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(57) A composite contact including a first layer com-
posed of a Cu-Cr mixture wherein powder or granular
Cr with an average particle diameter of 0.1 to 150 µm
and powder or granular Cu with an average particle di-
ameter of 0.1 to 150 µm are mixed at a rate of 15 to 60
wt% of Cr and the remainder of Cu, and a second layer
composed of Cu. The first layer and the second layer

are united with each other, while Cu of the first layer en-
ters the second layer within a range from 20 µm to 100
µm from a boundary surface between the first layer and
the second layer and Cu in the second layer enters the
first layer within a range from 20 µm to 100 µm from the
boundary surface.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Appli-
cations No. 2004-82961 filed on March 22, 2004, and
No. 2004-258155 filed on September 6, 2004; and the
entire contents of which are incorporated herein by ref-
erence.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a composite
contact realizing consistency of the interruption charac-
teristic with the particularly stable temperature charac-
teristic (temperature rise suppression characteristic), a
vacuum switch provided with a vacuum valve including
the composite contacts and a method for manufacturing
the composite contact.

Description of the Background

[0003] In a vacuum circuit breaker, the three basic re-
quirements of the large current interruption characteris-
tic, withstand voltage characteristic, and welding resist-
ance characteristic are given priority. But there are con-
flicting characteristics among the requirements, so that
all the requirements cannot be met by a single contact
material. In addition to the three basic requirements, the
temperature characteristic (suppression of excessive
temperature rise) and the characteristic of waste resist-
ance of a material are also important. Therefore, many
contact materials in practical use are developed so as
to mutually compensate for insufficient properties. Main-
ly because a Cu-Cr contact maintains the three basic
requirements to a certain extent, and moreover the va-
por pressure characteristics of Cu and Cr at high tem-
perature are approximate to each other, after interrup-
tion, the contact surface has a comparatively smooth
surface damage characteristic. Generally, the Cu-Cr
contact has a stable temperature characteristic.
[0004] Further, as a contact excellent in the withstand
voltage characteristic, a Cu-W contact is known. Mainly
because the contact maintains the three basic require-
ments to a certain extent and the fusion temperature
property and harness property of tungsten are high, the
Cu-W contact generally has a stable arc-proof property
and a stable waste resistance property and is widely
used.
[0005] However, in recent years, the vacuum circuit
breaker has been daily applied to a circuit having a
chance of interruption of a larger current or application
of a higher voltage, and due to miniaturization of the de-
vice, remarkable consumption and a strong welding
phenomenon are seen on the contact surface. As a re-

sult, even on the Cu-Cr contact and Cu-W contact, in-
stabilization of the temperature characteristic is seen,
and a contact meeting the temperature characteristic
and interruption characteristic in addition to the three ba-
sic requirements has been required. However, no re-
sponse has been realized and a vacuum valve provided
with both characteristics is required.
[0006] Our research shows that the contact charac-
teristic of a Cu-Cr alloy or a Cu-W alloy depend on var-
ious factors such as variations in the Cr amount or W
amount of the alloy, the particle size and particle size
distribution of Cr particles or W particles, the segrega-
tion degree of Cr or W, and the degree of voids existing
in the alloy. However, although the optimization of these
factors is being advanced, in the aforementioned recent
adaptation status, variations are seen undesirably in the
temperature characteristic.
[0007] An example of the general vacuum valve for
executing a current interruption in a high vacuum using
the arc diffusion property in a vacuum is shown in Fig.
9. It is structured so that a vacuum container 4 is formed
by airtightly sealing end plates 2 and 3 to the openings
at both ends of an insulating cylinder 1, and fixed and
movable opposite contacts 5 and 6 are separatably in-
stalled in the vacuum container 4. Further, a fixed power
supply shaft 7 of the contact 5 is airtightly attached to
the end plate 2, and a movable power supply shaft 8 of
the contact 6 is movably and airtightly attached to the
end plate 3 via a bellows 9. The surroundings of the con-
tacts 5 and 6 are surrounded by an arc shield 10, and
moreover a bellows cover 11 of the bellows 9 is attached
to the movable power supply shaft 8. In such a vacuum
valve, when the movable power supply shaft 8 is oper-
ated in the pull-out direction and the contacts 5 and 6
are separated by an operation mechanism not drawn,
an arc generated between the contacts 5 and 6 is dif-
fused in the vacuum when the current zero point is ob-
tained and is interrupted.
[0008] For the contacts 5 and 6, to maintain and im-
prove the interruption characteristic and temperature
rise characteristic, various arts as described in Patents
Documents 1 to 8 are proposed.
[0009] In Patent Document 1, as another means for
reducing the stagnation and concentration of an arc, a
contact having a plurality of contact areas having differ-
ent boiling temperatures on a contact electrode and as-
sisting a movement of the arc is disclosed.
[0010] In Patent Document 2, as another means for
reducing the stagnation and concentration of an arc, a
contact having a plurality of contact areas having differ-
ent boiling temperatures on a contact and assisting a
movement of the arc is disclosed.
[0011] In Patent Document 3, as another means for
reducing the stagnation and concentration of an arc, as
an art for contriving not only a contact material but also
the electrode structure to interrupt a large current, an
art for installing a coil electrode so as to apply an axial
magnetic field in parallel with an arc axis generated be-
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tween electrodes at the time of interruption is disclosed.
[0012] In Patent Document 4, as a contact aiming at
an excellent large current interruption property, a Cu-Cr
alloy containing about 50% of Cr (weight percent) is dis-
closed.
[0013] In Patent Document 5, a contact composed of
a plurality of layers such as a first layer and a second
layer connected to each other by a conductive compo-
nent is disclosed.
[0014] In Patent Document 6, a contact composed of
a plurality of layers formed in the direction of the thick-
ness from the surface in which the layer close to the sur-
face contains a large amount of an arc-proof component
is disclosed.
[0015] In Patent Document 7, a contact made of an
alloy composed of 74 to 88% of W with an average par-
ticle diameter of 0.4 to 6 µm, 0.001 to 5% of Mo with an
average particle diameter of 0.4 to 4 µm, when neces-
sary, 0.001 to 5% of Fe with an average particle diam-
eter of 0.4 to 4 µm, and the remainder of Cu, in which
particularly W and Mo are united with each other within
a range of average particle size from 0.4 to 10 µm, is
proposed.
[0016] In Patent Document 8, a contact in which a 10
to 33% Cu-W alloy layer (area 1) is an arced face, and
a 35 to 75% Cu-W alloy layer (area 2) is a contact or a
joined face with the conductive shaft, and the area 1 and
area 2 are united with each other, and the area 1 has a
thickness of at least 0.3 mm, and the area 2 has a thick-
ness of at least 0.5 mm is proposed.

Patent Document 1: Japanese Patent Disclosure
(Kokai) Sho 62-64012
Patent Document 2: Japanese Patent Disclosure
(Kokai) Sho 63-266720
Patent Document 3: Patent 1140613
Patent Document 4: Japanese Patent Publication
(Kokoku) Sho 45-35101
Patent Document 5: Japanese Patent Disclosure
(Kokai) Hei 4-206122
Patent Document 6: Japanese Patent Disclosure
(Kokai) Hei 9-312120
Patent Document 7: Japanese Patent Disclosure
(Kokai) Hei 10-199379
Patent Document 8: Japanese Patent Disclosure
(Kokai) 2001-273842

[0017] In any art of Patent Documents 1, 2, and 3,
even if a contact composed of the aforementioned two
kinds or more of contact electrodes at different arc volt-
ages simply arranged on the same face and an axial
magnetic field electrode are used, the arc is concentrat-
ed on a part at a low arc voltage. As a result, the contact
electrodes do not function so that the arc moves suffi-
ciently, and the characteristics of the art of the axial mag-
netic field effective in a large current interruption cannot
be used effectively. The arc generated by the interrup-
tion may be stagnated and concentrated on a part at a

low arc voltage on the contact and electrode and from
the viewpoint of material and structure, no stable tem-
perature characteristic is obtained.
[0018] In Patent Document 4, the Cu-Cr alloy is widely
used as a contact that Cr itself has almost the same va-
por pressure characteristic as that of Cu and the high
voltage and large current interruption characteristic can
be made consistent with each other by a strong gas get-
ter operation. However, since Cr having a high activity
is used, during manufacture of a contact material (the
sintering process, etc.) and during processing of a con-
tact material to a contact piece, selection of raw material
powder, mixing of impurities, and control of the atmos-
phere are taken into consideration. However, a contact
in which the large current interruption characteristic and
contact resistance characteristic of the vacuum valve
are improved more is desired.
[0019] In Patent Document 5, an arc-proof compo-
nent exists in any of a plurality of layers and the temper-
ature rise as a whole of the contact cannot be reduced
sufficiently.
[0020] In Patent Document 6, similarly to the afore-
mentioned, an arc-proof component exists in any of a
plurality of layers and the temperature rise as a whole
of the contact cannot be reduced sufficiently.
[0021] In Patent Document 7, Mo is united with W as
an auxiliary component, so that the wetting property be-
tween Cu and W is improved, and the adhesive strength
of W and Mo is improved. Thus W particles are prevent-
ed from scattering and falling, and the withstand voltage
characteristic and temperature characteristic are im-
proved, though no sufficient temperature characteristic
is obtained yet.
[0022] In Patent Document 8, a contact is composed
of an area 1 and an area 2, and the area 1 has a fine
uniform structure to obtain a stable reignition character-
istic, and in the area 2, to increase the conductivity as
a whole of the contact, a big Cu phase is provided, and
moreover the Cu ratio is made higher than that of the
area 1. However, the suppression for the total resistance
of the area 1 and area 2 is restricted and the temperature
characteristic cannot be improved sufficiently.

