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ING PHYSICAL CHARACTERISTICS AND METH-
0D OF MAXKING THE SAME
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Greenweod, Ind., assigaors to P. RB. Mallery & Co.,
ine., Indianapolis, Ind., a corporation of Delaware

Filed June 26, 1959, Ser. No. §23,104
7 Clatms, (Cl 29—182.1)

This invention relates to the art of making materials
having physical characteristics which are graduated or
are centinuously varying in one direction, and, more par-
ticularly, to electrical contacts having a face in which
the contact properties are graduated in accordance with
a predetermined pattern.

As those skilled in the art know, a satisfactory elec-
trical contact, requires a number of characteristics which
are difficult or impossible to provide by a single material.
Thus, contacts made of certain refractory metals, such as,
for example, tungsten, molybdenum, or of their carbides,
had the desirable characteristics of high hardness, good
wear and are erosion resistance but had relatively low
electrical conductivity. On the other hand, contacts
made of typical low melting contact metals, such as cop-
per or silver, had the desirable characteristics of high
heat and electrical conductivity but were relatively soft
and thus subject to wear and arc erosion. From an effort
to combine the desirable characteristics of refractory
contact metals and low melting point contact metals in a
single metal body resulted the well-known group of con-
tact materials sold under the registered trademark
Elkonite. In contact materials of this type, a pressed and
sintered porous compact or skeleton of refractory contact
metal was infiltrated with molten contact metal of high
electrical conductivity, combining high hardness, good
wear and arc erosion resistance and high heat and elec-
trical conductivity in a single contact body. Of couse,
the degree of porosity or density of the refractory metal
skeleton and thus the proportion of low melting metal in
the contact face was adjusted in accordance with the par-
ticular application for which the contact was intendad.

While contact materials of the described character were
highly successful commercially and were used on a large
scale for many years, certain operating difficulties were
experienced particularly in heavy duty applications due
to the fact that an electrical contact had to satisfy widely
different requirements when opening or closing the cir-
cuit and when merely carrying the load current. For
example, most of the wear and arc erosion would occur
during opening and closing and a high percentage of
refractory metal in the contact face was desirable for
these operations. On the other hand, once the contact
was closed, a high percentage of the high conductivity
material was desirable to minimize ohmic losses and heat-
ing up of the contact. Obviously, these requirements were
mutually contradictory and could not be satisfied except
by a compromise. Although this problem existed in the
contact art for a long time and various suggestions and
proposals were made to solve the same, none, as far as is
known, of these suggestions and proposals was completely
satisfactory and successful.

It has been discovered that the outstanding problem can
be solved in a remarkably simpler manner.

It is an object of the present invention to improve
electrical contacts.

It is another object of the present invention to provide
electrical contacts having different characteristics in dif-
ferent portions of the operating face thereof.

A further object of the invention is to provide elec-
trical contacts, the hardness and arc erosion character-
istics of which are graduated in one direction on the face
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thereof and the conductivity characteristics of which are
graduated in the opposite direction on the face thereof.

It is also within the contemplation of the invention to
generally provide pressed and sintered compacts certain
physical characteristics of which are continuously vary-
ing in one direction.

The invention also contemplates a method of produc-
ing the metal bodies or contacts of the invention.

Other and further objects and advantages of the in-
vention will become apparent from the following de-
scription, taken in conjunction with the accompanying
drawing, in which

FIG. 1 is a vertical sectional view, somewhat diagram-
matic and fragmentary in character, of a die body and
associated top and bottom punches suitable for carrying
the principles of the invention into practice;

FIG. 2 is a similar view of the die body and punches
illustrated in FIG. 1, showing the top punch at the end of
its thrust;

FIG. 3 is a vertical sectional view of a modified die
body and associated punches adapted to produce com-
pacts having a high density area in the center thereof;
and

FIG. 4 is a graph showing the relationship of the hard-
ness and conductivity of bars of porous tungsten impreg-
nated with silver and copper, respectively, embodying the
principles of the invention. '

Broadly stated, in accordance with the principles of
the invention, there is provided a die cavity, the depth
of which is different at different transverse regions there-
of. This cavity is filled with metal powder to a hori-
zontal level. A top punch is then displaced into the
cavity, the pressure face of said punch being so con-
structed and arranged as to compress the powder at a
higher ratio in regions where the body of powder is of
greater depth than in regions where the said body of
powder is of lesser depth. The result will be a pressed
compact the porosity of which is graduated or is con-
tinuously varying in a direction which is transverse to
that of the compression. Upon sintering, the pressed and
sintered metal skeleton is impregnated or infiltrated with
molten metal of lower melting point. As the portions
of greater porosity or lower density will take up more low
melting metal than the portions of lesser porosity, the
finished product will have graduated physical character-
istics in a transverse direction. For example, when using
a refractory contact metal, such as tungsten, for the
skeleton and a low melting high conductivity metal, such
as copper or silver, for the impregnating metal, the re-
sulting contact will be characterized by high hardness and
arc erosion resistance continuously varying in one direc-
tion and by high electrical conductivity continuously vary-
ing in the opposite direction.

