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Description

MULTT-ELEMENT METALILIC COMPOSITE ARTICLE
AND METHOD OF MANUFACTURE

Background of the Invention

5 This invention relates to a multi-element metal-
lic composite alloy, a process for producing such a
composite, an electrical contact and spring member
assembly fabricated from such a composite, and a
method for producing such an assembly. More particu-

10 larly, this invention relates to a multi-element
metallic composite alloy comprising at least one base
metal alloy constituent which is metallurgically
bonded to at least one noble metal alloy constituent,
and to a process for producing such a multi-element

15 metallic composite alloy. The composite and process
of the instant invention are particularly useful in
fabricating electrical contact materials which have
enhanced electrical and mechanical properties. This
invention also relates to an electrical contact and

20 spring member assembly in which the contact portion,
which comprises at least one noble metal alloy, is
metallurgically bonded to the spring member portion,
which comprises at least one base metal alloy, and to
a method for producing such an assembly.

25 The use of base metal alloys as electrical
connectors is well known to those skilled in the art
due to their enhanced formability during processing,
enhanced spring properties after aging, stability
during age hardening, elevated temperature stability

30 in service. It is also well known to those skilled in
the art that noble metal alloy materials have
excellent electrical conducting properties and are
useful in a variety of electrical and electronic
applications; for example, as a sliding contact in

35 precision potentiometers, such as might be found in
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automobile engine control systems. However, the
fabrication of electronic components from solid noble
metal alloy materials is extremely expensive. In
addition, such alloys tend to be brittle, lacking the
spring properties and elevated temperature stability
of base metal alloys. It would therefore be highly
advantageous if the properties of noble metal and base
metal alloys could be combined in a single composition
from which electronic components and other materials
requiring these properties could be fabricated.

It is one object of this invention to realize the
potential of multi-element alloy composites by provid-
ing a process by which noble and base metal alloys may
be metallurgically bonded together. It is one feature
of this invention that the composite alloy combines
the high spring properties of the base metal alloy
with the superior electrical contact properties of the
noble metal alloy.

The composite alloy of this invention is advan-
tageous in that it has enhanced electrical and spring
properties, greater stability at elevated operating
temperatures, experiences minimal distortion while
being age hardened, exhibits improved elevated tem-
perature relaxation properties, and exhibits no forma-
tion of intermetallics and complex or undesirable
alloys in the bond area between the dissimilar alloys,
thereby enhancing its electrical properties. The
process of the instant invention is advantageous it
that it produces a composite alloy composition having
the above-described properties. The composite alloy
and process of this invention may be used in any
electrical contact application such as in potentio-
meters, switches, relays, contacts and the like. Such
devices may be employed in a variety of commercial,
industrial, and research settings in a variety of
products.

Another advantage of the composite and process of
this invention is that the age hardening
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characteristics of the noble and base metal alloy

constituents are both enhanced and made compatible to
one another as compared with each constituent's
unbonded natural state. More particularly, the
composite and process of this invention are
advantageous in that the hardening characteristics of
the composite are improved and equalized when compared
to bimetallic alloy compositions comprising alloys of
beryllium-copper and beryllium-nickel.

The electrical contact and spring member assembly
of this invention is advantageous in that is combines
the excellent electrical properties of the noble metal
alloy and the excellent strength and stability proper-
ties of the base metal alloy. The assembly is also
advantageous in terms of cost, as less of the more
expensive noble metal alloy material is required since
the spring member is fabricated from the base metal
portion of the composite alloy. The method of this
invention is advantageous in that it produces the
assembly, which has many commercial uses.

This invention is also advantageous in that it
specifically excludes the use of beryllium-copper
alloys as the base metal constituent, thereby avoiding
the extra processing and special handling ordinarily
required for toxic beryllium-containing materials.

Summary of the Invention

This invention is directed to a multi-element
metallic composite alloy useful in electrical compo-
nents which comprises at least one base metal alloy
constituent metallurgically bonded to at least one
noble metal alloy constituent, and to a process for
producing such a composition by metallurgically bond-
ing the adjoining faces of the base metal and noble
metal alloys. This invention is also directed to an
electrical contact and spring member assembly in which
the contact portion, which comprises at least one
noble metal alloy, is metallurgically bonded to the
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spring member, which comprises at least one base metal

alloy, and to a method of producing such an assembly.
Electrical contact and spring member assemblies of
this invention are advantageous in that they combine
the superior electrical contact properties of the
noble metal alloy with the superior strength and
temperature properties of the base metal alloy spring

member.