SUMMARY OF THE INVENTION

[0023] An object of the present invention is to provide
a composite contact realizing consistency of the inter-
ruption characteristic with the particularly stable temper-
ature characteristic, a vacuum switch provided with a
vacuum valve including the composite contacts and a
method for manufacturing the composite contact.
[0024] According to an aspect of the present inven-
tion, there is provided a composite contact including a
first layer composed of a Cu-Cr mixture wherein powder
or granular Cr with an average particle diameter of 0.1
to 150 µm and powder or granular Cu with an average
particle diameter of 0.1 to 150 µm are mixed at a rate of
15 to 60 wt% of Cr and the remainder of Cu, and a sec-
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ond layer composed of Cu. The first layer and the sec-
ond layer are united with each other, while Cu of the first
layer enters the second layer within a range from 20 µm
to 100 µm from a boundary surface between the first
layer and the second layer and Cu in the second layer
enters the first layer within a range from 20 µm to 100
µm from the boundary surface.
[0025] According to another aspect of the present in-
vention, there is provided the composite contact accord-
ing to Claim 1, Claim 8 or Claim 11, wherein, the powder
or granular Cr with an average particle diameter of 0.1
to 150 µm is replaced with any of powder or granular W,
carbide of W, Mo, and carbide of Mo with an average
particle diameter of 0.1 to 15 µm. The Cu-Cr mixture is
replaced with any of a Cu-W mixture, a mixture of Cu
and carbide of W, a mixture of Cu and Mo, and a mixture
of Cu and carbide of Mo, wherein any of powder or gran-
ular W, carbide of W, Mo, and carbide of Mo with an av-
erage particle diameter of 0.1 to 15 µm and powder or
granular Cu with an average particle diameter 0.1 to 15
µm are mixed at a rate of 50 to 90 wt% of any of W,
carbide of W, Mo, and carbide of Mo and the remainder
of Cu.
[0026] According to a further aspect of the present in-
vention, there is provided a vacuum switch provided with
a vacuum valve including the composite contacts ac-
cording to claim 1.
[0027] According to still another aspect of the present
invention, there is provided a method for manufacturing
a composite contact, comprising the steps of, step for
preparing a first layer composed of a Cu-Cr mixture
wherein powder or granular Cr with an average particle
diameter of 0.1 to 150 µm and powder or granular Cu
with an average particle diameter of 0.1 to 150 µm are
mixed at a rate of 15 to 60 wt% of Cr and the remainder
of Cu, step for preparing a second layer composed of
Cu, step for placing the first layer to contact with the sec-
ond layer, and step for primary heating the second layer
and the first layer contacted with the second layer at a
temperature of 900 to 1150°C, thereby to realize alloy-
ing of the Cu-Cr mixture in the first layer and alloying of
the boundary surface between the first and second lay-
ers at the same time and to unite the first layer and the
second layer.
[0028] The present invention can provide a composite
contact realizing consistency of the interruption charac-
teristic with the particularly stable temperature charac-
teristic, a vacuum switch provided with a vacuum valve
including the composite contacts and a method for man-
ufacturing the composite contact, and contribute to re-
alization of high performance of a vacuum switch.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] A more complete appreciation of the invention
and many of the attendant advantages thereof will be
readily obtained as the same becomes better under-
stood by reference to the following detailed description

when considered in connection with the accompanying
drawings, wherein:

Fig. 1 is a table showing evaluation conditions of
Examples 1 to 9 and Comparison examples 1 to 10
of vacuum valve composite contacts according to
the present invention;
Fig. 2 is a table showing evaluation results of Ex-
amples 1 to 9 and Comparison examples 1 to 10 of
vacuum valve composite contacts according to the
present invention;
Fig. 3 is a table showing evaluation conditions of
Examples 10 to 22 and Comparison examples 11
to 14 of vacuum valve composite contacts accord-
ing to the present invention;
Fig. 4 is a table showing evaluation results of Ex-
amples 10 to 22 and Comparison examples 11 to
14 of vacuum valve composite contacts according
to the present invention;
Fig. 5 is a table showing evaluation conditions of
Examples 31 to 42 and Comparison examples 18
to 29 of vacuum valve composite contacts accord-
ing to the present invention;
Fig. 6 is a table showing evaluation results of Ex-
amples 31 to 42 and Comparison examples 18 to
29 of vacuum valve composite contacts according
to the present invention;
Fig. 7 is a table showing evaluation conditions of
Examples 43 to 58 and Comparison examples 30
to 31 of vacuum valve composite contacts accord-
ing to the present invention;
Fig. 8 is a table showing evaluation results of Ex-
amples 43 to 58 and Comparison examples 30 to
31 of vacuum valve composite contacts according
to the present invention; and
Fig. 9 is a cross sectional view showing a configu-
ration example of a representative vacuum valve in
which the vacuum valve composite contacts relat-
ing to the present invention are used.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Referring now to the drawings, wherein like ref-
erence numerals designate identical or corresponding
parts throughout the several views, the embodiments of
this invention will be described below.
[0031] Hereinafter, the embodiments of the present
invention will be explained in detail.
[0032] A first embodiment of the present invention is
a vacuum valve composite contact characterized in that
in a structural body in which with the surface of a second
layer composed of Cu, a first layer composed of a Cu-Cr
mixture wherein powder or granular Cr with an average
particle diameter (diameters of unspherical particles are
converted to those of spherical particles) of 0.1 to 150
µm and powder or granular Cu with a similar average
particle diameter are mixed at a rate of 15 to 60 wt% of
Cr and the remainder of Cu makes contact, the first layer
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and second layer kept in contact with each other are
united with each other by the primary heating process
at a temperature between 900°C and 1150°C for, for ex-
ample, 0.25 hours so as to realize alloying of the Cu-Cr
mixture and alloying of the boundary surface of the first
and second layers at the same time, and the first and
second layers are united with each other while mutually
letting Cu of the second layer and Cu of the first layer
enter within a range from 20 µm to 100 µm from the
boundary surface. More in detail, the first and second
layers must be electrically united with each other.
[0033] By doing this, in the temperature rise test under
the same condition (on one end face of the power supply
shaft with a diameter of 20 mm, a contact with a diameter
of 42 mm and a thickness of 3 mm is attached by brazing
so as to make both contacts touch, and a load of 100 kg
is applied between them, and the surface temperature
of the side of the power supply shaft is measured), the
temperature rise value can be improved by about 4 to
5°C (suppressed to a lower value), and it contributes to
the improvement of the temperature characteristic
which is an object of the present invention.
[0034] Here, powder or granular Cr with an average
particle diameter (diameters of unspherical particles are
converted to those of spherical particles) of 0.1 to 150
µm may be replaced with powder or granular W with an
average particle diameter (diameters of unspherical
particles are converted to those of spherical particles)
of Q.1 to 15 µm and a Cu-Cr mixture may be replaced
with a Cu-W mixture wherein powder or granular W and
powder or granular Cu with a similar average particle
diameter are mixed at a rate of 50 to 90 wt% of W and
the remainder of Cu.
[0035] Namely, a point of manufacture under the con-
dition of this embodiment is that the first and second lay-
ers are in contact with each other, so that before the
primary heating or in the temperature rise process, par-
ticularly the removal of the gas component existing in
the Cu-Cr mixture (or the Cu-W mixture) out of the mix-
ture is easy and efficient and after all, the gas amount
in the Cu-Cr alloy (or Cu-W alloy) after sintering can be
reduced.
[0036] Another point of manufacture under the condi-
tion of this embodiment is that alloying of Cu and Cr of
the Cu-Cr mixture (or alloying of Cu and W of the Cu-W
mixture) and alloying of the neighborhood of the bound-
ary surface of the first and second layers are realized at
the same time, when Cu of the second layer enters the
Cu-Cr alloy (or the Cu-W alloy) of the first layer and Cu
of the Cu-Cr alloy (or the Cu-Cr alloy) of the first layer
enters Cu of the second layer mutually within a range
from 20 µm to 100 µm. An advantage by simultaneous
realization of the two kinds of alloying is that the inside
of the Cu-Cr alloy (or the Cu-W alloy) and the boundary
surface of the first and second layers can be united with
each other without being contaminated by the atmos-
phere (during the heat treatment, during preparation be-
fore sintering, or during storage). As a result, reduction