Referring now more particularly to FIG. 1 of the draw-
ing, reference numeral 19 denotes a die body having an
opening 11 therein. A bottom punch 12 having an in-
clined face 13 is located in the opening of the die body
and defines therewith a die cavity 14. A top punch 15
having an inclined face 16, which is substantially parallel
with face 13 of the bottom punch, is mounted for co-
operation with the die body, a conventional press or op-
erating mechanism (not shown) being provided for the
said top punch.

In operating the compacting mechanism just described,
die cavity 14 is filled to a horizontal level 17 with re-
fractory metal powder, such as with powder composed of
one or more of the metals tungsten, molybdenum, zircon-
ium, titanjum, tantalum, columbium and/or of the car-
bides of such metals. The top punch is then displaced
downwardly, applying compacting pressure to the powder
fill.

FIG. 2 shows the completed downward stroke of the top
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punch by means of which the powder fill in die cavity 14
has been converted into a pressed compact 18. It will be
noted that in the extreme left side of the compact there are
six unit weights of loose powder compacted into two unit
volumes, while at the extreme right there are only five
unit weights compacted into two unit volumes. This,
obviously, produces a higher density, or lower porosity, in
the left end of the compact. The density will uniformly
decrease until the lowest density is found at the extreme
right.

After pressing, the compact is sintered in a reducing
or protective atmosphere, or in vacuum, at a time and
temperature sufficient to produce a sinter structure with-
out excessive shrinkage.

The sintered compact is impregnated with a relatively
low melting point metal possessing high electrical con-
ductivity, such as copper, silver, gold, alloys or compounds
composed of these metals, or such noble metals as the
members of the platinum group. Other alloying additives
or secondary materials may be incorporated in the im-
pregnating metal, such as silicon, cadium, zinc, tin, lead
indinm, calcium, arsenic, phosphorus, or antimony to
change the surface tension or melting point of the in-
filtrating material, to lower the energy of the arc produced
during the circuit breaking operation, or to spread the arc.

In general, the impregnation step is carried out by
placing a piece of the impregnating metal on top of the
porous sintered compact and heating them to a tempera-
ture above the melting point of the impregnating metal
whereby the said metal will melt and infiltrate the com-
pact, substantially completely filling out the pores thereof.
After impregnation, such excess impregnating material as
may remain frozen to the compact is removed by con-
ventional machining methods. If desired, the sintering
and the impregnation can be carried out in a single
furnacing operation.

The finished product is characterized by high electrical
conductivity in one area and high refractory concentra-
tion and thus high hardness in another area, there being a
graduation or continuous transition from one to the other
in the direction of the contact face. The materials of the
invention find many applications, but their principal use
is as circuit breaker contact members. In that case, the
contacts will open and close on the high refractory area,
thus inhibiting excessive erosion and welding due to the
attendant arc. Upon completing the closure of the circuit,
the current will pass through the low refractory, or high
conductivity area, thereby reducing ohmic losses and the
generation of heat in the contacts.

FIG. 3 illustrates one of the many possible variations of -,

the principles of the invention. Reference numeral 20
denotes the die body having an opening 21 therein which
there is arranged a bottom punch 22. The pressure face
23 of the said punch 22 is defined by a broken line of
which thelowest point is at the center of the punch, thus
defining with die body 20 a cavity 24 having its maximum
depth in the center thereof. Top punch 25 is arranged for
cooperation with the die cavity 24 and has a pressure face
26 which is in substantial parallelism with that of the
bottom punch.

In view of the similarity of construction, the operation
of this modified embodiment of the invention will be read-
ily understood by those skilled in the art without any de-
tailed explanation. It will be sufficient to state that upon
filling the die cavity with refractory metal powder up to
horizontal level 27 and at the end of the downward thrust
of punch 25, a higher compression ratio will be applied
to the center of the powder fill and gradually decreasing
compression ratios will be applied to the peripheral por-
tions of the powder fill. Thus, upon sintering the pressed
compact and infiltrating it with a lower melting point
contact metal, a contact is obtained which has a high
density area in the center thereof. It will be readily

understood that by using top and bottom punches. of

suitable configuration, the high density area, or, converse-
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1y, the high conductivity area, can be located wherever de-
sired within the limits of the geometry of the proposed
compact,

Obviously, in both illustrated embodiments of the in- °

vention, the cross section of the die cavity and of the co-
operating punches is determined by the desired shape of
the compact and may be rectangular, circular or may
have the configuration of any regular or irregular polygon.