Brief Description of the Drawings

Figure 1 depicts isometric views of two distinct
embodiments of the composite alloy of this invention.
Figure 2 depicts front and side views of one
embodiment of the electrical contact and spring member

assembly of this invention.

Description of the Invention

This invention will become apparent from the
following detailed description.

As used in this description and in the appended
claims, the term "base metal alloy" refers to a metal
alloy comprising the elements copper, nickel and tin,
except that beryllium-containing alloy compositions
such as beryllium-copper alloy compositions are
specifically excluded from the term "base metal
alloy."

A typical base metal alloy which may be employed
in the instant invention comprises a major amount of
copper, about 10-20, preferably 14.5-15.5 weight
percent nickel, about 3.5-11.5, preferably 7.5-8.5
weight percent tin, and less than about 1.0,
preferably 0.1 weight percent of other elements. The
invention expressly does not include the beryllium-
copper alloys designated by Copper Development
Association (CDA) as CDA 170, CDA 172, CDA 173, and
CDA 175.

One example of such a base metal alloy suitable
for use in this invention is sold by Ametek, Inc.

g
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under the trademark "PFINODAL" and is described in
Ametek brochure Form 3M88F (1988). PFINODAL is a
copper-nickel-tin spinodal alloy produced by a pro-
prietary powder metallurgical process and described by
the American Society for Testing Materials (ASTM)
Standard B740 and CDA designation C72900. The typical
chemical composition and physical properties of a
PFINODAL-type metal alloy suitable for use in this
invention are set forth in Table I below.

TABLE T

1. CHEMICAL COMPOSITION (wt. %)

NICKEL 14,5-15.5%
TIN 7.5-8.5%
COPPER BALANCE
COPPER AND NAMED ELEMENTS 99.9%

OTHER ELEMENTS 0.1% MAXIMUM

2. SELECTED PHYSICAL PROPERTIES

Electrical Conductivity 7.8 % IACS
at 68°F (20°C)
Electrical Conductivity 7.3 % IACS
at 392°F (200°C)
Thermal Capacity 0.09 Btu/1lb.°
(Specific Heat) at 68°
Thermal Conductivity 17 Btu/Ft.Ht.°F
-6 at 68°
Coefficient of Thermal 9.1x10 Per °F,
Expansion -6 68°F-572°F
16.4x10 Per °C,
6 20°C-200°C
Modulus of Elasticity 18.5x10 psi
(Tension) 6
Modulus of Rigidity 7.5810° psi 3
Density 0.323 1lb./in

As used in this description and in the appended
claims, the term "noble metal alloy" refers to a metal
alloy comprising one or more so called noble metals
which are not readily oxidized such as gold, silver,
mercury, platinum, zinc, palladium, iridium, rhodium,

ruthenium and osmium.
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A typical noble metal alloy which may be employed

in the instant invention comprises about 0-46 weight
percent palladium, about 3.0-40 weight percent silver,
about 10-20 percent copper, about 0-15 weight percent
platinum, about 0-3.0 weight percent nickel, about 0-
75.0 weight percent gold, and about 0-3.0 weight per-
cent zinc. Examples of noble metal alloys suitable
for use in the instant invention include alloys com-
mercially developed by the J.M. Ney Company and sold
under the trademark names "PALINEY" and "NEYORO", such
as PALINEY 6, PALINEY 7, PALINEY 9 and NEYORO G, with
PALINEY 6 being particularly preferred. These mate-
rials are described in J.M. Ney brochure C-1801-10B
rev. B (Jan. 1986). The chemical compositions and
physical properties of these alloys, which are typical
of those suitable for use as noble metal alloys in
this invention, are as set forth in Table II below.

Any conventional metallurgical bonding method
typically known to those skilled in the art may be
employed to bond the base and noble metal alloy
constituents, with electron beanm (EB) welding and
radio frequency (RF) diffusion bonding being pre-
ferred, and RF diffusion bonding being particularly
preferred.