in the gas amount inside the Cu-Cr alloy (or the Cu-W
alloy), improvement of the boundary surface strength
between the first and second layers, and improvement
of the thermal conductivity (temperature characteristic)
can be realized. Furthermore, in the process of both Cu
to enter within a range from 20 µm to 100 µm, both Cus
continue to enter while removing faults (fine gaps, im-
purities, gas components, etc.) existing on the opposite
side from the neighborhood of the boundary surface of
the first and second layers and can clean the neighbor-
hood of the boundary surface, thus a composite contact
having an excellent temperature characteristic is ob-
tained.
[0037] Further, when Cu in the first layer and Cu in the
second layer mutually enter the other layer to alloy the
neighborhood of the boundary surface of the first and
second layers, the boundary surface may remain as it
was. However, when the alloying proceeds more and
the boundary surface almost disappear, the tempera-
ture characteristic and interruption characteristic are im-
proved more.
[0038] The reason that the temperature of the primary
heating process is set to 900 to 1150°C is that when the
temperature is lower than 900°C, the temperature of the
Cu-Cr composite contact (or the Cu-W composite con-
tact) after alloying is increased high (the temperature
characteristic is inferior) and the interruption character-
istic becomes inferior, while when the temperature is
higher than 1150°C, voids remain easily inside the com-
posite contact, and the temperature characteristic is re-
duced undesirably.
[0039] If the heating time is less than 0.25 hours, the
temperature rise of the Cu-Cr composite contact after
alloyed is large and the interruption characteristic is also
inferior. If the heating time is more than 5 hours, the suf-
ficient strength of the composite contact is obtained, but
the other parts are softened unnecessarily, and it is eco-
nomically inferior.
[0040] Here, the state that "Cu in the first layer and
Cu in the second layer mutually enter just within a range
from 20 µm to 100 µm" means that Cu in the first layer
enters the second layer just within a range from 20 µm
to 100 µm through the boundary surface and Cu in the
second layer enters the first layer just within a range
from 20 µm to 100 µm through the boundary surface.
Namely, even if the amount is 100 µm or more, when
the other one is less than 20 µm (the entry amount from
the boundary surface is less than 20 µm), the mechan-
ical contact strength between the first and second layers
is insufficient, and a warp occurs, and separation from
the boundary part occurs undesirably. When the entry
amount is more than 100 µm, the strength is desirably
sufficient. However, for a long processing time needed
for such as more than 100 µm, the contact characteristic
is changed due to composition changes of the constitu-
ent components in the first layer, and the other parts are
softened unnecessarily, and it is economically inferior,
thus it is excluded.
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[0041] Further, as for the entry amount from the
boundary surface, the distance (depth) of the entry into
the first layer or the second layer from the boundary sur-
face varies, so that the average value thereof is as-
sumed as the entry amount.
[0042] Obtaining the state that "Cu in the first layer
and Cu in the second layer mutually enter just within a
range from 20 µm to 100 µm" is decided by the mutual
relation between the degree of progress of sintering of
the first layer and the entry degree of Cu in the neigh-
borhood of the boundary surface between the first and
second layers and is neither decided nor predicted only
by the magnitudes of temperature, time, and material
diffusion coefficient as in general diffusion. Namely, the
degree of progress of sintering of the first layer depends
on the particle diameter of Cr (or W), the purity of Cr (or
W), and control of the quality of the atmosphere at the
time thermal unification. The entry degree of Cu in the
neighborhood of the boundary surface between the first
and second layers depends on the contact status (con-
tact area, contact force, contact surface cleanliness) of
the first and second layers and control of the purity of
the first and second layers.
[0043] Cu of the second layer in this embodiment is,
for example, a Cu plate, a Cu sintered article, and a Cu
molded product. With the surface of the second layer,
the first layer composed of a Cu-Cr mixture (or a Cu-W
mixture) wherein powder or granular article (hereinafter,
represented by powder) Cr with an average particle di-
ameter of 0.1 to 150 µm (or powder or granular (here-
inafter, represented by powder) W with an average par-
ticle diameter of 0.1 to 15 µm) and powder or granular
(hereinafter, represented by powder) Cu with a similar
average particle diameter are uniformly mixed must
make contact and be installed. Further, in this embodi-
ment, in the state that the Cu-Cr mixture (or the Cu-W
mixture) (the first layer) is installed on the surface of Cu
(the second layer), the two layers must make contact
with each other, and there is no vertical position rela-
tionship in arrangement between them. Further, a case
that Cu (the second layer) is loaded on the top of the
Cu-Cr mixture (or the Cu-W mixture) is included.
[0044] As an average particle diameter of Cr (or W)
in the first layer in this embodiment, when powder of 0.1
µm or less is used, the gas amount contained in the
Cu-Cr alloy (or the Cu-W alloy) after alloying is apt to
increase, and not only the current interruption charac-
teristic is reduced but also the temperature characteris-
tic is reduced (the temperature rise value is increased).
Further, as an average particle diameter of Cr in the first
layer, when powder of 150 µm or more (in a case of W,
powder of 15 µm or more) is used, the temperature char-
acteristic of the contact after composition is undesirably
reduced (greatly varied). The interruption current char-
acteristic is also varied. As mentioned above, selection
of the particle diameter of Cr powder (or W powder) is
useful as an auxiliary art to accomplish the object of the
present invention.

[0045] Cu of the second layer of the present invention
is preferably of low hardness. The Vickers hardness
(hereinafter, referred to as Hv) of Cu in this case is Hv
= 60 or less, preferably Hv = 50 or less, though the hard-
ness of general Cu is about Hv = 60 to 80 or so (or when
the first layer is a Cu-W alloy, the hardness of Cu of the
second layer is Hv = 60 or less, though the hardness of
general Cu is Hv = 60 to 80 or so). By reducing the hard-
ness, when laminating the first layer and second layer,
the boundary surface of the two layers are put into a
preferable contact state (a favorable state for Cu in the
first layer and Cu in the second layer to mutually enter
20 µm or more). As a result, changing the Cu-Cr mixture
to a Cu-Cr alloy (or changing the Cu-W mixture to a Cu-
W alloy) and alloying the boundary surface between the
first layer and the second layer can be realized at the
same time. Here, first layer and second layer are united
with each other, while Cu of the second layer and Cu of
the first layer mutually enter within a range from 20 µm
to 100 µm from the boundary surface, and a preferable
temperature characteristic is obtained.
[0046] In this embodiment, when the Cu phase in the
first layer and Cu and Cr in the Cu-Cr alloy (or Cu and
W in the Cu-W alloy) are sufficiently softened to low
hardness, a good contact state is obtained similarly and
a preferable temperature characteristic is obtained. The
Vickers hardness of Cu in this case is Hv = 60 or less,
preferably Hv = 50 or less, though the hardness of gen-
eral Cu is Hv = 60 to 80 or so. Although the hardness of
general Cr is Hv = 220 to 270 or so, the hardness of Cr
is Hv = 220 or less, preferably Hv = 200. (Or, in a case
of the Cu-W alloy, the Vickers hardness of Cu is Hv =
60 or less, though the hardness of general Cu is Hv =
60 to 80 or so. Although the hardness of general W is
Hv = 400 to 500 or so, the hardness of W is preferably
Hv = 360 or less.) These hardness can be adjusted by
the pre-heat treatment and adjustment of the purity. As
mentioned above, selection of the hardness is an aux-
iliary art to accomplish the object of the present inven-
tion.
[0047] The second embodiment of the present inven-
tion is a vacuum valve composite contact characterized
in that in a structural body in which with the surface of
a second layer composed of Cu, a first layer composed
of a Cu-Cr mixture wherein powder or granular Cr with
an average particle diameter (diameters of unspherical
particles are converted to those of spherical particles)
of 0.1 to 150 µm and powder or granular Cu with a similar
average particle diameter are mixed at a rate of 15 to
60 wt% of Cr and the remainder of Cu makes contact,
the first layer and the second layer are united with each
other by the primary pressurizing process at pressure
of 6 ton/cm2 or less and then united with each other by
the primary heating process at a temperature between
900°C and 1150°C so as to realize alloying of the Cu-Cr
mixture and alloying of the boundary surface of the first
and second layers at the same time, and the first and
second layers are united with each other while mutually
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letting Cu of the second layer and Cu of the first layer
enter within a range from 20 µm to 100 µm from the
boundary surface.
[0048] Here, powder or granular Cr with an average
particle diameter (diameters of unspherical particles are
converted to those of spherical particles) of 0.1 to 150
µm may be replaced with powder or granular W with an
average particle diameter (diameters of unspherical
particles are converted to those of spherical particles)
of 0.1 to 15 µm and a Cu-Cr mixture may be replaced
with a Cu-W mixture wherein powder or granular W and
powder or granular Cu with a similar average particle
diameter are mixed at a rate of 50 to 90 wt% of W and
the remainder of Cu.
[0049] Namely, in this embodiment, firstly, so as to
bring Cu fully into contact with the Cu-Cr mixture (or the
Cu-W mixture), the two layers are preferably brought in-
to contact at a contact pressure of 6 ton/cm2 or less in-
cluding 0 and are loaded, and then so as to increase the
relative density of the Cu-Cr mixture (or the Cu-W mix-
ture) after sintering to 90% or more, the mixture is heat-
ed and sintered, for example, at 900°C, so that the
Cu-Cr mixture is alloyed to a Cu-Cr alloy (or the Cu-W
mixture is alloyed to a Cu-W alloy) and is connected to
Cu (the second layer).
[0050] Further, in this embodiment, the reason that
the primary pressurizing process as an auxiliary art is
set to 6 ton/cm2 or less is that when the pressure is more
than 6 ton/cm2, a one-side touch phenomenon (contact
only on one specific part, concentration of the contact
points) occurs on the contact surfaces between the two
layers, and it is not preferable for reservation of the con-
tact area, and at the time of current interruption or
switching, the temperature rise value is varied undesir-
ably. The lower limit is defined as that a case that one
of Cu and the Cu-Cr mixture (or the Cu-W mixture) op-
posite to it acts its own weight on the other is included.
Zero indicates the own weight.
[0051] Further, in this embodiment, the reason that
the primary heating process as an auxiliary art is set to
1150°C or less is that when the temperature is higher
than 1150°C, not only generation of voids is seen in the
first layer of the composite contact but also the alloying
of the boundary surface between the first and second
layers of the composite contact proceeds excessively,
and the Cu entry amount is hardly controlled to 100 µm
or less, and a stable temperature characteristic cannot
be obtained. As for the primary heating time, it is simi-
larly required more than 0.25 hours.
[0052] Further, in this embodiment, in the state that
the Cu-Cr mixture (or the Cu-W mixture) (the first layer)
is installed on the surface of Cu (the second layer), the
two layers must make contact with each other, and there
is no vertical position relationship in arrangement be-
tween them. Further, a case that Cu (the second layer)
is loaded on the top of the Cu-Cr mixture (or the Cu-W
mixture) is included.
[0053] The third embodiment of the present invention

