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BRAZING DISSIMILAR METALS
Walter V. Bratkowski, McKeesport, and William H.
Fischer, Avalon, Pa., assignors to Westinghouse Electric
Corporation, East Pittsburgh, Pa., a corporation of
Pennsylvania
Filed Oct. 22, 1554, Ser. No. 617,568
§ Claims. (CI. 29-—492)

The present invention relates to brazing of dissimilar
metals which have not been successfully brazed hereto-
fore. The invention has particular reference to processes
for securing arc-resisting contact tips of certain refrac-
tory metals and their alloys to supporting structures of
aluminum and like metals. The invention relates
further to electrical contact members made by such proc-
esses.

There has been a need for a satisfactory method of
brazing refractory metals, such as tungsten, molybdenum
and tantalum, and their base alloys, to aluminum, mag-
nesium and their base alloys,

In the electrical industry, for instance, contact con-
ductors adapted for use on high speed circuit interrupters
generally are made of copper and copper alloys. Since
copper and copper alloys do not have suitable arc-resist-
ing properties, it has been a common practice to secure
a tip of arc-resisting material such as silver-tungsten, sil-
ver-molybdenum, or copper-tungsten to the main or sup-
porting copper contact member to prevent excessive burn-
ing of the member.

It has been desirable to replace copper and alloys there-
of with aluminum, aluminum alloys, magnesium alloys
or the like to provide members which are lighter in
weight, yet which have comparable strength character-
istics and electrical conductive properties.

Heretofore, attempts to replace copper and alloys there-
of with metals such as aluminum, aluminum alloys, mag-
nesium alloys or the like have not been satisfactory be-
cause no completely successful method has been found
nor securing the arc-resisting contact tips to such metals.
In an effort to obtain satisfactory mechanical and elec-
trical connection of arc-resisting tips to supporting struc-
tures of such metals, various mechanical joining methods
have been resorted to, such as riveting, threading and
swaging, and the like. It has been found, however, that
tips fastened according to these latter methods loosen
relatively quickly under the repeated impacts resulting
from continuous operation of the circuit interrupter. The
loosening of the contact tip from the support member, in-
troduces high resistance regions wherein arcing occurs
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thereby impairing the efficiency of the operation of the .

circuit interrupters.

It is difficult, when utilizing any conventional brazing
technique, to satisfactorily join a tip of arc-resisting ma-
terial such as silver-tungsten to an aluminum support
member because of the presence of a layer of aluminum
oxide present on the support member, It is known that
such surface oxide coatings can be removed by the ap-
plication thereto of strong reagents, such as fluorine-con-
taining inorganic acids. As an example, it has been de-
termined, however, that the utilization of such acids in
the form of commercially available acid fluxes conven-
tionally used in brazing techniques does not provide a
satisfactory means for joining a silver-tungsten tip to an
aluminum support member. Corrosion frequently oc-
curs in such joints, due to the inclusion therein of flux,
with subsequent failure of the joint resulting.

While the problem of joining refractory metals to alu-
minum has been emphasized in connection with circuit
breaker contacts, it will be understood that there are
numerous other instances where similar metal joining dif-
ficulties have arisen,
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The object of the present invention is to provide a
brazing process utilizing high frequency sound vibrations
for joining refractory metals such as tungsten, molyb-
denum, tantalum, the platinum group metals, their base
alloys, and carbides thereof, such as tungsten and molyb-
denum carbides, as well ag mixtures embodying a refrac-
tory metal and good electrically conducting metals such
as silver, copper and gold, to light, electrically conduct-
ing metals such as aluminum, magnesium and their base
alloys.

It is a further object of the present invention to pro-
vide processes for preparing contact structures wherein
arc-resistant tips of refractory metals are secured to sup-
port members of aluminum, aluminum alloys, magnesinm
alloys or the like by brazing techniques utilizing high
frequency mechanically produced sound vibrations, to pro-
vide joints of maximum mechanical strength and mem-
bers having excellent electrical conductivity.

Another object of the present invention is to provide
improved electrical contact members having arc-resisting
tips of refractory metals secured to supporting members
by brazing techniques utilizing high frequency mechani-
cally produced sound vibrations whereby members are
provided having maximum mechanical strength and elec-
trical conductivity characteristics.