In the past, the standard industry practice has
been to use EB welding for joining dissimilar metals.
For example, EB welding has been used commercially by
the Leach & Garner Company to join beryllium-copper
alloys with noble metals, although EB welding typi-
cally produces a large heat affected zone (HAZ) on
each side of the welded junction, the HAZ having a
width up to 0.030 inches. The large width of the HAZ,
together with its relatively slow cooling rate, causes
complex alloys known as intermetallics to be formed
which both weaken the composite and increase the
amount of noble metal alloy required in the final
product, thereby increasing the cost.
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Although EB welding may be employed, in a
particularly preferred embodiment of this invention
the base and noble metal alloy constituents of the
composite alloy are metallurgically bonded by means of
RF diffusion bonding, thereby avoiding the formation
of intermetallics and complex or undesirable alloys in
the bond area, and enhancing the electrical properties
of the composite. It has been discovered that by
employing RF diffusion bonding to join the constituent
alloys, the HAZ created is stronger than that created
by the EB welding technique. A crucial distinction
between the two bonding methods is that the RF diffu-
sion bonding technique joins the dissimilar alloys by
metallurgical diffusion, not liquefaction and subse-
quent solidification as in EB welding. The result is
that the composite exhibits no complex or undesirable
alloys in the bond area, with resulting enhanced
electrical properties.

The RF diffusion bonding technique employed in a
particularly preferred embodiment of this invention
typically causes overall metal temperature ranging
from 1000°F to the liquidus temperature of the alloy
constituents, typically 1000-2500°F, to achieve the
desired bonding results. The bond zone resulting in
the composite alloy has a typical width ranging from
0.001-0.025, say 0.002 inches. The HAZ produced by RF
diffusion bonding is stronger than a typical electron
beam welded HAZ due to both the heating and cooling
rates used to bond the dissimilar alloys and the size
and shape of the bond produced by metallurgical diffu-
sion instead of liquefaction and subsequent solidifi-
cation of the alloys.

In practicing this invention, the noble metal
alloy constituent is typically first work hardened and
shaped to a rectangular cross-~section prior to bond-
ing. Such shaping may be accomplished, for example,
by precision machining, by forming the noble metal
through a square die, or by "turksheading", a process
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known to those skilled in the art which involves pass-
ing a round wire through very small rollers aligned in
the desired geometry to shape round wire to a rectan-
gular cross-section with the desired face length.
After shaping, the noble metal is typically wound onto
a spool in transverse fashion, and subsequently
annealed in a manner known to those skilled in the
art, such as in a continuous strand annealing furnace,
at temperatures ranging from 1000-2000°F and a line
speed ranging from 1-10 feet per minute. After
annealing, the noble metal is quenched, a metallurgi-
cal term having its usual meaning, to avoid precipi-
tation, and subsequently allowed to slowly cool to
temperatures below 500°F. After cooling, the squared
and annealed noble metal constituent is typically
wound onto a spool in a transverse fashion. Round
PALINEY-type wires with tempers ranging from annealed
to hard may be used in this invention, and tempering
such that the squared wire ranges from annealed to
extra hard will be successful in this invention.

The base metal alloy constituent is typically
prepared for bonding by cutting and "rolling", a term
known to those skilled in the art, to a square cross-
sectional shape at the desired thickness. The edges
may thereafter be made perfectly square by a process
known to those skilled in the art as "edge skiving".
The base metal is then typically annealed in a manner
similar to that described above for the noble metal
alloy constituent, and wound onto a spool in a
transverse fashion.

The base and noble metal alloy constituents are
thereafter metallurgically bonded. As previously
discussed, RF diffusion bonding is particularly
preferred. This is typically accomplished by feeding
separate coils of each alloy into a RF bonding
apparatus which contains tooling to facilitate the
creation of an extremely localized zone of temperature
and pressure sufficiently high to cause metallurgical
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diffusion bonding of the noble metal to the base

metal. The bond formed is an even diffusion of the
noble metal into one edge of the base metal, with no
evidence of complex intermetallics, voids, pits or
other inconsistencies. As a result of the bonding
operation, the base metal grain structure resembles
that of annealed material in an area extending from
the bond up to about 1/2 inch from the bond. The bond
zone typically has a width of about 0.001-0.025
inches. The noble metal or PALINEY constituent
typically has a grain structure resembling that of an
annealed material after the bonding has been
accomplished.

Subsequent to bonding, the bonded composite is
typically brushed to remove minute particulate matter
which may have become attached to the surface of the
material during bonding, and thereafter is stress
relieved at temperatures typically in the range of
1200-2000°F, typically 1500-2000°F. Stress relieving
may be accomplished in the previously described
annealing furnace with a line speed ranging from 2.5-
10 feet per minute; the composite is then quenched and
allowed to gradually cool, as previously described.

