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Description

BACKGROUND OF THE INVENTION

This invention relates to copper base alloys for use in connector terminals in automobiles and other applications,
as well as connector terminals that are made of those copper base alloys.

In response to the recent advances in electronics technology, connector terminals for use in automobiles and other
applications have increasingly been required to satisfy the need for higher packing density, smaller scale, lighter weight
and higher reliability. On the other hand the constant improvement in the engine performance has led to a higher tem-
perature in the engine room. Under these circumstance, there has risen the need that the copper base alloys for termi-
nals that are used as conductive materials on the engine should have even higher reliability and heat resistance.
However, brass that has heretofore been used as an inexpensive copper base alloy for terminals has low electrical con-
ductivity (to take C26000 as an example, its electrical conductivity is 27% IACS); it also has problems with anti-stress
relaxation characteristics, corrosion resistance and stress corrosion cracking resistance. Further, phospher bronze has
high strength but its electrical conductivity (hereunder simply referred to as "conductivity”) is also low (to take C52100
as an example, its conductivity is ca. 12% IACS); in addition, it has problems with anti-stress relaxation characteristics,
and from an economic viewpoint (high price). Cu-Sn-Fe-P alloys have been developed with a view to solving those
problems of brass and phospher bronze. For example, Cu-2.0Sn-0.1Fe-0.03P has a conductivity of 35 % IACS and is
superior in strength; however, its anti-stress relaxation characteristics has not been completely satisfactory in view of
its use as an alloy for terminals.

For manufacturing highly reliable automotive terminals, it is necessary to use copper base alloys that are superior
in strength, spring limits and conductivity and that will cause neither stress relaxation nor corrosion after prolonged use.
However, none of the conventional copper base alloys, i.e., brass, phosphor bronze and Cu-Sn-Fe-P alloys, have sat-
isfied those requirements.

A further problem is that the terminals manufactured from the aforementioned copper base alloys reflect the char-
acteristics of those alloys in a straightforward manner. The terminals using brass, phosphor bronze or Cu-Sn-Fe-P
alloys do not satisfy the requirements for high conductivity and good anti-stress relaxation characteristics simultane-
ously, so they will generate heat by themselves, potentially causing various problems including oxidation, plate separa-
tion, stress relaxation, circuit voltage drop, and the softening or deformation of the housing.

SUMMARY OF THE INVENTION

An object, therefore, of the present invention is to provide a copper base alloy that is superior in all aspects of ten-
sile strength, spring limits, conductivity, anti-stress relaxation characteristics and bending workability. Another object of
the present invention is to provide a spring material and springs containing said copper base alloy, particularly for the
use in terminals. Another object of the present invention is to provide a terminal which at least has a spring made of the
above stated alloy or a terminal the whole of which, inclusive of its spring, is made of the above stated alloy formed in
one piece, either terminal being superior in resistance at low voltage and low current and in anti-stress relaxation char-
acteristics.

In order to attain these objects, the present inventors conducted repeated test and research efforts on Cu-Ni-Sn-P
alloys, as well as Cu-Ni-Sn-P-Zn alloys and found that characteristics satisfactory in terms of tensile strength, conduc-
tivity, anti-stress relaxation characteristics, anti-migration characteristics, as well as bending workability could be
attained by selecting appropriate compositions for those alloys, and causing uniform precipitation of fine precipitate of
Ni-P compound. It was also found that terminals with a built-in spring that was produced from those copper base alloys
or terminals that were entirely made of those copper base alloys including a spring as an integral part possessed supe-
rior characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a plate made of an ABS resin used as a jig for carrying out the migration test to
accomplish the present invention.

Fig. 2 is an illustrative side view of an apparatus for carrying out the migration test to accomplish the present inven-
tion.

Fig. 3 is a perspective view of an example of the female terminal of the present invention made by way of trial for
testing its performance.

Fig. 4 is a perspective view of another example of the female terminal of the present invention made by way of trial
for testing its performance.