Other and further objects of the invention will, in
part, be obvious and will, in part, appear hereinafter.

For a more complete understanding of the present in-
vention, reference is made to the following description
taken in conjunction with the accompanying drawing, in
which:

FIGURE 1 is a side view, in section, of a tip of arc-
resisting material adapted for attachment to a support
member;

FIG. 2 is a side view, partly in section, of a support-
ing member adapted to receive the tip illustrated in
FIG. 1;

FIG. 3 is a side view, partly in section, illustrating the
application of a brazing alloy to a tip such as the one
illustrated in FIG. 1;

FIG. 4 is a view, partly in section, illustrating a com-
plete contact assembly;

. FIG. 5 is a side view, partly in section, illustrating ‘a
complete contact assembly having a structure different
from that illustrated in FIG. 4; and

FIG. 6 is a schematic illustration of brazing means in-
cluding apparatus adapted to mechanically produce high
frequency sound vibrations.

It has now been discovered that refactory metals may
be joined successfully to light, electrically conducting
metals such as aluminum, aluminum alloys, magnesium
alloys, and the like by fluxless brazing utilizing high fre-
quency mechanically produced sound vibrations. By re-
fractory metals is meant metals such as tungsten, nickel,
molybdenum, tantalum, the platinum group-metals and
their base alloys and carbides thereof such as tungsten
and molybdenum carbide. Such refractory metals fre-
quently are employed either as alloys or sintered and
pressed mixtures of these metals in combination with
amounts of other metals such as silver, copper, tin, and
cadmium.

In a more specific aspect of this invention it now has
been discovered that satisfactory fluxless brazing of arc-
resisting tips of refractory metals such as silver-tungsten,
copper-tungsten, and the like to support members of
aluminum, aluminum alloys, magnesium alloys or the
like may be effected by brazing techniques utilizing ele-
ments or members adapted to vibrate and mechanically
produce high frequency sound vibrations, viz., frequen-
cies of at least 9600 cycles per second. Ultrasonic sound
vibrations, i.e., above the audible limit (16,600 cycles
per second) and up to and beyond 25,000 cycles per
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second also may be used satisfactorily in-this invention.

The reason why satisfactory joints are obtained ufiliz-
ing such high frequency sound vibrations with this braz-
ing technique is not fully understood at this time. How-
ever, it is believed fo result from the fact that the passage
of high intensity or frequency sound waves. through a
liquid brings about a phenomenon of cavitation, whereby
cavities- appear at nodal points. When liquid brazing
material is subjected to high frequency pressures of in-
creasing amplitude within the liquid, the cavities, gen-
erally filled with gas, expand and contract until a peint
is reached at which a sudden collapse of the cavity oc-
curs. This collapse produces extremely high localized
pressure. When the collapse takes place adjacent to. the
brazing surfaces, small oxide particles are eroded away.
This eroding away of oxide particles or layers on the
brazing surfaces permits. the satisfactory joining of the
two surfaces.

It also has been determined that the refractory metal
oxids, such as tungsten oxide interfere with the formation
of a brazed joint of maximum mechanical strength and
electrical conductivity. Therefore, when securing arc-
resisting tips of tungsten and alloys thereof to a support
member of aluminum, aluminum alloys, magnesium al-
loys: or the like, it is preferable to first.clad the joining
surface of the tip with a layer of a metal which prevents
particles or layers of tungsten oxide from forming on
the joining surface. Silver or alloys thereof have been
found to be suitable for this purpose.

The following is an example of the process of the
present invention. A contact tip 1¢ (FIG. 1) such, for
example, as pressed and sintered mixtures of arc-resisting
materials, such as silver-tungsten, copper-tungsten, silver
molybdenum. or other arc-resistant, electrically conduc-
tive refractory metal is formed substantially into the
thimble shape illustrated.