is a vacuum valve composite contact characterized in
that in a structural body in which with the surface of a
second layer composed of Cu, a first layer composed of
a Cu-Cr mixture wherein powder or granular Cr with an
average particle diameter (diameters of unspherical
particles are converted to those of spherical particles)
of 0.1 to 150 µm and powder or granular Cu with a similar
average particle diameter are mixed at a rate of 15 to
60 wt% of Cr and the remainder of Cu makes contact,
the first layer and the second layer are united with each
other by the primary heating process at a temperature
between 900°C and 1150°C and then united with each
other by the primary pressurizing process at pressure
of 6 ton/cm2 or less so as to realize alloying of the Cu-Cr
mixture and alloying of the boundary surface of the first
and second layers at the same time, and the first and
second layers are united with each other while mutually
letting Cu of the second layer and Cu of the first layer
enter within a range from 20 µm to 100 µm from the
boundary surface.
[0054] Here, powder or granular Cr with an average
particle diameter (diameters of unspherical particles are
converted to those of spherical particles) of 0.1 to 150
µm may be replaced with powder or granular W with an
average particle diameter (diameters of unspherical
particles are converted to those of spherical particles)
of 0.1 to 15 µm and a Cu-Cr mixture may be replaced
with a Cu-W mixture wherein powder or granular W and
powder or granular Cu with a similar average particle
diameter are mixed at a rate of 50 to 90 wt% of W and
the remainder of Cu.
[0055] Namely, in this embodiment, instead of the uni-
fication by the primary heating process after the unifica-
tion by the primary pressurizing process as in the sec-
ond embodiment, unification by the primary heating
process is executed first and then unification by the pri-
mary pressurizing process is executed. Even if the order
of the unification by the primary pressurizing process
and the unification by the primary heating process is in-
terchanged like this, the same effect as that of the sec-
ond embodiment can be obtained.
[0056] The fourth embodiment of the present inven-
tion is a vacuum valve composite contact characterized
in that in a structural body in which with the surface of
a second layer composed of Cu, a first layer composed
of a Cu-Cr mixture wherein powder or granular Cr with
an average particle diameter (diameters of unspherical
particles are converted to those of spherical particles)
of 0.1 to 150 µm and powder or granular Cu with a similar
average particle diameter are mixed at a rate of 15 to
60 wt% of Cr to the remainder of Cu makes contact, the
first layer and the second layer kept primarily pressu-
rized at pressure of 6 ton/cm2 or less are united with
each other by the primary heating process at a temper-
ature between 900°C and 1150°C so as to realize alloy-
ing of the Cu-Cr mixture and alloying of the boundary
surface of the first and second layers at the same time,
and the first and second layers are united with each oth-
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er while mutually letting Cu of the second layer and Cu
of the first layer enter within a range from 20 µm to 100
µm from the boundary surface.
[0057] Here, powder or granular Cr with an average
particle diameter (diameters of unspherical particles are
converted to those of spherical particles) of 0.1 to 150
µm may be replaced with powder or granular W with an
average particle diameter (diameters of unspherical
particles are converted to those of spherical particles)
of 0.1 to 15 µm and a Cu-Cr mixture may be replaced
with a Cu-W mixture wherein powder or granular W and
powder or granular Cu with a similar average particle
diameter are mixed at a rate of 50 to 90 wt% of W and
the remainder of Cu.
[0058] Namely, by this embodiment, the unification by
the pressurizing process and the unification by the heat-
ing process are executed at the same time, so that the
first and second layers are less contaminated, have a
higher quality, and can be united with each other effi-
ciently in a shorter time than those of the second and
third embodiments, and a composite contact having a
more excellent temperature characteristic is obtained.
[0059] The fifth embodiment of the present invention
is a vacuum valve composite contact characterized in
that in a structural body in which with the surface of a
second layer composed of Cu, a first layer composed of
a Cu-Cr mixture wherein powder or granular Cr with an
average particle diameter (diameters of unspherical
particles are converted to those of spherical particles)
of 0.1 to 150 µm and powder or granular Cu with a similar
average particle diameter are mixed at a rate of 15 to
60 wt% of Cr and the remainder of Cu makes contact,
the unification of the first layer and second layer by the
primary pressurizing process at pressure of 6 ton/cm2

or less and the unification by the primary heating proc-
ess at a temperature between 900°C and 1150°C are
executed at the same time or either of them is executed
and then the other is executed. Then at least one of the
unification by the secondary pressurizing process at
pressure of 4 ton/cm2 or more and the unification by the
second heating process at 1080°C or less is executed
so as to realize the alloying of the Cu-Cr mixture and the
alloying of the boundary surface of the first and second
layers at the same time, and the first and second layers
are united with each other while mutually letting Cu of
the second layer and Cu of the first layer enter within a
range from 20 µm to 100 µm from the boundary surface.
[0060] Here, powder or granular Cr with an average
particle diameter (diameters of unspherical particles are
converted to those of spherical particles) of 0.1 to 150
µm may be replaced with powder or granular W with an
average particle diameter (diameters of unspherical
particles are converted to those of spherical particles)
of 0.1 to 15 µm and a Cu-Cr mixture may be replaced
with a Cu-W mixture wherein powder or granular W and
powder or granular Cu with a similar average particle
diameter are mixed at a rate of 50 to 90 wt% of W and
the remainder of Cu.