Fig. 5 is a graph showing the relationship between the contact load and the conditions for heat treatment in the case
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of measuring the stress relaxation characteristics of the copper base alloy for terminals of the present invention.

Fig. 6 is a graph showing the relationship between the contact load and the conditions for heat treatment in the case
of measuring the stress relaxation characteristics of the copper base alloy for terminals of the present invention.

Fig. 7 is a graph showing the results of measurement of resistance at low voltage and low current in the tests of
electrical performance of the copper base alloy for terminals of the present invention.

Fig. 8 is a graph showing the results of measurement of resistance at low voltage and low current in the tests of
electrical performance of the copper base alloy for terminals of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In its first aspect, the present invention provides a copper base alloy for terminals that consists essentially, on a
weight basis, of 0.5 - 3.0 % Ni, 0.5 - 2.0 % Sn, 0.010 - 0.20 % P and the balance of Cu and incidental impurities.

In its second aspect, the present invention provides a copper base alloy for terminals that consists essentially, on
a weight basis, of 0.5 - 3.0 % Ni, 0.5 - 2.0 % Sn, 0.010 - 0.20 % P and the balance of Cu and incidental impurities, with
the ratio of Ni to P (Ni/P) being in the range of 10 - 50 and fine precipitates of Ni-P compound in the size of no larger
than 100 nm being uniformly dispersed in the alloy.

In its third aspect, the present invention provides a copper base alloy for terminals that consists essentially, on a
weight basis, of 0.5 - 3.0 % Ni, 0.5 - 2.0 % Sn, 0.010 - 0.20 % P and the balance of Cu and incidental impurities, with
the ratio of Ni to P (Ni/P) being in the range of 10 - 50 and fine precipitates of Ni-P compound in the size of no larger
than 100 nm being uniformly dispersed in the alloy, said alloy having a tensile strength of at least 500 N/mm?2. a spring
limit of at least 400 N/mm?, a stress relaxation of no more than 10%, a conductivity of at least 30 % IACS and a bending
workability given in terms of the ratio of R to t (R/t) of no more than 2, where R is a bend radius and t is a thickness of
the specimen.

In its fourth aspect, the present invention provides a copper base alloy for terminals that consists essentially, on a
weight basis, of 0.5 - 3.0 % Ni, 0.5 - 2.0 % Sn, 0.010 - 0.20 % P and 0.01 - 2.0 % Zn and the balance of Cu and inci-
dental impurities.

In its fifth aspect, the present invention provides a copper base alloy for terminals that consists essentially, on a
weight basis, of 0.5 - 3.0 % Ni, 0.5 -2.0 % Sn, 0.010 - 0.20 % P, 0.01 - 2.0 % Zn and the balance of Cu and incidental
impurities, with the ratio of Ni to P (Ni/P) being in the range of 10 - 50, fine precipitates of Ni-P compound in the size of
no larger than 100 nm being uniformly dispersed in the alloy.

In its sixth aspect, the present invention provides a copper base alloy for terminals that consists essentially, on a
weight basis, of 0.5 - 3.0 % Ni, 0.5 -2.0 % Sn, 0.010 - 0.20 % P, 0.01 - 2.0 % Zn and the balance of Cu and incidental
impurities, with the ratio of Ni to P (Ni/P) being in the range of 10 - 50, fine precipitates of Ni-P compound in the size of
no larger than 10 nm being uniformly dispersed in the alloy, said alloy having a tensile strength of at least 500 N/mm?,
a sprig limit of at least 400 N/mm?, a stress relaxation of no more than 10%, a conductivity of at least 30 % IACS and
a bending workability given in terms of the ratio of R to t (R/t) of no more than 2, where R is a bend radius and tis a
thickness of the specimen.