Tip 10.is adapted for mounting upon a support mem-
ber 12 (FIG. 2), one end of which is tapered in the
manner- illustrated on the drawing. Support member 12
is formed of a light, electrically: conducting metal such
as aluminum, aluminum alloys, magnesium alloys or the
like. In general, member 12 will be made from alloys
comprising at least 90% of aluminum wih the balance
being one or more metals such as zinc, magnesium, man-
ganese, copper, silicon, iron and chromium. When the
contact member is intended for use with- high speed
electrical circuit interrupters, it has been found preferable
to form: member 12 from a high strength aluminum alloy
having the composition: aluminum 97.9%, magnesium
1.0%, silicon 0.6%, copper 0:25%, and chromium 0:25%
and' has a hardness:of at least Rockwell “F” 50. It will
be understood, of course, that this is- merely one exam-
ple: of many base metal alloys of aluminum, magnesium,
and: the like which is suitable for use in this invention.

In securing tip 10 to member 12 it is preferred to first
clean each member thoroughly, for example, either me-
chanically as by wire brushing or chemically as by im-
mersing first in: trichloroethylene and then in alkali fol-
lowed by rinsing in water. The cleaned tip- 10 then is
clad on its joining surface 13 with a layer 14 of a metal
which prevents. particles or layers of tungsten oxide from
forming on surface 13. Silver or an alloy thereof de-
posited in a thickness of about 2 to 3 mils is suitable- for
this purpose. One silver alloy which-is suitable has the
composition: silver 43-45%, copper 26-28%, zinc
11-15%, cadmium 14-16%, phosphorous 0.8-1.2% and
impurities 0.15% maximum. The alloy layer 14 may be
applied in any desired manner. A suitable method com-
prises: applying the alloy by conventional tinning tech-
niques.

Tip: 10, with the layer of silver 14 thereon, then has a
layer 16 of an aluminum base brazing alloy applied there-
to. An-alloy which has been found to be suitable com-
prises one containing 87% aluminum, and 13% silicon.
The brazing operation may be carried out conveniently
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as shown in FIG. 3 of the drawing. Thus, thimble tip
10, in an inverted position, is partly filled for instance,
about half full, with the brazing alloy 16. The thimble
tip 10 then is heated in a furnace of suitable design to
a temperature of about 550° C. This temperature is
slightly above the melting point of the brazing alloy 16
and is substantially below the melting point of the arc-
resisting silver-tungsten tip 16 and the layer 14 of
silver alloy. A transmission bar 18 provided with a head
of a shape which conforms closely to the shape of the
inner joining surface of the thimble 1 then is inserted into
the thimble. Means, not shown in FIG. 3, are provided
for imparting mechanical vibrations of about 20,060
cycles per second, for example, to the molten alloy.
Under these conditions the brazing alloy 16 and silver
alloy 14 fuse.

A layer 16 of the same aluminum based brazing alloy
also. is applied to the joining surface of the tapered end
of the support member 12, the member 12 being heated
to a temperature of about 550° C., and being subjected
to high frequency mechanically produced sound vibra-
tions of about 20,0600 cycles per second.

Members 10 and 12 then are ready to be joined to one
another., One method by which this may be accom-
plished comprises slipping tip 16 over the tapered end
of member 12 and placing the resultant assemblage in
apparatus as illustrated in FIG. 6. A layer 20 of heat-
resistant fluid such as a silicone oil is positioned between
tip. 16 and the contact end of a transmission bar 18"
Means, not shown, is provided for imparting high fre-
quency sound vibrations to the assemblage of members
10 and 12. Heating means 22 is provided to maintain
the assemblage at a temperature of about 550° C. Only
a few minutes exposure to vibrations on the order of
20,000 cycles per second is sufficient to facilitate the
formation of a strong uniform joint 24. If desired, a
relatively strong joint may be obtained without using
high frequency sound vibrations. Thus, a satisfactory
joint may be obtained merely by pressing tip 1¢ onto
member 12 with a slight twisting motion, while alloy 16
is still' molten, and then cooling said alloy while main-
taining the members under a pressure of only a few p.s.i.

Members 18 and 12 need not be joined immediately
after they have been provided with a coating of alloy
16. Thus, they may be permitted to cool to room tem-
perature and then reheated at a later time to about 550°
C. and joined to each other according to either of the
methods just described.