After stress relieving, the composite is typi-
cally alternately reduced in thickness by rolling or
cold working and annealed. The composite is then
typically again stress relieved prior to final
mechanical reduction to temper and size. The compo-
site may then be edge skived to give the composite a
radius on its noble metal portion. The radius is
typically in the range of 0.0015-0.010 inches. This
curved edge will typically become the electrical
contact point for the components made from the
composite. By edge-skiving the composite material,
the need to tumble the finished parts is eliminated.
"Tumbling" is a metal working term known to those
skilled in the art, and is ordinarily standard indus-

try practice. However, because it causes distortion
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of parts and premature wear of the contact points, it

is highly advantageous if it can be eliminated.

After edge skiving, the composite may be stamped
to form the desired shaped parts in any conventional
stamping process known to those skilled in the art.
Subsequent to stamping, the parts may be heat treated
at temperatures in the range of 600-950°F, typically
700-950°F for periods ranging from 10 minutes to 4
hours to achieve the desired final metallurgical and
electrical properties.

In one preferred embodiment of the instant inven-
tion, a singular rectangular section of the noble
metal alloy constituent is RF diffusion bonded to a
singular rectangular section of the base metal alloy
constituent to produce a composite of this invention.
In this embodiment, as depicted in Figure 1A, noble
metal alloy constituent 2 has been bonded to base
metal alloy constituent 4 by means of RF diffusion
bonding, which produces bond zone 6. A composite such
as depicted in Figure 1A may be described as an "edge
lay" composite in that noble metal alloy 2 has been RF
diffusion bonded to one edge of base metal alloy 4.

An example of the process of this invention as
employed to produce such a composite is set forth in
Example 1 below. All temperatures in Example 1 are
oven temperatures unless otherwise stated.

EXAMPLE 1

A noble metal alloy material (PALINEY 6) having a
composition of about 44 weight percent palladium,
about 38 weight percent silver, about 16 weight per-
cent copper, about 1.0 weight percent platinum, and
about 1.0 percent nickel in the form of round-shaped
cross-section wire having a diameter of 0.062 inches
was work hardened to a three quarter to full-hardness
temper and shaped to a square cross-section with a
0.028 inch face length by turksheading. After
turksheading the wire to a 0.028 inch square
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cross-section, it was wound onto a spool in a

transverse fashion for annealing.

The annealing operation was carried out in a con-
tinuous strand annealing furnace in a protective
atmosphere of dissociated ammonia. The annealing
operation altered the temper of the noble metal alloy
material from full hard to annealed with corresponding
changes in the physical properties and grain struc-
ture. Temperatures ranging from 1150-1600°F in the
continuous furnace were employed while the wire was
fed into and moved through the furnace at speeds
ranging from 1-10 feet per minute. As the wire exited
the hot zone of the furnace, it was quenched in a
water-cooled chill block. Thereafter, the wire
entered a cooling chamber under protective atmosphere,
where it was allowed to gradually cool to less than
500°F. At this point, the squared annealed wire was
wound onto a spool in a transverse fashion.

The base metal alloy employed (PFINODAL C72900)
was a copper alloy strip with a chemical composition
of about 14.5-15.5 weight percent nickel, about 7.5-
8.5 weight percent tin, and the balance being copper
with about 0.1 weight percent or less comprising other
elements. This alloy initially had a thickness of
0.062 inches, a width of 2.125 inches and was in a
metallurgic condition known to those skilled in the
art as TBOO (corresponding to an annealed temper).

The material was first prepared by rolling to a square
cross-sectional shape with a 0.028 inch thickness and
slit to 0.61 inches in width. The rolling accom-
plished a tempering change in the alloy from TBOO
(annealed) to TD04 (full hard) with a resulting change
in its physical properties. The alloy was then edge
skived to have perfectly square edges, and thereafter
annealed and wound onto a spool.

The base metal and noble metal alloy constitu-
ents, as prepared above, were then bonded by means of
RF diffusion bonding. This was accomplished by
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feeding separate coils of the individual alloy mate-

rials into a RF bonding apparatus and tooling setup to
facilitate the creation of an extremely localized zone
of temperature and pressure sufficiently high to cause
metallurgical diffusion bonding of the noble metal to
the base metal. The bond zone created had a width of
about 0.002 inches. From this area onward, the grain
structure gradually diminished in size to approximate
that of the starting condition of the base material.
The bonded composite material was then recoiled as one
coil of bonded material.

Thereafter, the bonded composite was brushed and
subsequently stress relieved at a temperature of
1590°F and a line speed of three feet per minute.