[0061] Namely, by this embodiment, for the first and
second layers, the unification by the primary pressuriz-
ing process and the unification by the primary heating
process are executed at the same time or either of them
is executed and then the other is executed, and then
moreover, at least one of the unification by the second-
ary pressurizing process and the unification by the sec-
ondary heating process is executed, so that the first and
second layers can be united with each other efficiently
in a shorter time than that of the first to fourth embodi-
ments, and a composite contact having a more excellent
temperature characteristic is obtained.
[0062] If the temperature in the secondary heating
process is more than 1080°C, when the secondary pres-
surizing process is set to a pressure of 4 ton/cm2, the
effect is similar to those obtained by the primary heating
process and primary pressurizing process. If the tem-
perature in the secondary heating process is 1080°C or
more, the reaction at the boundary surface is excessive-
ly advanced, and thereby the composite contact be-
comes easy to fragile.
[0063] Further, in this embodiment, the reason that
the secondary pressurizing process as an auxiliary art
is set to pressure of 4 ton/cm2 or more is that it is useful
in realization of higher density of the first layer.
[0064] Further, in this embodiment, the reason that
the temperature of the secondary heating process as an
auxiliary art is set to 1080°C or less is that it is useful in
suppression of an occurrence of cracking in the first lay-
er after the unification by heating and prevention of gen-
eration of voids.
[0065] The sixth embodiment of the present invention
is characterized in that in the vacuum valve composite
contact described in any of the first to fifth embodiments,
after alloying of the Cu-Cr mixture (or the Cu-W mixture)
and alloying of the boundary surface between the first
and second layers are realized at the same time, Cu of
the second layer is a Cu plate or a Cu sintered article
practically having the relative density value of Cu.
[0066] Namely, according to this embodiment, when
the second layer is assumed as a Cu plate practically
having the relative density value of Cu, that is, a relative
density of at least 8.0 gr/cc, high temperature conduc-
tivity of the second layer is realized and a composite
contact having an excellent temperature characteristic
is obtained. Further, in a Cu plate having a relative den-
sity of lower than 8.0 gr/cc, the generation of heat be-
comes undesirably higher, and the temperature charac-
teristic is reduced, and the mechanical strength is insuf-
ficient, thus the composite contact is undesirably de-
formed (Cu having a relative density of 8.0 gr/cc is equiv-
alent to about 90% of the density of pure Cu). In a com-
posite contact using Fe or SUS as a second layer, the
temperature characteristic is undesirably reduced.
[0067] Further, according to this embodiment, when
the second layer is assumed as a Cu sintered article
practically having the relative density value of Cu, that
is, a relative density of at least 8.0 gr/cc and very little
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voids remaining in the Cu sintered article are deformed,
they perform a buffer action for easing external force at
the time of current interruption.
As a result, generation of a minute arc on the composite
contact surface can be suppressed, so that a composite
contact having a temperature characteristic for sup-
pressing the surface roughness of the composite con-
tact surface, contributing to realization of high conduc-
tivity, and suppressing the temperature rise of the con-
tact surface low is obtained.
[0068] Further, in a Cu sintered article having a rela-
tive density of lower than 8.0 gr/cc, the generation of
heat becomes undesirably higher, and the temperature
characteristic is reduced, and the mechanical strength
is insufficient, thus the composite contact is undesirably
deformed
[0069] Further, W of the first to sixth embodiments
mentioned above may be replaced with any of a carbide
of W, Mo, and a carbide of Mo. Furthermore, a part of
or all of Cu in the first layer may be replaced with Ag.
[0070] The seventh embodiment of the present inven-
tion is characterized in that in the vacuum valve com-
posite contact described in any of the first to sixth em-
bodiments, after alloying of the Cu-Cr mixture and alloy-
ing of the boundary surface between the first and sec-
ond layers are realized at the same time, Cu of the first
layer contains an amount of 0.5 wt% or less of at least
one of Cr, Al, Si, and Fe.
[0071] Namely, according to this embodiment, Cu of
the first layer contains an amount of 0.5 wt% or less of
at least one of Cr, Al, Si, and Fe, so that the interruption
characteristic is improved, thus a composite contact
having a stable temperature characteristic free of me-
chanical changes is obtained. When the amount of at
least one of Cr, Al, Si, and Fe is more than 0.5 wt%, the
temperature characteristic is reduced. As mentioned
above, selection of the component of at least one of Cr,
Al, Si, and Fe in less than a predetermined amount in
Cu of the first layer is useful as an auxiliary art for ac-
complishment of the object of the present invention.
[0072] The eighth embodiment of the present inven-
tion is characterized in that in the vacuum valve com-
posite contact described in any of the first to seventh
embodiments, the thickness of the first layer is set be-
tween 0.5 mm and 3.0 mm, and the thickness of the sec-
ond layer is set between 0.5 mm and 3.0 mm, and the
total thickness of the first layer and second layer is set
between 1.0 mm and 5.0 mm (when the first layer is a
Cu-W mixture, the thickness of the first layer is set be-
tween 0.5 mm and 5.0 mm, and the thickness of the sec-
ond layer is set between 1.0 mm and 3.0 mm, and the
total thickness of the first layer and second layer is set
between 1.5 mm and 7.0 mm), and the first layer is a
contact surface, and the second layer is a support ped-
estal of the first layer.
[0073] Namely, according to this embodiment, by an
auxiliary art for optimizing the thickness of the first layer,
the thickness of the second layer, and the total thickness

thereof playing an important role in the electric resist-
ance, not only the material resistance as a whole can
be reduced but also the thickness is also reduced (made
smaller) more within a predetermined range, so that the
whole composite contact elastically responds to me-
chanical external force at the time of interruption. As an
effect of optimization of the thickness of the first and sec-
ond layers (the thickness of the composite contact), the
first and second layers are thin for external force applied
to the contact surface at the time of interruption or
switching, so that it is important to obtain an effect that
the contact surface can follow while flexibly reserving
the contact area. When the first and second layers are
thick beyond the aforementioned upper limits, the con-
tact surface becomes point contact and cannot follow
while flexibly reserving the contact area, and the actual
contact area is not increased, and the effect of improve-
ment of the temperature characteristic is low.
[0074] As mentioned above, when the thickness of
the first and second layers is set to an appropriate value
within a range of a predetermined value, not only an aux-
iliary effect that the material resistance can be reduced
is obtained but also it acts so as to ensure the actual
contact area of the contact surface large, and by the syn-
ergistic effect thereof, it has an action of contributing to
more stabilization of the temperature characteristic.
[0075] The knowledge for the synergistic effect is that
the effect is not simple pursuit of an optimal value only
by changing the material thickness. A precondition is
that the selection of the thickness within the range that
for deformation by external force, the whole composite
contact can follow the deformation, the selection of Cu
and 15 to 60 wt% of Cr as the first layer (or selection of
Cu and 15 to 90 wt% of W), the selection of Cu having
a relative density of 8.0 gr/cc or more which is fully sof-
tened as the second layer, and the first and second lay-
ers are laminated and are used respectively as a contact
surface and a support member. By the combination of
the above-described precondition and a main condition
that Cu of the second layer and Cu of the first layer have
boundary surface through which they mutually enter
within a range from 20 µm to 100 µm, the synergistic
effect depends on a composite contribution that these
factors mutually affect closely the temperature charac-
teristic.
[0076] As a result, a composite contact that the tem-
perature rise is reduced and an excellent temperature
characteristic is provided is obtained.
[0077] Further, as an auxiliary art, when the thickness
of the first layer is less than 0.5 mm, if the number of
interruptions and the number of switchings are in-
creased, in all of or a part of the material of the first layer,
evaporation, scattering, and consumption are seen, and
for example, by trouble of generation of a welding fault
or a withstand voltage fault due to exposure of the sec-
ond layer, surface roughness is caused undesirably. In-
versely, when the thickness of the first layer is more than
3 mm (when the first layer is Cu-W mixture, more than
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5 mm), the electric resistance of the material is in-
creased in correspondence to it, and not only the tem-
perature of the contact surface undesirably rises greatly
but also the actual contact area cannot be ensured un-
desirably.
[0078] On the other hand, if the thickness of the sec-
ond layer is less than 0.5 mm (when the first layer is a
Cu-W mixture, less than 1 mm), when the second layer
is used as a support pedestal of the first layer, the
strength is insufficient and the composite contact is de-
formed as a whole undesirably. The deformation causes
non-uniformity of the contact state and reduction in the
temperature characteristic. When the thickness of the
second layer is more than 3 mm, the deformation ca-
pacity of the first layer to flexibly follow in order to ensure
the contact area is reduced, and the contact area of the
first layer is not increased, and not only the improvement
effect of the temperature characteristic is low but also
the electric resistance of the material is increased in cor-
respondence to it, and the temperature of the contact
surface is undesirably increased greatly. Furthermore,
the total value of the thickness of the first layer and the
thickness of the second layer, by the same reason, is
preferably 5 mm or less (when the first layer is a Cu-W
mixture, 7 mm or less).
[0079] The ninth embodiment of the present invention
is characterized in that in the vacuum valve composite
contact described in any of the first to seventh embodi-
ments, Cu of the first layer composed of a Cu-Cr mixture
contains 0.001 to 1 wt% of at least one of Bi, Te, and Sb.
[0080] Namely, this embodiment is useful in further
improvement of the welding resistance characteristic.
[0081] Next, the operations of these embodiments will
be explained.
[0082] In the vacuum circuit breaker, when there are
quality faults in the contact material, a case that the in-
terruption characteristic and temperature characteristic
are varied or a desired function is not fulfilled is seen.
[0083] The inventors examined the contact material
used for a vacuum valve, compared it with the vacuum
valve characteristic, and found that the following (a) - (f)
strongly take part in the temperature characteristic.

(a) the intrinsic resistance of the contact material
itself.
(b) the intrinsic resistance of the fixed power supply
shaft itself.
(c) the intrinsic resistance of the movable power
supply shaft itself.
(d) the thickness of the contact material and the
thickness of the Cu layer.
(e) the junction status between the contact and the
fixed power supply shaft.
(f) the junction status between the contact and the
movable power supply shaft.