To restore. the original physical properties of support
member 12, for example, to return the hardness of
member 12 at least to a value of Rockwell “F” 50,
which. properties have been changed due to heating said
member to. 550° C., it is only necessary to heat age the
completed: assemblage, for example, at a temperature of
about: 350° F. for a pericd of about 3% hours in a
suitable furnace. When relatively low strength grades
of aluminum are used for member 12 this subsequent
heat treatment need not be employed.

In FIG. 4 there is illustrated, partly in section, a com-
pleted electrical contact assemblage prepared by the
method just described. In FIG. 5 there is illustrated,
partly in section, a completed assemblage of a contact
member having a structure different from that shown
in FIGS. 1~4.. The structure shown in FIG. 5 is formed
of materials as shown in FIG. 4 and is made by the
same process and includes a support member 12’ with
a substantially flat end portion 26 to which a disc or
wafer shaped contact tip member 19’ is bonded utilizing
a suitable brazing alloy 24'.

To test the strength of brazed joints such as illustrated
at 24 in FIG. 4, completed. contact assemblages such as
that shown in FIG. 4 were. given a life test of 1500 op-
erations. in a circuit breaker with no current passing
therethrough. The contact structures then were ex-
amined, and it was found that the thimble tip 10 still
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was fastened securely to support member 12 and that
no appreciable deformation had occurred.

The contact structures then were tested electrically
in the circuit breaker. A current of 600 amperes was
passed through the contacts, and a drop of 29 millivolts
was measured across the contacts through one pole unit.
The same test performed on contacts comparable in
every way except that they were made of a copper alloy
rather than an aluminum alloy produced a 25 millivolt
drop.

Equally satisfactory joints may be made without first
cladding tip 10 with a layer 14 of silver if the subse-
quent brazing operations are carried out in a vacuum
or in an inert atmosphere. Layer 14 of silver also need
not be used if the arc-resisting tip 1¢ does not contain
tungsten or another metal whose oxide inhibits or pre-
vents the formation of a strong brazed joint 24 between
tip 10 and support member 12. Tip 18 may be brazed
to copper and alloys thereof as well as to aluminum and
alloys thereof as described above.

While the present invention has been described with
respect to what is at present considered to be preferred
embodiments thereof, it will be understood, of course,
that certain changes, substitutions, modifications and the
like may be made therein without departing from its
true scope. :

We claim as our invention:

1. A process for joining a contact member of a re-
fractory selected from the group consisting of (1) re-
fractory metals selected from the group consisting of
tungsten, molybdenum, tantalum, the platinum group
metals, their base alloys, and carbides thereof and (2)
mixtures of said refractory metals with electrically con-
ducting metals selected from the group consisting of
silver, copper, gold, tin and cadmium to a support mem-
ber of a light, electrically conducting metal selected from
the group consisting of aluminum, aluminum alloys, and
magnesium alloys which comprises cladding the joining
surface of said contact member with silver, heating
the members to a temperature sufficient to melt an
aluminum based brazing alloy, applying a quantity of
said brazing alloy at least to the joining surface of the
base member and to the silver clad surface of the con-
tact member whereby said alloy melts, subjecting the
molten alloy to high frequency mechanical vibrations
of at least 9600 cycles per second to apply a coating
of said alloy on each of said surfaces, withdrawing the
heat and vibrations, and allowing the alloy to solidify
and join the members into a unitary structure.

2. A process for joining a contact member of an
arc-resisting refractory selected from the group consist-
ing of (1) refractory metals selected from the group
consisting of tungsten, molybdenum, tantalum, the plat-
inum group metals, their base alloys, and carbides there-
of and (2) mixtures of said refractory metals with elec-
trically conducting metals selected from the group con-
sisting of silver, copper, gold, tin and cadmium to a
support member of a light electrically conducting metal
selected from the group consisting of aluminum, alumi-
num alloys, and magnesium alloys which comprises clad-
ding the joining surface of said contact member with
silver, heating the members to a temperature which is
below the melting point of both the silver and the mem-
‘bers and which is above the melting point of an alumi-
num based brazing alloy, applying a quantity of said
brazing alloy at least to the joining surface of said sup-
port member and to the silver clad surface of said comn-
tact member whereby said ailoy melts, contacting- said
molten alloy with a vibrating member vibrating at a fre-
quency above the audible range to apply a molten coat-
ing of said alloy on each of said surfaces, holding the
contact member and support member in a position where-
by the brazing coatings are in contact, and while so
holding the members withdrawing the heat to allow the
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coatings to solidify and join the members into a unitary
structure.