In its seventh aspect, the present invention provides a terminal with a built-in spring that is produced from a spring
material or a terminal that is entirely made of said spring material including a spring as an integral part, said spring
material being produced by melting a copper base alloy that consists essentially, on a weight basis, of 0.5 - 3.0 % Ni,
0.5-2.0% Sn, 0.010 - 0.20 % P and the balance of Cu and incidental impurities, said alloy being worked, after melting,
by hot- and cold- rolling.

In its eighth aspect, the present invention provides a terminal with a built-in spring that is produced from a spring
material or a terminal that is entirely made of said spring material including a spring as an integral part, said spring
material being produced by melting a copper base alloy that consists essentially, on a weight basis, of 0.5 - 3.0 % Ni,
0.5-2.0% Sn, 0.010 - 0.20 % P and the balance of Cu and incidental impurities, with the ratio of Ni to P (Ni/P) being
in the range of 10 - 50, fine precipitates of Ni-P compound within the size of no larger than 10 nm being uniformly dis-
persed in the alloy, said alloy being worked, after melting, by at least one of cold rolling and hot rolling.

In its ninth aspect, the present invention provides a terminal with a built-in spring that is produced from a spring
material or a terminal that is entirely made of said spring material including a spring as an integral part, said spring
material being produced by melting a copper base alloy that consists essentially, on a weight basis, of 0.5 - 3.0 % Ni,
0.5-2.0% Sn, 0.010 - 0.20 % P, 0.01 - 2.0 % Zn and the balance of Cu and incidental impurities, said alloy being
worked, after melting, by at least one of cold rolling and hot rolling.

In its tenth aspect, the present invention provides a terminal with a built-in spring that is produced from a spring
material or a terminal that is entirely made of said spring material including a spring as an integral part, said spring
material being produced by melting a copper base alloy that consists essentially, on a weight basis, of 0.5 - 3.0 % Ni,
0.5-2.0% Sn, 0.010 - 0.20 % P, 0.01 - 2.0 % Zn and the balance of Cu and incidental impurities, with a ratio of Ni to P
(Ni/P) being in the range of 10 - 50, fine precipitates of Ni-P compound within the size of no larger than 100 nm being
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uniformly dispersed in the alloy, said alloy being worked, after melting, by at least one of cold rolling and hot rolling.

In its eleventh aspect, the present invention provides a terminal to be used as a connector terminal in automobiles
and other applications, said terminal being one with a built-in spring that is produced from a spring material or a terminal
that is entirely made of said spring material including a spring as an integral part, said spring material being produced
by the method defined by any of the seventh through the tenth aspects given above.

Now, the invention will be described concretely hereinbelow.

First, the synoptic reason why the specific ranges have been determined for the elements to be added to the alloys
of the present invention will be explained below.

(1) Ni

Nickel (Ni) dissolves in the Cu matrix to provide improved strength, elasticity, heat resistance, anti-stress relaxation,
anti-migration and anti-stress corrosion cracking characteristics. Further, Ni forms a compound with P, which disperses
and precipitates to provide higher conductivity. If the Ni content is less than 0.5%, the desired effects will not be
achieved; if the Ni content exceeds 3.0%, its effects will be saturated and its economy will be impaired. Therefore, the
Ni content is specified to range from 0.5 to 3.0 wi%.

(2) Sn

Tin (Sn) also dissolves in the Cu matrix to provide improved strength, elasticity and corrosion resistance. If the Sn
content is less than0.5%, the desired effects will not be achieved with respect to the strength and elasticity,; if the Sn
content exceeds 2.0%, its effects will be saturated. Therefore, the Sn content is specified to range from 0.5 to0 2.0 wi%.

@®P

Phosphorus (P) not only works as a deoxidizer of the melt but also forms a compound with Ni, which disperses and
precipitates to improve not only conductivity but also strength, elasticity, and anti-stress relaxation characteristics. If the
P content is less than 0.005%, the desired effects will not be achieved; if the P content exceeds 0.20%, the conductivity,
workability and adhesive quality of soldering or plating after the heat treatment thereof will be severely impaired even
in the copresence of Ni, as well as anti-migration characteristics will be decreased. Therefore, the P content is specified
to range from 0.010 to 0.2 wi%, preferably from 0.02 to 0.15 wi%.

