling medium for
the lead-in 66 and the branch 77 serves for with-
drawing the cooling medium. The bottom is
provided with cooling passages 13. The part 18
is a thermo element for measuring the temper-
ature of the piston during the deposition,

BERNHARD BERGHAUS.
WILHELM BURKHARDT.