3. A process for joining a contact member of an arc-
resisting refractory selected from the group consisting
of (1) refractory metals selected from the group con-
sisting of tungsten, molybdenum, tantalum, the platinum
group metals, their base alloys, and carbides thereof and
(2) mixtures of said refractory metals with electrically
conducting metals selected from the group consisting of
silver, copper, gold, tin and cadmium to a support mem-
ber of a light, electrically conducting metal selected from
the group consisting of aluminum, aluminum alloys, and
magnesium alloys which comprises cladding the joining
surface of said contact member with silver, heating the
members to a temperature which is below the melting
point of both the silver and the members and which is
above the melting point of an aluminum based brazing
alloy, applying a quantity of said brazing alloy at least
to the joining surface of said support member and to
the silver clad surface of said contact member whereby
said alloy melts, contacting said molten alloy with a
vibrating member vibrating at a frequency above the
audible range to apply a molten coating of said alloy
on each of said surfaces, withdrawing the heat and
vibrating member and allowing the brazing coatings to
solidify, holding the contact member and support mem-
ber in a position whereby the brazing coatings are in
contact, applying sufficient heat to melt the brazing coat-
ings, and withdrawing the heat to allow the coatings to
solidify and join the members into a unitary strocture.

4. A process for joining a contact member of an arc-
resisting refractory selected from the group consisting
of (1) refractory metals selected from the group con-
sisting of tungsten, molybdenum, tantalum, the plati-
num group metals, their base alloys, and carbides thereof
and (2) mixtures of said refractory metals with elec-
trically conducting metals selected from the group con-
sisting of silver, copper, gold, tin and cadmium to a
support member of a light, electrically conducting metal
selected from the group consisting of aluminum, alumi-
num alloys, and magnesium alloys which comprises clad-
ding the joining surface of said contact member with
silver, heating the member to a temperature which is
below the melting point of silver and the members and
above the melting point of an aluminum based brazing
alloy, applying a quantity of said brazing alloy at least
to the joining surface of said support member and to
the silver clad surface of said contact member whereby
said alloy melts, confacting said molten alloy with a
vibrating member vibrating at a frequency above the
audible range to apply a molten coating of said alloy
on each of said surfaces, withdrawing the heat and vibrat-
ing member and allowing the brazing coatings to solidify,
holding the contact member and support member in a
position whereby the brazing coatings are in contact,
applying sufficient heat to melt the two coatings of braz-
ing alloy while imparting high frequency mechanijcal
vibrations to the members at least in the region of con-
tact of the coatings of brazing alloy, and then withdraw-
ing the heat and vibrations to allow the brazing alloy to
solidify and bond the members into a unitary whole,

5. A process for joining a contact member of a refrac-
tory selected from the group consisting of (1) refractory
metals selected from the group consisting of tungsten,
molybdenum, tantalum, the platinum group metals, their
base alloys, and carbides thereof and (2) mixtures of
said refractory metals with electrically conducting metals
selected from the group consisting of silver, copper, gold,
tin and cadmium to a support member of a light, elec-
trically conducting metal selected from the group con-
sisting of aluminum, aluminum alloys, and magnesium
alloys, which comprises cladding the joining surface of
said contact member with silver, heating the members to
a temperature sufficient to melt an aluminum based braz-
ing alloy, applying a quantity of said brazing alloy to
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the joining surface:of the support member whereby said.

alloy melts and subjecting the molten alloy to high fre-
quency- mechanical: vibrations fo apply a coating of said

alloy-on.said joining surface, applying a guantity of said-

brazing, alloy. to the silver clad: surface of the contact
member. whereby said alloy melts and subjecting the
molten alloy to high frequency mechanical vibrations to
apply a coating, of said alloy on said silver clad surface
of the contact member, placing the members in contact
with. each. other while maintaining the brazing alloy in
the. molten condition, withdrawing the heat, and allow-
ing the alloy to solidify and join the members into a
unitary structure.
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