(4) Ni to P ratio

In the course of preparing copper base alloys according to the present invention, part of Ni added is combined with
part of P added to form a Ni-P compound, which uniformly disperses in the resulting alloy as finely powdered precipi-
tates to provide improved conductivity as well as improved strength, elasticity and anti-stress relaxation characteristics.
Therefore, the ratio of weight percentages of Ni to P (Ni/P) should preferably be limited within a specified range; prefer-
ably in the range of from 10 to 50; more preferably in the range of from 15 to 30. If the size of precipitated Ni-P com-
pound exceeds 100 nm, contribution of the precipitate to the improvement in strength, elasticity and anti-stress
relaxation characteristics and the bending workability will be impaired. Also, the life of a metal mold for pressing, which
comprises a punch made of a hard alloy and a die made of a tool steel, often decreases if the alloy structure contains
a large amount of Ni-P precipitate whose size exceeds 100 nm. Therefore, the size of Ni-P precipitate is specified to be
100 nm or less, more preferably 70 nm or less.

(5) Auxiliary components

Further, zin¢ (Zn), which can be added as an auxiliary component, has the ability to further improve the adhesive
quality of a plating layer to the surface of a copper base alloy, when heat treated after plating. However, if the Zn content
is up to 0.01%, the above-mentioned effects will not be achieved; if the Zn content exceeds 2.0%, its effects will be sat-
urated. Therefore, the Zn content within the range of 0.01 - 2.0 wt% is preferred. Next, we describe about the charac-
teristics of terminals according to the present invention.

The terms "insertion force"” and "extraction force™ herein used for connector terminals represent, respectively, the
"force required to insert a male terminal into a female terminal” and the "force required to break the male terminal away
from the female terminal”. Thus, the insertion force should preferably be small and the extraction force should preferably
be large. If the insertion force is unduly large, the male terminal cannot be readily inserted into the female terminal. This
causes a particular problem with circuits of high packing density because routine assembling operations cannot be
accomplished efficiently if the number of terminals to be connected increases. On the other hand, if the extraction force
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is too weak, separation occurs due to the vibration or an oxide film will easily form and the contact resistance is too
unstable to insure satisfactory electrical reliability for connectors.

Under the circumstances, the initial insertion/extraction force of the terminal is desirably from 1.5N to 30N and, to
this end, the terminal material to be used must have a tensile strength of at least 500 N/mm?, a spring limit of at least
400 N/mm? and, from a view point of good moldability of terminals, a value of R/t of 2 or less. In order to obtain better
bending workability, it is important that the crystal grain size is 50 um or less, more preferably 25 um or less.

The initial resistance at low voltage and low current is desirably small, preferably not more than 3 mQ. The value of
contact electric resistance is dependent primarily on how much the contact load on the coupling will decrease due to
heat cycles. However, the siress relaxation caused by spontaneous heat generation from the material as well as the
stress relaxation caused by the effects of temperature in the automobile's engine room or around the exhaust system
will also reduce the contact load, which eventually leads to a higher contact electric resistance.

To avoid this problem, the terminal material itself must not undergo stress relaxation greater than 10% upon stand-
ing at 150°C for 1,000 hours, and it is also required to have a tensile strength of at least 500 N/mm?, a spring limit of at
least 400 N/mm?, an electric conductivity of at least 30 % IACS and a stress relaxation after working into a spring of no
more than 20%.

The following examples are provided for the purpose of further illustrating the present invention.

Example 1

Alloys having the compositions shown in Table 1 were melted in a high-frequency melting furnace and hot-rolled at
850°C, after heating to this temperature, to a thickness of 5.0 mm. Then, each sheet was subjected to facing to a thick-
ness of 4.8 mm and by subsequent repitition of cold-rolling and heat treatment, sheets having a thickness of 0.2 mm
were obtained at a final reduction ratio of 67%.