This was accomplished in a small continuous strand
annealing furnace in a controlled atmosphere of
dissociated ammonia. The bonded material experienced
a one minute exposure at the above temperature. After
exiting the furnace, the stress relieved composite was
qguenched in a water-cooled chill block immediately
after the hot zone of the furnace, and the composite
then entered a cooling chamber under protective atmos-
phere where it gradually cooled to less than 500°F.

After cooling, the composite material was rolled
in several passes to reduce its thickness. In the
first pass, the thickness was reduced to 0.0196
inches; in the second pass it was reduced to 0.0147
inches; in the third pass it was reduced to 0.0118
inches; and in the fourth pass it was reduced to about
0.0100 inches. This rolling schedule and amount of
size reduction were employed to equalize the stresses
which resulted from the RF diffusion bonding process
and to sufficiently cold work the material for proper
thermal processing. The base alloy portion of the
composite underwent a change in temper from TB0O0-TDOl
to TD03-TD04, with corresponding changes in its grain
structure. The noble metal alloy portion of the
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composite underwent a change from an annealed state to

a 3/4-full hard state.

Subsequent to the above-described size reduction,
the composite was annealed at 1700°F and a line speed
of 5.5 feet per minute in the above-described furnace,
resulting in a full working anneal (i.e. all stresses
from the rolling operation were removed and the com-
posite had recrystallized and begun grain growth).
Both alloy constituents of the composite were
annealed, with corresponding physical properties and
grain structures. The annealing also resulted in
uniform grain structure in the base metal constituent
portion of the composite from the bond zone to the
opposite edge of the strip. After annealing, the
composite was again rolled in several passes to
further reduce its size and work-hardened to a full-
hard state. On the first pass the composite was
rolled to a thickness of 0.008 inches, on the second
pass to a thickness of 0.007 inches, and on the third
pass to a thickness of 0.0063 inches.

Subsequent to work-hardening, the composite was
annealed at 1600°F and a line speed of 5 feet per
minute in the furnace to fully anneal the composite.
Thereafter the composite was rolled in three passes as
follows: 1in the first pass the composite was reduced
in thickness to 0.0052 inches, in the second pass it
was reduced to 0.0043 inches, and in the third pass it
was reduced to 0.0038 inches. This reduction schedule
prepared the composite for the final annealing and
subsequent rolling to the temper required for stamping
and final heat treatment.

The composite was thereafter stress-relieved at
1575°F and a speed of 6 feet per minute in the fur-
nace. Subsequent to stress relieving, the composite
material had the physical properties of 1/4 hard
materials with a ductility comparable to that of the
annealed state.
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After stress relieving, the composite was reduced

in thickness by rolling to a thickness of 0.003 plus
or minus 0.0003 inches. This was the final thickness
required prior to stamping, and in addition gave the
composite a hardness in the TD01.5-TD02 range, with a
grain structure corresponding to that of a stress-
relieved material. The composite material was subse-
quently tension level rolled (a metal-working term
familiar to those skilled in the art) by a combination
of tension and deflection over small diameter rolls to
assure that the composite material was flat and
straight.

The composite was then edge skived to have a
0.0015 inch curved radius on the noble metal alloy
portion of the composite. After edge skiving, the
composite was inspected in coil form, and thereafter
stamped to form the desired shaped parts in a
conventional stamping process.

After stamping, the individual stamped parts were
heat treated at 800°F for 30 minutes to bring the
parts to their final mechanical and electrical proper-
ties. The heating was carried out in a controlled
atmosphere furnace with a microprocessor controlled
heating, time-at-temperature, and cooling cycle. The
parts were treated at temperatures of 750-850°F for
periods ranging from 10 minutes to 1.5 hours. The
metallurgical result of the heat treatment was
attainment of the spinodal decomposition in both the
base metal and noble metal alloy portions of the
composite, which strengthened the material. Although
one skilled in the art would expect the results of
this procedure to result in a set of physical proper-
ties for the composite typically corresponding to
about TS02, the example of this invention unexpectedly
resulted in improved metallurgical properties which
corresponded to about TS04.5-TS05. Furthermore, the
attained material compatibility in the composite

simultaneously optimized the mechanical properties of
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both alloy constituents, thereby greatly enhancing the
utility of the composite in its various intended
applications.