The curves shown in FIG. 4 were drawn from the test
result of two pressings of bars of tungsten powder, the
pressed dimensions of each of which were 4"’ long by
¥4’ wide by ¥2”’ high. These pressings were made in
equipment of the type shown in FIGS. 1 and 2 with paral-
lel top and bottom punches which were inclined 5° from
the horizontal. The die cavity was filled with tungsten
powder having an average particle size of 5-7 microns,
which was compacted at a pressure of about 20,000-
30,000 p.s.i. and the pressed compacts were sintered for
about 30 minutes at a temperature of 1200° C. in an at-
mosphere of cracked ammonia. Thereupon, the sintered
bars were impregnated with copper and silver, respectively.

In FIG. 4, curve 30 shows the interrelation between
the hardness and the electrical conductivity for the
copper-impregnated tungsten bar and curve 31 the same
interrelation for the silver-impregnated tungsten bar. As
noted in the foregoing, these bars were pressed with
parallel top and bottom punches which were inclined 5°
from the horizontal. The difference in properties from
end to end is controlled by the degree of inclination from
the horizontal as a function of the over-all length. How-
ever, the degree of inclination may be over 5° and as
high as 30°, or more. Also, the faces of the top and
bottom punches need not be parallel so long as the co-
operation of the faces of said punches will result in differ-
ent compression ratio of the powder fill in different trans-
verse regions thereof.

Although the present invention has been disclosed in
connection with a few preferred embodiments thereof,
variations and modifications may be resorted to by those
skilled in the art without departing from the principles of
the invention. All of these variations and modifications
are considered to be within the true spirit and scope of
the present invention as disclosed in the foregoing de-

_scription and defined by the appended claims.

We claim:

1. The method of making electrical contacts having
characteristics which vary continuously along one face
thereof, which comprises providing a die cavity having
different depths in different transverse regions thereof,
filling said cavity to a uniform horizontal level with refrac-
tory contact metal powder, displacing a punch into said
cavity to compact said powder at different compression
ratios in said respective regions without causing appreci-
able displacement of the powder in the transverse direc-
tion,” removing the pressed compact from said cavity,
sintering said compact to convert it into a refractory metal
skeleton the porosity of which varies continuously in the
transverse direction, and infiltrating said skeleton with a
low melting contact metal to obtain an electrical contact
having a face in which erosion resistance and electrical
conductivity are continucusly and inversely variable.

2. The method of making electrical contacts having
continuously varying hardness and electrical conductivity
characteristics in one face thereof, which comprises filling
a die cavity with refractory contact: metal powder to a
predetermined horizontal level to provide different depths
of powder in different transverse regions of the cavity, dis-
placing the top level of the powder in said cavity by a uni-
form -distance thereby compressing the powder to a
greater extent in the regions of greater depth than in the

-regions of lesser depth withcut causing appreciable dis-

placement of the powder in the transverse direction, with-

-drawing the pressed compact from said cavity, sintering .

said compact to convert it into a refractory metal skeleton
having a porosity gradient in the transverse direction, and
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infiltrating said skeleton with low melting point contact
metal to obtain an electrical contact having a face char-
acterized by a conductivity gradient in correspondence
with said porosity gradient and by a hardness gradient in-
versely related to said porosity gradient.

3. An electrical contact comprising a pressed and
sintered skeleton of refractory contact metal of relatively
low conductivity, said skeleton being characterized by
continuously varying porosity in a direction transversely
of the pressing direction, and low melting contact metal
of relatively high conductivity infiltrated in and substan-
tially filling out the pores of said body, said contact having
a face in which erosion resistance and electrical conduc-
tivity are continuously and inversely varying.

4. An electrical make-and-break contact comprising a
pressed and sintered skeleton of refractory contact metal
of relatively low conductivity having interconnected pores
the distribution of which is continuously varying in ac-
cordance with a predetermined pattern, in a direction
transversely of the pressing direction and relatively low
melting contact metal of relatively high conductivity in-
filtrated in and substantially filling out the pores of said
skeleton, said contact having a face in which the hardness
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and resistance to arc erosion are continuously varying in
one direction and in which the electrical conductivity is
continuously varying in the opposite direction.

5. The electrical make-and-break contact as claimed in
claim 4, in which the refractory contact metal comprises at
least one metal selected from the group consisting of
tungsten, molybdenum, zirconium, titanjum, tantalum,
columbium and their carbides.

6. The electrical make-and-break contact as claimed in
claim 4, in which the relatively low melting contact metal
comprises at least one metal selected from the group con-
sisting of copper, silver, gold and platinum group metals.

7. The electrical make-and-break contact as claimed in
claim 4, in which the infiltrating metal comprises small
amounts of additives for adjusting its contact properties.
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