The tensile strength, elongation and spring limit of each sheet were measured: at the same time, the bending work-
ability and stress relaxation characteristics of each sheet were investigated. The results are shown in Table 1 in com-
parison with those of conventionally used brass, phosphor bronze and Cu-Sn-Fe-P alloy.

The measurement of tensile strength, conductivity and spring limit were in accordance with JIS Z 2241, JIS H 0505
and JIS H 3130, respectively.

The bending workability of each sheet was evaluated by a 90° W bend test, in which according to CES-M0002-6
the sample was subjected to 90° W bend with a tool of R=0.1 mm and the surface state of the center ridge was evalu-
ated by the following criteria: X, cracking occurred; A, wrinkles occurred; O, good results. The bending axis was set to
be parallel to the rolling direction.

In a stress relaxation test, the test piece was bent in an arched way such that a stress of 400 N/mm? would develop
in the central part and the residual bend that remained after holding at 150°C for 1,000 hours was calculated as "stress
relaxation” by the following formula:

stress relaxation(%)={(L ;-L ,)/(L 1-L ;)}X100

where

Ly : the length of the tool (mm);

Ly: the initial length of the sample (mm)

Lo : the horizontal distance between the ends of the sample after the test (mm)

The migration test was conducted in the following way: A plate as shown in Fig. 1 (1: ABS resin; 2: opening) made
of ABS resin (2 mm(t) X 16 mm(w) X 72 mm(l)) and having in the central area thereof a circular opening was sand-
wiched by a pair of test pieces (each 0.2 mm(t) X 5 mm(w) X 80 mm(l)) and the resulting assembly was joined together
by winding around it at both upper and lower portions with separate pieces of Teflon tape. Then, the fixed assembly was
held in a testing vessel filled with tap water as shown in Fig. 2 (3: Teflon tape; 4: test piece; 5: tap water; 6: testing ves-
sel; 7: ammeter; 8: DC power source). The migration characteristics of each test piece was evaluated by measuring
maximum leakage current after 8 hours' application of 14 V DC voltage.

As shown in the above results, the alloy sample Nos. 1 - 8 prepared in accordance with the present invention had
a tensile strength of at least 500 N/mm?, a spring limit of at least 400 N/mm? and a conductivity of at least 30 % IACS
and their bending workability was also satisfactory. In addition, those samples had superior anti-stress relaxation char-
acteristics represented by having a stress relaxation of not greater than 10% and also had superior anti-migration char-
acteristics. It can therefore be concluded that the copper base alloys of the present invention are very advantageous for
use in terminals in automobiles and other applications.

The alloy sample Nos. 9 - 11 are comparison alloys made, respectively, of phosphor bronze, brass and Cu-Sn-Fe-
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P alloy.
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Example 2

The characteristics of terminals using the copper base alloys, of the present invention are described below specif-
ically with reference to an example. In order to evaluate the performance as a terminal, sheets of the alloys of the
present invention were press formed and checked for the most important objective of the present invention, i.e., stress
relaxation characteristics.

The alloys prepared in accordance with present invention were press formed into female terminals shown by 9 in
Fig. 3, each being equipped with a spring 10. The terminals were subjected to a post-heat treatment in order to provide
a good spring property.

The heat treatment consisted of heating at 180°C for 30 minutes in order to prevent excessive surface deterioration
so that Sn plating could subsequently be performed as a surface treatment of terminals. The so treated terminals were
subjected to a test for evaluating their stress relaxation characteristics. For comparison with prior art versions, female
terminals made from a Cu-Sn-Fe-P alloy and a brass material were also subjected to a heat treatment under the same
conditions and, thereafter, a performance test was conducted in the same manner.