[0084] In addition to it, (g) the deterioration status of
the surface of the contact surface (surface roughness,

adhesion degree of contaminants) due to the lapse of
interruption or switching also takes part in reduction in
the temperature characteristic.
[0085] Firstly, (a), (b), and (c) can be confirmed be-
forehand, by controlling the obstruction conditions for
effectively fulfilling the present invention such as, with
respect to the composition ratio of the contact material,
application of 15 to 60% Cr-Cu (or 50 to 90% W-Cu), for
Cu of the second layer, a relative density of 8.0 gr/cc or
more, and for example, use of a Cu plate or a Cu sin-
tered article, that is, when the contact material and the
materials of the fixed and movable power supply shafts
are decided. When the amount of Cr in the Cu-Cr alloy
of the first layer is less than 15% (or when the amount
of W in the Cu-W alloy is less than 50%), the arc-proof
property when the current is interrupted is not sufficient,
so that the material of the contact surface area is dam-
aged severely, and the contact resistance is changed
remarkably, and the temperature characteristic is re-
duced. When the amount of Cr is 15% or more (or the
amount of W is 50% or more), the arc-proof property is
improved and the temperature characteristic is stabi-
lized. However, at the composite contact that a Cu-Cr
alloy in which the amount of Cr is more than 60% (or a
Cu-W alloy in which the amount of W is more than 90%)
is arranged in the first layer of the present invention, a
reduction in the interruption characteristic is seen and
the temperature characteristic (heat conduction) is re-
duced undesirably.
[0086] Next, (d) is related to the thickness of the first
and second layers. The first effect for that the thickness
of the first and second layers is reduced is that, since
the thickness of the first layer, the thickness of the sec-
ond layer, and the total thickness thereof which have an
important role in the electric resistance due to the ma-
terial itself and thermal diffusion are optimized respec-
tively, the material resistance as a whole can be re-
duced. At the contact of the vacuum valve, the contact
surface area receiving an arc by current interruption is
fused and evaporated by the received energy, and re-
markable roughness and material consumption are
caused, and a crater several µm to several 100 µm deep
from the contact surface may be formed. Therefore, in
this embodiment, as a thickness of the Cu-Cr contact
(or the Cu-W contact) of the first layer, a thickness of
0.5 mm or more sufficiently thicker than the depth of the
crater is selected, so that even if remarkable roughness
and material consumption are caused, the Cu-Cr con-
tact (or the Cu-W contact) of the first layer can remain
in the contact surface area, and a stable temperature
characteristic is obtained. When the thickness of the first
layer is less than 0.5 mm, it is insufficient to fully prevent
the second layer from exposure. When the thickness of
the first layer is 3 mm or more (when the first layer is a
Cu-W mixture, 5 mm or more), an increase in the resist-
ance occurs, and therefore these values are decided as
limit values. As a result, a Cu-Cr contact (first layer) with
a thickness of 0.5 mm to 3.0 mm (when the first layer is
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a Cu-W mixture, 5 mm or less) is arranged, and the sec-
ond layer (Cu) is arranged as a support pedestal for pre-
venting the first layer from deformation, thus a stable
temperature characteristic is fulfilled.
[0087] The second effect for that the thickness of the
first and second layers is reduced is that, since the first
and second layers are sufficiently thin, for external force
applied to the contact surface at the time of interruption
or switching, the layers follow flexibly while ensuring the
three-point contact. When the first and second layers
are thick beyond the aforementioned upper limit values,
the contact surface becomes point contact and cannot
follow while flexibly reserving the contact area, and the
actual contact area is not increased, and no stable tem-
perature characteristic can be fulfilled. In the contact art
of the power circuit breaker, the first and second layers
are optimized as a predetermined constitution, thus to
use the flexibility and ensure the temperature charac-
teristic is a new perception which is not seen conven-
tionally.
[0088] As mentioned above, when the thickness of
the first and second layers is set within the range of pre-
determined values, not only a general effect that the ma-
terial resistance can be reduced but also an effect that
the first and second layers are set to predetermined
thicknesses preferable to integrally deform and the ac-
tual contact area of the contact surface is ensured are
fulfilled. By the synergistic effect thereof, it contributes
to more stabilization of the temperature characteristic.
[0089] Further, (e) and (f) depend on acceptance or
rejection of the junction status and are variable factors
which are most difficult to confirm. In brazing of Ag gen-
erally carried out to connect the first and second layers,
the temperature characteristic varies with the existence
of an Ag brazing layer and becomes a variable factor.
Therefore, this embodiment, to prevent the status of (e)
and (f) from acting on the temperature characteristic as
a variable factor, eliminates the existence of the Ag braz-
ing layer and realizes a status that Cu in the Cu-Cr con-
tact of the first layer and Cu of the second layer mutually
enter by a predetermined amount, thereby ensures the
strength after the first and second layers are united with
each other and excludes the variable factor for the tem-
perature characteristic.
[0090] And, (g) varies with the status of interruption
or switching every moment and is difficult to fix the quan-
tity.
[0091] Namely, when the current is interrupted, the
arced contact surface region of the Cu-Cr alloy (or the
Cu-W alloy) of the first layer is repeatedly subject to fu-
sion, evaporation, and scattering, and the contact sur-
face is roughened remarkably, and the material is con-
sumed, and temperature rise and reduction in the inter-
ruption characteristic are caused. The contact surface
subject to such repetition of fusion, evaporation, and
scattering is greatly changed in the surface status there-
of every moment whenever the current is interrupted.
Therefore, when a sufficient contact area is ensured, the

temperature rise value is low and a stable temperature
characteristic is obtained. However, the surface config-
uration varies every interruption, so that there is no guar-
antee given to ensuring of sufficient contact at the next
interruption, and the temperature characteristic be-
comes unstable, and the interruption characteristic also
becomes unstable. On the other hand, in this embodi-
ment, suppression of generation of an arc by the afore-
mentioned effect is taken into consideration by an aux-
iliary art for optimally selecting a range of the thickness
of the first and second layers, and the temperature char-
acteristic is stabilized.

[Embodiment]

[0092] To stabilize the temperature characteristic of
the composite contact of the present invention for lam-
inating the first layer having a function as a contact and
the second layer having a support function, it is found
that three points of firstly stabilization of the temperature
characteristic of the Cu-Cr contact (or the Cu-W contact)
of the first layer directly taking part in the contact phe-
nomenon, stabilization of the temperature characteristic
of the second layer supporting the first layer, and fur-
thermore stabilization of the temperature characteristic
in the neighborhood of the boundary surface where the
first layer and second layer are laminated are important.
[0093] Under these knowledge, the embodiments of
the present invention will be explained in detail.
[0094] Firstly, methods and conditions for evaluating
the interruption characteristic, temperature characteris-
tic, and related characteristics are indicated below.

(1) Temperature characteristic (temperature rise value)

[0095] A composite contact piece composed of the
first layer and second layer manufactured under a pre-
determined condition is loaded on a test vacuum valve
and is assembled. Then while giving a continuous cur-
rent of 200 A and a load of 20 kg/cm2 to the contact, the
surface temperature of the terminal portion of the test
vacuum valve is measured on a noncontact basis using
a highly sensitive infrared thermometer, and the differ-
ence between the measured value and the room tem-
perature is obtained as a temperature rise value, and
the temperature characteristic is decided.
[0096] On the basis of the value of an example 2
which will be described later, a case that the tempera-
ture rise value is preferably lower than 0.8 times of the
value of the example 2 is assumed as Evaluation A, the
value between 0.8 times and 0.9 times (0.8 times is in-
cluded) is Evaluation B, the value between 0.9 times and
1.05 times (0.9 times is included) as Evaluation C, and
the value between 1.05 times and 1.15 times (1.05 times
is included) as Evaluation D. On the other hand, a case
that the value between 1.15 times and 1.3 times (1.15
times is included) which is more unstable than the value
of the example 2 is assumed as Evaluation X, the value
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between 1.3 times and 1.5 times (1.3 times is included)
as Evaluation Y, and the value of 1.5 times or more as
Evaluation Z. Here, the evaluation is indicated by rela-
tive values (A to D: good characteristics, X to Z: bad
characteristics).

(2) Interruption characteristic

[0097] An experimental valve for the interruption test
having a contact with a diameter of 70 mm is attached
to a switchgear, is baked and voltage-aged. Then it is
connected to a circuit at 24 kV and 50 Hz, and the inter-
ruption limit is compared and evaluated for three test
vacuum valves while increasing the current almost by 1
KA each time. The numerical values indicated are rela-
tive values when the interruption limited value of an ex-
ample 2 is set to 1.0.

Reference (1): Experimental valve for interruption test

[0098] As an interruption test valve, an insulating con-
tainer made of ceramics (main component: Al2O3) in
which the average surface roughness of the end face is
ground to about 1.5 µm is prepared. The ceramics insu-
lating container is subject to the pre-heating process at
1600°C before assembly. As a sealing metal fitting, a
42% Ni-Fe alloy with a plate thickness of 2 mm is pre-
pared. As a brazing material, a 72% Ag-Cu alloy plate
with a thickness of 0.1 mm is prepared. The aforemen-
tioned prepared members are arranged between the
joined articles (the end face of the ceramics insulating
container and sealing metal fitting) so as to be subject
to air-tight sealing junction. In a vacuum atmosphere at
5x10-4 Pa, the test valve is assembled by the air-tight
sealing step between the sealing metal fitting and the
ceramics insulating container.