In another preferred embodiment of this inven-
tion, a singular rectangular section of noble metal
alloy constituent was RF diffusion bonded to two
separate rectangular sections of base metal alloy to
produce another embodiment of the composition of this
invention. 1In this embodiment, as depicted in Figure
1B, the noble metal alloy constituent 8 has been
bonded to each of two separate sections 10 and 12 of
base metal alloy constituent by means of RF diffusion
bonding, which produces respective bond zones 14 and
16. A composite such as depicted in Figure 1B may be
described as a "thrulay" composite in that the noble
metal alloy 8 is bonded on two parallel sides by the
base metal alloy sections 10 and 12, and therefore in
effect the noble metal alloy 8 has been laid through
base metal alloy sections 10 and 12. An example of
one embodiment of the process of this invention
employed to produce such a composite is set forth in
Example 2 below. All temperatures in Example 2 are
oven temperatures unless otherwise stated.

EXAMPLE 2

A noble metal alloy material (PALINEY 6) having a
composition as set forth in Example 1 in the form of
round-shaped wire having a diameter of 0.062 inches
was formed to a 0.038 inch by 0.070 inch rectangular
Cross-sectional wire using the same technique des-
cribed in Example 1. A base metal alloy material
(PFINODAL C72900, having the same composition pre-
viously described in Example 1) and an initial thick-
ness of 0.038 inches and an initial width of 1.02
inches in the TB0O (annealed) condition was prepared
by slitting to 1.000 +/- .001 inches in width and
machined to have perfectly square edges by edge
skiving. This same procedure was repeated so that two
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pieces of 0.038 inch by 1.000 +/- .001 inch TBOO base
metal material were available.

The noble metal alloy piece was placed between
the two base metal pieces, and the parallel faces of
the noble metal alloy were RF diffusion bonded to the
adjoining faces of each of the respective base metal
alloy pieces. This was accomplished with the same RF
bonding apparatus and tooling described in Example 1,
although slightly different fixturing was required to
hold the three individual pieces in close contact and
to concentrate heat at each bond line.

Thereafter, the bonded composite was subsequently
annealed at 1800°F with a line speed of 3 feet per
minute. The annealing operation was carried out in
the furnace described in Example 1. The composite was
then wet brushed to remove minute particulate matter
which may have become attached to the surface of the
material during bonding.

After cooling, the composite material was rolled
in several passes to reduce its thickness. 1In the
first pass, the thickness was reduced to 0.030 inches;
in the second pass it was reduced to 0.025 inches; in
the third pass it was reduced to 0.022 inches; and in
the fourth pass it was reduced to about 0.020 inches
in thickness.

The composite was then annealed at 1800°F with a
line speed of 3 feet per minute, the annealing pro-
cedure as previously described. After cooling, the
composite material was again rolled in two passes to
further reduce its thickness. 1In the first pass, the
thickness was reduced to 0.013 inches; in the second
pass it was reduced to 0.0095 inches.

Thereafter, the composite was once again
annealed, this time at a temperature of 1800°F and
line speed of 5 feet per minute. After annealing, the
composite was reduced in thickness by rolling to a
thickness in the first pass of 0.0066 inches, and in
the second pass to 0.0051 +/- 0.0002 inches. The
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composite was then stress relieved at 1550°F with a
line speed of 6 feet per minute in the above-described
furnace. The composite was then rolled to reduce it
to its final thickness of 0.0040 +/- 0.001 inches,
with no wedge in the material. Slitting of the
composite to a width of 0.707 +/- 0.002 inches was
done at this point along a line at the midpoint of the
noble metal portion to produce two "edge lay"
composites as previously described.

The composite material was subsequently tension
level rolled to insure that it was flat and straight.
The noble metal alloy portion of the composite mate-
rial was then edge skived to a 0.0015 inch radius on
the noble metal alloy portion. As in Example 1, this
dual bonded composite may be used in the fabrication
of electrical components; for example by stamping to
form the desired shape parts in any conventional
stamping process which is well known to those skilled
in the art.

Finally, as in Example 1, after stamping the
individual stamped parts may be heat treated at 800°F
for 30 minutes to bring the parts to their final
mechanical and electrical properties. The heat treat-
ing may be accomplished in the controlled atmosphere
furnace described in Example 1.