The terminals had an initial insertion force ranging from 4.5 to 6.0N and their initial resistance at low voltage and
low current ranged from 1.510 2.0 mQ

The stress relaxation characteristics of the terminals was tested by the following method: the male terminal was fit-
ted into the female terminal and the assembly was subjected to a heat resistance test and the contact load was meas-
ured before and after the test. In the heat resistance test, the specimens were exPosed to 120°C for 300 hours. The test
results are shown in Fig. 5. The percent stress relaxation was calculated by the following formula:

stress relaxation(%)={(F {-F ,)/F {}X100

where
Fy: the initial contact load (N);
Fs: the contact load after the test (N);

The female terminal made of the prior art Cu-Sn-Fe-P alloy experienced a greater drop in contact load than the
female terminal made of the copper base alloy of the present invention and the stress relaxation of the former terminal
was ca. 30%. The brass terminal experienced ca. 50% stress relaxation. On the other hand, the stress relaxation of the
female terminal made of the copper base alloy within the scope of the present invention was ca. 12%, which satisfied
the requirement for the stress relaxation of no more than 20% and hence was superior to the comparative terminals.
Further, as shown in Fig. 6, the superiority of the terminals made of the alloy of the present invention was found to
increase by subjecting the alloy to the heat treatment after press working.

The same samples were subjected to a test for evaluating their electrical performance by leaving them to stand at
120°C for 300 hours, and the resistance at low voltage and low current was measured according to JIS C 5402 both
before and after the test. The results are shown in Fig. 7.

From the results shown above, one can clearly see that the copper base alloy of the present invention was also
superior to the conventional Cu-Sn-Fe-P alloy and brass in terms of electrical performance. Also, as shown in Fig. 8,
the superiority of the alloy of the present invention was found to be further improved by subjecting the alloy to the heat
treatment after the press working thereof.

Female terminals shown by 9 in Fig. 4 were shaped that had a built-in spring 10 made from the copper base alloy
of the present invention. The terminals were subjected to the same tests as in the case of the terminals depicted in Fig.
3 and the test results were as well as in the case of the terminals shown in Fig. 3.

The foregoing results demonstrate that the terminals using the copper base alloy of the present invention excel in
performance as automotive terminals. It should, however, be noted here that the copper base alloy of the present inven-
tion and the terminals made of that alloy are also applicable, with equal effectiveness, to transportation instruments
such as aircraft, ships, etc. as well as to public welfare instruments inclusive of TV, radio, computer, etc.

Table 2
Sample No. Initial Contact Load (N) | Contact Load after 300 | Stress Relaxation (%)
Hours (N)
Invention Alloy 7.9 6.8 13.9
Cu-Sn-Fe-P System Alloy 75 5.1 32.0
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Table 2 (continued)

Sample No. Initial Contact Load (N) | Contact Load after 300 | Stress Relaxation (%)
Hours (N)
Cu-Zn System Alloy 7.4 3.3 55.4

Example 3

Alloys having the compositions shown in Table 3 were melted in a high-frequency melting furnace and hot-rolled at
850°C to a thickness of 5.0 mm. The surface of each slab was scalped to a thickness of 4.8 mm and by subsequent
repetition of cold-rolling operations and heat treatments, sheets having a thickness of 0.2 mm were obtained at the final
reduction ratio of 67%.

The tensile strength, elongation and spring limit of each sheet were measured; at the same time, the bending work-
ability and stress relaxation characteristics of each sheet were investigated. The results are shown in Table 3 in com-
parison with those of conventionally used brass, phosphor bronze and Cu-Sn-P-Fe alloy.

As the above results show, the alloy sample Nos. 12 - 19 prepared in accordance with the present invention had a
tensile strength of at least 500 N/mm?2, a spring limit of at least 400 N/mm?, and a conductivity of at least 30 % IACS,
and their bending workability was also satisfactory. In addition, those samples had superior stress relaxation character-
istics as given by a stress relaxation ratio of not greater than 10% as well as superior anti-migration characteristics. Fur-
ther, in the production of the alloy of the present invention, there have been no special difficulties in any of the process
steps inclusive of melting, casting, hot rolling, cold rolling, heat treatment, pickling, etc. and alloys could be produced in
good yield.