Reference (2): Evaluation of Cu entry amount

[0099] An important point of the composite contact of
the present invention is that when the two layers are
united with each other how much Cu in the first layer
and Cu in the second layer mutually enter, and to meas-
ure the entry amount is important.
[0100] Measurement of the Cu entry amount is exam-
ined by the section in the neighborhood of the boundary
surface where the first layer and second layer make con-
tact with each other. In Cu in Cu-Cr (or Cu-W) of the first
layer, a radioactive substance (64Cu) is doped. In this
case, in Cu in the second layer, no radioactive sub-
stance (64Cu) is doped. The two layers are made contact
with each other, are heated, and are united with each
other. Then in the section in the neighborhood of the
boundary surface, the amount of a radioactive sub-
stance (64Cu) existing in Cu in the second layer, is de-
termined as Cu entering from the first layer by, for ex-
ample, an IMA (ion micro-analyzer).
[0101] Next, in Cu in the second layer, a radioactive

substance (64Cu) of Cu is doped. In this case, in Cu in
Cu-Cr (or Cu-W) of the first layer, no radioactive sub-
stance (64Cu) is doped. The two layers are made contact
with each other, are heated, and are united with each
other. Then in the cut section, the amount of a radioac-
tive substance (64Cu) existing in Cu in the first layer is
determined as Cu entering from the second layer by, for
example, the IMA (ion micro-analyzer).
[0102] By doing this, the distances that both Cus mu-
tually enter from the boundary surface are obtained. For
measurement, in addition to the IMA, an XMA (X-ray mi-
cro-analyzer) is also used to confirm the reliability of the
measured values.
[0103] Namely, the distance of the entered Cu is ob-
tained by the pre-experiment using test pieces, details
of which are described below.

(1) For Cu of the second layer, a Cu plate in which
a radioactive substance (64Cu) is doped before-
hand is prepared. For the first layer, using Cu pow-
der in which no radioactive substance (64Cu) is
doped, Cu-Cr mixed powder (or Cu-W mixed pow-
der) in which Cu powder is mixed with Cr powder
(or W powder) as raw powder are prepared. For ex-
ample, the two layers, in the state that they are kept
unchanged (in the loaded state), are united with
each other by a predetermined heating process
(unification by the primary heating at 900 to 1150°C)
to form a composite contact.
(2) Inversely, a Cu plate (the second layer) in which
no radioactive substance (64Cu) is doped is pre-
pared. For the first layer, using Cu powder in which
a radioactive substance (64Cu) is doped and Cr
powder (or W powder), Cu-Cr mixed powder (or Cu-
W mixed powder) in which they are mixed is pre-
pared. The two layers, in the state that they are kept
unchanged (in the loaded state), are united with
each other by a predetermined heating process
(unification by the primary heating at 900°C to
1150°C) to form a composite contact.

[0104] In this way, a composite contact containing a
radioactive substance (64Cu) in either of the Cu layer
(the second layer) and the Cu-Cr alloy (or the CuW alloy)
(the first layer) is formed and the relationship with the
radioactive substance (64Cu) entry amount correspond-
ing to the heating condition is measured. By knowing
the relationship between them by the pre-experiment,
the amount of entered Cu is inferred without doping a
radioactive substance (64Cu) in the Cu plate and Cu
powder used to manufacture all composite contacts ac-
tually to be supplied to the example and comparison ex-
ample.

Reference (3): Example of manufacturing condition of
composite contact

[0105] In the examples and comparison examples of
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the present invention, the steps (a to g) used after Cu
(the second layer) and the Cu-Cr mixture (or Cu-W mix-
ture) (the first layer) are made contact with each other
are indicated below.

Step: → (Contents of step after making contact)

[0106]

Step a: Two layers are made only in contact. → Me-
chanical pressing
Step b: Two layers are made only in contact. → Pri-
mary heating (lower than 900°C)
Step b: Two layers are made only in contact. → Pri-
mary heating (900°C to 1150°C) for 0.5 to 3 hours
Step b: Two layers are made only in contact. → Pri-
mary heating (higher than 1150°C)
Step c: Two layers are made only in contact. → Pri-
mary heating (1050°C) for 0.5 to 3 hours → Primary
pressurizing (6 t/cm2 or less)
Step d: Two layers are made only in contact. → Con-
tact by primary pressurizing (6 t/cm2 or less) → Pri-
mary heating (1150°C) for 0.5 to 3 hours
Step e: Two layers are made only in contact. → Pri-
mary heating (1050°C) for 0.5 to 3 hours → Primary
pressurizing (6 t/cm2 or less) → Secondary heating
(900°C) for 0.5 to 3 hours → Secondary pressuriz-
ing (4 t/cm2 or more)
Step f: Two layers are made only in contact. → Con-
tact by primary pressurizing kept (weight kept load-
ed) → Primary heating (1050°C) for 0.5 to 3 hours
Step g: Two layers are made only in contact. → Pri-
mary pressurizing (6 t/cm2 or less) → Primary heat-
ing (1050°C) for 0.5 to 3 hours → Secondary pres-
surizing (4 t/cm2 or more) → Secondary heating
(900°C) for 0.5 to 3 hours

[0107] In each of Steps a - g, the primary heating and
the secondary heating were executed in the atmosphere
of hydrogen gas or in vacuum.
[0108] In the following description with respect to the
examples and the comparison examples, the atmos-
phere and the time required for executing the primary
heating and the secondary heating in each of Steps a -
g are not described for the sake of simplicity of the de-
scription. Please refer to the above-description, if nec-
essary.
[0109] Hereinafter, by referring to Figs. 1 to 4, the ex-
amples and comparison examples when the first layer
is a Cu-Cr mixture will be explained in detail.

(Examples 1 to 5 and comparison examples 1 to 7)

[0110] In these examples and comparison examples,
except the example 3, a Cu plate is used as Cu of the
second layer.
[0111] Namely, in the explanation, a pure Cu plate
with a thickness of 2 mm is used as a representative

material of the second layer, and a Cu-25% Cr alloy with
a thickness of 1 mm is used as a representative material
of the first layer.
[0112] The Cu plate is pre-heated at 500°C or higher
for 10 minutes or more. Cu in the Cu-Cr mixed powder
is pre-heated at 350°C or higher for about one hour and
then is used. Cr in the Cu-Cr mixed powder is pre-heat-
ed at 1350°C or higher for about 30 minutes or more
and then is used.
[0113] As Cu and Cr for the first layer, Cu-Cr mixed
powder (the first layer) in which Cr (chromium) powder
with an average particle diameter of 44 to 105 µm and
Cu (copper) powder with the same average particle di-
ameter are uniformly mixed at a predetermined ratio (25
wt% Cr - Cu) is prepared. As Cu for the second layer, a
Cu plate rolled to a thickness of 2 mm is prepared.
[0114] As a step after Cu and the Cu-Cr mixture are
made contact with each other, in the comparison exam-
ple 1, Step a is adopted, in the comparison examples 2
to 5, Step b is adopted, and in the examples 1 to 5, Step
b is adopted. In the comparison examples 6 and 7, a
predetermined thickness is left by a method for remov-
ing a part of the surface layer by a mechanical process.
[0115] The two layers are made contact, as they were,
with each other (kept loaded) and as at Step a, are unit-
ed with each other by mechanically pressed at a pres-
sure of 8 t/cm2 and the entry of Cu in the neighborhood
of the boundary surface is almost 0 (Comparison exam-
ple 1).
[0116] The two layers are made contact, as they were,
each other (kept loaded) and are subject to the primary
heating process at 700°C at Step b, and Cu in the first
layer enters the second layer by 2 to 5 µm, and Cu in
the second layer enters the first layer by 3 to 5 µm (Com-
parison example 2).
[0117] The two layers are made contact, as they were,
with each other (kept loaded) and are subject to the pri-
mary heating process at 800°C at Step b, and Cu in the
first layer enters the second layer by 15 to 17 µm, and
Cu in the second layer enters the first layer by 15 to 17
µm (Comparison example 3).
[0118] The two layers are made contact, as they were,
with each other (kept loaded) and are selectively subject
to the primary heating process at 900 to 1150°C for
about one hour at Step b, and alloying of the Cu-Cr mix-
ture (the first layer) and alloying of the boundary surface
between the first and second layers are realized at the
same time. Thus, a composite contact in which the two
layers are united with each other while Cu of the second
layer and Cu in the first layer mutually enter within a
range from 20 µm to 100 µm from the boundary surface
is obtained (Examples 1, 2, 4 and 5).
[0119] The two layers are made contact, as they were,
with each other (kept loaded) and are subject to the pri-
mary heating process at 1250°C for about one hour at
Step b, and alloying of the Cu-Cr mixture (the first layer)
and alloying of the boundary surface between the first
and second layers are realized at the same time. Thus,
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a composite contact in which Cu of the second layer and
Cu in the first layer enter within a range from 100 µm to
110 µm from the boundary surface is obtained (Compar-
ison example 4).
[0120] The two layers are made contact, as they were,
with each other (kept loaded) and are subject to the pri-
mary heating process at 1300°C at Step b, and alloying
of the Cu-Cr mixture (the first layer) and alloying of the
boundary surface between the first and second layers
are realized at the same time. Thus, a composite contact
in which Cu of the second layer and Cu in the first layer
enter within a range from 110 µm to 120 µm from the
boundary surface is obtained (Comparison example 5).
[0121] The two layers are made contact, as they were,
with each other (kept loaded), and using the composite
contacts manufactured in the examples 1, 2, 4 and 5
mentioned above, the thickness of Cu is reduced to 2 to
5 µm by mechanically removing one surface (the second
layer), and the other surface (the first layer) is not me-
chanically processed and is kept unchanged at 30 to 35
µm (Comparison example 6). Inversely, the first layer is
mechanically removed, thus the thickness of Cu is re-
duced to 2 to 5 µm and the second layer is not mechan-
ically processed and is kept unchanged at 30 to 35 µm
(Comparison example 7). In this way, composite con-
tacts different in thickness are manufactured (Compar-
ison examples 6 and 7).
[0122] Further, the evaluation of the present invention
is made such that the temperature characteristic and in-
terruption characteristic are treated as the reference val-
ues when the entry amount of Cu from the first layer into
the second layer and the entry amount of Cu from the
second layer into the first layer are respectively set to
30 to 35 µm and 30 to 35 µm (Example 2).
[0123] The temperature characteristic and interrup-
tion characteristic are evaluated for each composite
contact. When the entry amount of Cu from the first layer
into the second layer and the entry amount of Cu from
the second layer into the first layer are set to almost ze-
ro, 2 to 5 µm, and 3 to 5 µm, for the reference value of
the example 2, temperature rise values of 1.5 times
(Evaluation Z), 1.3 to 1.5 times, and 1.5 times or more
(Evaluations Y and Z) are obtained, and they are dis-
qualified. The interruption characteristic, for the refer-
ence value of the example 2, is reduced to 0.3 times and
0.5 times, and moreover in the interruption test, the first
layer and second layer are separated undesirably
(Comparison examples 1 and 2).
[0124] Further, when the entry amount of Cu from the
first layer into the second layer and the entry amount of
Cu from the second layer into the first layer are set to
15 to 17 µm, and 15 to 17 µm, for the reference value
of the example 2, temperature rise values of 1.15 to 1.3
times and 1.3 to 1.5 times (Evaluations X and Y) are
obtained, and they are disqualified. The interruption
characteristics, for the reference value of the example
2, are reduced to 0.8 to 0.9 times, and moreover in the
interruption test, the first layer and second layer are sep-