In another specific embodiment, the composite
material produced via the process described in Example
1 is used as a base material for fabricating electri-
cal components. More specifically, it is used to
fabricate an electrical contact and spring member
assembly where the electrical contact portion of the
assembly comprises the noble metal alloy portion of
the composite, and the spring member portion of the
assembly comprises the base metal portion of the
composite. The assembly may, for example, be stamped
from the composite of Example 1 and formed into its
final shape by conventional means well known to those
skilled in the art. The assembly is cost effective in
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that is requires the more expensive noble metal alloy

only for the contact portion of the assembly. In
addition, the assembly is advantageous in that the
spring member has the superior properties of the base
5 metal, the assembly as a whole has greater stability
at elevated temperatures, as well as minimal distor-
tion during age hardening. The assembly also has
optimum bi-metal compatibility in that it exhibits
excellent corrosion resistance, has well matched
10 thermal expansion properties between the various
alloys, and is strengthened by the spinodal decompo-
sition which takes place during treatment of the
composite as described in Example 1.
Figure 2 depicts one embodiment of the electrical
15 contact and spring member assembly of this invention,
in which a sliding contact (known to those skilled in
the art as a "wiper arm") often used in precision
potentiometers is stamped and formed from the com-
posite of this invention. Figure 2A is a full view of
20 the wiper arm in which the spring member portion 20 is
composed of base metal alloy and contact portion 22 is
composed of noble metal alloy, the alloys having been
RF diffusion bonded at bone zone 24 prior to stamping
and forming of the wiper arm. Spring member portion
25 20 of the wiper arm has a circular hole 26 for
connecting purposes made during stamping of the wiper
arm. As shown in Figure 2B, which is a side view of
the wiper arm, the contact portion 22 has a curved
surface 28 which was formed by edge skiving the noble
30 metal portion of the composite, thereby enhancing the
electrical contact point and avoiding the tumbling
procedure, as previously discussed.
Although this invention has been illustrated by
reference to specific embodiments, it will be apparent
35 to those skilled in the art that various changes and
modifications may be made which clearly fall within
the scope of this invention.
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Claims

A metallic composite characterized in that the
composite comprises at least one base metal alloy
constituent metallurgically bonded to at least
one noble metal alloy constituent by means of the
bonding of the adjoining faces of the base metal
and noble metal alloys.

A composite according to Claim 1, characterized
in that the base metal alloy comprises a major
amount of copper, about 10.0-20.0 weight percent
nickel, about 3.5-11.5 weight percent tin, and
less than about 1.0 weight percent of other
metals, and the noble metal alloy comprises about
0-46 weight percent palladium, about 3.0-40
weight percent silver, about 10-20 weight percent
copper, about 0-15.0 weight percent platinum,
about 0-3.0 weight percent nickel, about 0-75.0
weight percent gold, and about 0-3.0 weight
percent zinc.

A composite according to Claims 1-2, charac-
terized in that the base metal alloy comprises a
major amount of copper, about 14.5-15.5 weight
percent nickel, about 7.5-8.5 weight percent tin,
and less than about 0.1 weight percent of other
metals, and the noble metal alloy comprises about
44 weight percent palladium, about 38 weight
percent silver, about 16 weight percent copper,
about 1.0 weight percent platinum, and about 1.0
weight percent nickel.

A composite according to Claims 1-3, in which the
base metal and noble metal alloys are reduced in
thickness, formed into a rectangular shape with
squared edges and annealed prior to bonding.
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A composite according to Claims 1-4, charac-

terized in that bonding of the base and noble
metal alloys is accomplished by means of radio
frequency diffusion bonding at an overall metal
temperature of 1,000-2500°F, causing the
formation of a bond zone having a width of
0.001-0.025 inches at the interface of the bonded
edges.

A composite according to Claims 1-5, charac-
terized in that the composite is stress relieved
at a temperature in the range of 1200-2000°F
subsequent to bonding, and alternately reduced in
thickness and annealed subsequent to stress
relieving.

A composite according to Claim 6, characterized
in that the metallic composite is, subsequent to
annealing, further shaped to be square-edged with
the noble metal alloy portion curved at a radius
of 0.0015-0.010 inches along its exposed edge.

A composite according to Claims 1-7, charac-
terized in that the composite is stamped to form
electronic parts, the parts being heat treated at
temperatures ranging from 600-950°F subsequent to
stamping.

A process for producing a metallic composite
characterized in that the composite is formed of
at least one base metal alloy constituent and at
least one noble metal alloy constituent by the
process comprising metallurgical bonding of the
adjoining faces of the base metal and noble metal
alloys.