In contrast, the comparison alloy sample No. 20, whose P content is lower and whose Ni/P ratio is larger than the
alloy of the present invention, is inferior to the alloy of the present invention in tensile strength, spring limit, and stress
relaxation characteristics. It is considered that this is because the P content and the Ni/P ratio of the comparison alloy
are out of the suitable ranges defined in the present invention, and therefore, tensile strength, elasticity and anti-stress
relaxation characteristics are unduly low.

The comparison alloy sample No. 21, whose P content is higher and whose Ni/P ratio is less than the alloy of the
present invention, is inferior in both the bending workability and stress relaxation characteristics. It is considered that
this is because the alloy has unduly increased amount of P and decreased value of Ni/P ratio, and therefore the amount
of precipitate of the Ni-P system compound becomes excessively large to result in products with decreased bending
workability and stress relaxation characteristics.

Additional disadvantages encountered in the production process include poor fluidity of the melt during the step of
casting and not a small number of "rough surface” occurrances on the surface of an ingot. Among the further disadvan-
tages, there are "side crackings” as appeared during the step of hot rolling, "the problem of removing oxide films" to be
done in the step of pickling which follows the step of heat treatment, decrease in yield, and increase in time of treatment.
Thus, it was expected that the production cost would increase.

Comparison alloy sample No. 22, which contains less Ni than the alloy of the present invention, is inferior to the
alloy of the present invention, due to the less Ni content, in tensile strength, elasticity, anti-stress relaxation and anti-
migration characteristics. In order to obtain the alloy having satisfactory tensile strength, elasticity, anti-stress relaxation
and anti-migration characteristics, no less than 0.5% of Ni should be contained together with an appropriate amount of
P and Sn.

Comparison alloy sample No. 23, which contains less Ni and less P than the alloy of the present invention and
which has a larger value of the Ni to P ratio (NI/P) is inferior to the alloy of the present invention, due to the less Ni con-
tent, in tensile strength, elasticity, anti-stress relaxation and anti-migration characteristics. In order to obtain an alloy
having satisfactory tensile strength, elasticity, anti-stress relaxation and anti-migration characteristics, the alloy should
contain no less than 0.5% of Ni and no less than 0.005% of P together with a proper amount of Sn.

A comparison alloy sample No. 24, which contains less Ni but more P than the alloy of the present invention, is infe-
rior in bending workability and stress relaxation. It can be speculated that due to the presence of a large amount of P,
the value of ratio of Nito P (Ni/P) is small, which causes excessive precipitation of Ni-P system compounds to result in
the decrease in bending workability and stress relaxation characteristics. Further disadvantage is that in the process of
manufacturing the fluidity is impaired and ingots often exhibit rough-surface defects. Further disadvantages include side
crackings as appeared during the step of hot rolling, problems of removing oxide films in the step of pickling after the
step of heat treatment, decrease in yield, expanding of treating time. Thus, it can be speculated that the production cost
increases.

Comparison alloy sample No. 25, which contains more Ni than the alloy of the present invention, is inferior in con-
ductivity and bending workability. The addition of Ni in an amount more than a proper amount will merely increase the
amount of Ni which dissolves in the Cu matrix to result in the decrease in electric conductivity as well as the decrease
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in bending workability.

Comparison alloy sample No. 26, which contains less Sn than the alloy of the present invention, is inferior in tensile
strength and elasticity. If the Sn content is less than the amount defined in the present invention, satisfactory character-
istics will not be obtained with respect to tensile strength and elasticity even if the contents of Ni and P are appropriate
and the value of the Ni/P ratio is proper.
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Alloys having the compositions shown in Table 4 were melted in a high-frequency melting furnace and hot-rolled at
850°C to a thickness of 5.0 mm. The surface of each slab was scalped to a thickness of 4.8 mm and by subsequent
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repetition of cold-rolling operations and heat treatments, sheets having a thickness of 0.2 mm with a final reduction ratio
of 67% were obtained. In the course of executing these operations, conditions of heat treatments (age-precipitation)
were varied in order to vary the sizes of precipitates and the crystal grain diameters thereof. As regards precipitates, an
average diameter of the largest 10 precipitate particles determined by transmission electron microscopy, wherein the
specimen being observed at three phases at the magnification of 50,000X, was shown as the size of the precipitate.
Crystal grain diameters were evaluated according to JIS H 0501.

Then, with respect to the above mentioned materials, the tensile strength, elongation and spring limit were meas-
ured; at the same time, the bending workability and stress relaxation characteristics were investigated. The results are
shown in Table 4 in comparison with one another.

As shown by the above results, all the alloy sample Nos. 27 - 34 prepared in accordance with the present invention
had a tensile strength of no less than 500 N/mm?, a spring limit of no less than 400 N/mm? and a conductivity of no less
than 30% IACS, and their bending workability was also satisfactory. In addition, these samples had superior stress
relaxation characteristics of no less than 10% as well as superior anti-migration characteristics.

In contrast, the alloy sample Nos. 35 - 42 prepared in accordance with the conventional method which comprises
precipitates whose size exceeds 100 nm or whose crystal grain size exceeds 50 um, showed decreased bending work-
ability and they were inferior to the alloy of the present invention in any other characteristic properties inclusive of tensile
strength, spring limit, anti-stress relaxation characteristics, and anti-migration characteristics.

11
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The copper base alloy of the present invention for use in terminals is superior in tensile strength, spring limit, elec-
tric conductivity, anti-stress relaxation characteristics, anti-migration characteristics and bending workability. In addition,

a terminal which is constructed by the alloy of the present invention and which has a spring in it is superior in the resist-
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ance at low voltage and low current as well as stress relaxation characteristics, and therefore the alloy has a remarkable
advantage from a view point of industry.

That is, according to the present invention, there is provided a copper base alloy for use in a terminal which has an
electric conductivity of as high as at least 30% IACS and also has both high tensile strength and high spring limit as well
as superior stress relaxation characteristics of not higher than 10%. There is further provided a terminal which has con-
tained in its structure a spring made of the alloy of the present invention or a terminal wholly made of the alloy of the
present invention inclusive of its spring, the terminal having proper initial properties inclusive of a proper insertion power
in the range of 1.5 - 30 N, a proper resistance at low voltage and low current of no more than 3 mQ and a proper stress
relaxation characteristics of no more than 20%.

Claims

1. A copper base alloy for the use in terminals that consists essentially, on a weight basis, of 0.5 - 3.0 % Ni, 0.5 - 2.0
% Sn, 0.010 - 0.20 % P, and optionally 0.01 - 2.0 % Zn, the balance being Cu and incidental impurities.

2. The copper base alloy for the use in terminals according to claim 1, with the ratio of Nito P (Ni/P) being in the range
of 10 - 50 and fine precipitates of Ni-P compound in the size of no larger than 100 nm being uniformly dispersed in
the alloy.

3. The copper base alloy for the use in terminals according to claim 2, said alloy having a tensile strength of at least
500 N/mm?, a spring limit of at least 400 N/mm?, a stress relaxation of no more than 10%, a conductivity of at least
30% IACS and a bending workability given in terms of the ratio of R to t (R/t) of no more than 2, where R is a bend
radius and t is a thickness of the specimen.

4. A spring for the use in terminals that contains a spring material being produced by melting a copper base alloy
according to any one of claims 1 to 3, said alloy being worked, after melting, by at least one of cold rolling and hot
rolling.

5. A terminal with a built-in spring that is produced from a spring material or a terminal that is entirely made of said
spring material including a spring as an integral part, said spring material being produced by melting a copper base
alloy according to any one of claims 1 to 3, said alloy being worked, after melting, by at least one of cold rolling and
hot rolling.

6. The terminal according to claim 5 for the use as a connector terminal in automobiles and other applications.

13
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