A process according to Claim 9, characterized in
that the base metal alloy comprises a major
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amount of copper, about 10.0-20.0 weight percent

nickel, about 3.5-11.5 weight percent tin, and
less than about 1.0 weight percent of other
metals, and the noble metal alloy comprises about
0-46 weight percent palladium, about 3.0-40
weight percent silver, about 10-20 weight percent
copper, about 0-15.0 weight percent platinum,
about 0-3.0 weight percent nickel, about 0-75.0
weight percent gold, and about 0-3.0 weight
percent zinc.

A process according to Claims 9-10, characterized
in that the base metal alloy comprises a major
amount of copper, about 14.5-15.5 weight percent
nickel, and about 7.5-8.5 weight percent tin, and
less than about 0.1 weight percent of other
metals, and the noble metal alloy comprises about
44 weight percent palladium, about 38 weight
percent silver, about 16 weight percent copper,
about 1.0 weight percent platinum, and about 1.0
weight percent nickel.

A process according to Claims 9-11, in which the
base metal and noble metal alloys are reduced in
thickness, formed into a rectangular shape with
squared edges and annealed prior to bonding.

A process according to Claims 9-12, in which
bonding of the base and noble metal alloys is
accomplished by means of radio frequency
diffusion bonding at an overall metal temperature
of 1,000-2500°F, causing the formation of a bond
zone having a width of 0.001-0.025 inches at the
interface of the bonded edges.

A process according to Claims 9-13, in which the
metallic composite is stress relieved at a
temperature in the range of 1200~2000°F

o
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subsequent to bonding, and alternately reduced in
thickness and annealed subsequent to stress

relieving.

A process according to Claim 14, in which the
metallic composite is, subsequent to annealing,
further shaped to be square-edged with the noble
metal alloy portion curved at a radius of
0.0015-0.010 inches along its exposed edge.

A process according to Claims 9-15, characterized
in that the composite is stamped to form
electronic parts, the parts being heat treated at
temperatures ranging from 600-950°F subsequent to
stamping.

A process according to Claims 9-16, characterized
by the steps of:

(a) preparing the base metal and noble
metal alloys for bonding by.tempering, reducing
thickness, machining the edges to square in
shape, and annealing;

(b) metallurgically bonding the adjoining
faces of the base and noble metal alloys;

(c) stress relieving the bonded composite;

(d) alternately reducing the thickness and
annealing the bonded composite;

(e) stress relieving the bonded composite;
and

(£) shaping and machining the composite to
square-edged with the noble metal alloy portion
of the composite having a curved exposed edge.

A process according to Claim 17, in which the
base and noble metal alloys are bonded by means
of radio frequency diffusion bonding.
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A method of producing an electrical contact and
spring member assembly, characterized in that the
assemby is formed from a composite of a noble
metal alloy contact and a base metal alloy spring
member, by the steps of:

(a) preparing the base and noble metal
alloys for bonding by tempering, reducing
thickness, machining edges to square in shape,
and annealing; 7

(b) metallurgically bonding the adjoining
faces of the base and noble metal alloys;

(c) stress relieving the bonded composite;

(d) alternately reducing the thickness and
annealing the bonded composite;

(e) stress relieving the bonded composite;

(£) flattening and straightening the
composite;

(g) shaping and machining the composite to
square-edged with the noble metal portion of the
composite having a curved exposed edge;

(h) stamping and forming the electrical
contact and spring member assembly from the
composite by conventional means; and

(1) heat treating the stamped and formed
assembly.

A method according to Claim 19, characterized in
that the base and noble metal alloys are bonded
by means of radio frequency diffusion bonding.

An electrical contact and spring member assembly
characterized in that the assembly is a composite
of a noble metal alloy contact and a base metal
alloy spring member, produced by the steps of:

(a) preparing the base and noble metal
alloys for bonding by tempering, reducing
thickness, machining edges to square in shape,
and annealing;
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(b) metallurgically bonding the adjoining
faces of the base and noble metal alloys;

(c) stress relieving the bonded composite;

(d) alternately reducing the thickness and

5 annealing the bonded composite;

(e) stress relieving the bonded composite;

(£) flattening and straightening the
composite;

(g) shaping and machining the composite to

10 square-edged with the noble metal portion of the
composite having a curved exposed edge;

(h) stamping and forming the electrical
contact and spring member assembly from the
composite by conventional means; and

15 (i) heat treating the stamped and formed
assembly.

22. An assembly according to Claim 21, characterized
in that the base and noble metal alloys are
bonded by means of radio frequency diffusion

20 bonding.
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