arated undesirably (Comparison example 3).
[0125] On the other hand, when the entry amount of
Cu from the first layer into the second layer and the entry
amount of Cu from the second layer into the first layer
are respectively set to 20 to 25 µm and 20 to 25 µm
(Example 1), the temperature characteristic is similar to
the reference value of the example 2 (Evaluations C and
D). Furthermore, the interruption characteristic indi-
cates 0.9 to 1.0 times and is similar to the reference val-
ue of the example 2, that is, within the qualified range.
[0126] When the entry amount of Cu from the first lay-
er into the second layer and the entry amount of Cu from
the second layer into the first layer are respectively set
to 45 to 50 µm and 45 to 50 µm (Example 4), the tem-
perature characteristic is similar to the reference value
of the example 2 or more (Evaluations B and C). The
interruption characteristic indicates satisfactorily 1.0 to
1.1 times.
[0127] When the entry amount of Cu from the first lay-
er into the second layer and the entry amount of Cu from
the second layer into the first layer are respectively set
to 95 to 100 µm and 95 to 100 µm (Example 5), for the
reference value of the example 2, temperature rise val-
ues of 0.8 to 0.9 times (Evaluation B) are obtained. The
interruption characteristic indicates satisfactorily 1.0 to
1.1 times.
[0128] However, when the entry amount of Cu from
the first layer into the second layer and the entry amount
of Cu from the second layer into the first layer are re-
spectively set to 100 to 110 µm and 100 to 110 µm (Com-
parison example 4) or set to 110 to 120 µm and 110 to
120 µm (Comparison example 5), for the reference val-
ue of the example 2, the temperature rise values are
1.15 to 1.3 times and 1.3 to 1.5 times (Evaluations X
and Y) or 1.05 to 1.15 times and 1.5 times or more (Eval-
uations D to Z). The interruption characteristic, for the
reference value of the example 2, indicates 0.8 times to
1.0 times or 0.7 times to 1.0 times, and qualified values
and disqualified values coexist undesirably. On each
contact surface after the interruption test, composition
changes and generation of internal voids due to evapo-
ration are seen. This seems to be a cause.
[0129] Further, when either of the entry amount of Cu
from the first layer into the second layer and the entry
amount of Cu from the second layer into the first layer
is set to 2 to 5 µm (Comparison examples 6 and 7), the
temperature characteristic, for the reference value of the
example 2, indicates 1.05 to 1.15 times, 1.3 to 1.5 times,
or 1.15 to 1.3 times (Evaluations D to Y, Evaluations D
to X) and variations are seen. The interruption charac-
teristic, for the reference value of the example 2, indi-
cates 0.8 times to 1.0 times and qualified values and
disqualified values coexist undesirably.
[0130] From the aforementioned, the entry amount of
Cu from the first layer into the second layer and the entry
amount of Cu from the second layer into the first layer
are preferably set within a range from 20 to 100 µm ac-
cording to the examples 1, 2, 4 and 5.
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(Example 3)

[0131] In the example 3, as Cu of the second layer, a
Cu sintered plate is used.
[0132] Namely, as Cu and Cr for the first layer, Cu-Cr
mixed powder (the first layer) in which Cr (chromium)
powder with an average particle diameter of 44 to 105
µm and Cu (copper) powder with the same average par-
ticle diameter are uniformly mixed at a predetermined
ratio (25 wt% Cr - Cu) is prepared. As Cu for the second
layer, a Cu sintered plate, which has a relative density
of 8.0 gr/cc or more and is rolled to a thickness of 2 mm,
is prepared.
[0133] On the top of the Cu sintered article (the sec-
ond layer), the Cu-Cr mixed powder (the first layer) is
placed, and the two layers are kept unchanged (kept
loaded) and are subject to a predetermined primary
heating process (900 to 1150°C) for about one hour (at
Step b), and Cu-Cr alloying of the Cu-Cr mixed powder
(the first layer) and alloying of the boundary surface be-
tween the first and second layers are realized at the
same time. Thus, a composite contact characterized in
that the two (the first and second layers) are united with
each other while Cu of the second layer and Cu in the
first layer mutually enter within a range from 20 µm to
100 µm from the boundary surface is obtained, and the
temperature characteristic and interruption characteris-
tic are evaluated. As a result, even if the second layer
is a Cu sintered plate, the same tendency is obtained
(Example 3). Further, Cu of the Cu-Cr mixed powder and
Cr of the Cu-Cr mixed powder are heated respectively
at 350°C or higher for about one hour and 1350°C or
higher for about one hour before use.

(Examples 6 and 7 and comparison examples 8 and
9)

[0134] As Cu and Cr for the first layer, Cu-Cr mixed
powders in which Cr (chromium) powder with an aver-
age particle diameter of 44 to 105 µm and Cu (copper)
powder with the same average particle diameter are
mixed at a predetermined ratio (5 to 90% Cr - Cu) are
prepared. As Cu for the second layer, a Cu plate is pre-
pared.
[0135] On the top of the Cu plate (the second layer),
the Cu-Cr mixed powder (the first layer) is placed, and
the two layers are made contact with each other, as they
were, (kept loaded), are united with each other by the
primary pressuring process at a pressure of 6 t/cm2 or
less, for example, of 2 t/cm2, and then are subject to the
primary heating process at 900 to 1150°C for about one
hour, and alloying of the Cu-Cr mixed powder (the first
layer) and alloying of the boundary surface between the
first and second layers are realized at the same time.
Thus, composite contacts in which the two (the first and
second layer) are united with each other while Cu of the
second layer and Cu in the first layer mutually enter with-
in a range from 20 µm to 100 µm from the boundary

surface are obtained (Step d).
[0136] In the temperature characteristic and interrup-
tion characteristic when the entry amount of Cu from the
first layer into the second layer and the entry amount of
Cu from the second layer into the first layer are set re-
spectively to 30 to 35 µm and 30 to 35 µm, using each
Cu-Cr composite contact having a Cr amount of 5 to
90%, an effect of controlling the entry amount of Cu from
the first layer into the second layer and the entry amount
of Cu from the second layer into the first layer which is
a gist of the present invention is examined.
[0137] For the reference value of the example 2, in
15% Cr-Cu (Example 6) and 60% Cr-Cu (Example 7),
the temperature characteristics indicate 0.8 to 0.9 times
(Evaluation B) and 1.0 times (Evaluation C), respective-
ly. The interruption characteristics ensure 0.9 times of
the reference value of the example 2 and both charac-
teristics are satisfactory.
[0138] On the other hand, in 5% Cr-Cu (Comparison
example 8), for the reference value of the example 2,
the temperature characteristic indicates 0.8 to 0.9 times
(Evaluation B) in the qualified range, though the inter-
ruption characteristic is undesirably reduced to 0.7
times, and the characteristics are disqualified as a
whole. On the contact surface after interruption, remark-
able surface roughness is seen (Comparison example
8).
[0139] Furthermore, in 90% Cr-Cu (Comparison ex-
ample 9), for the reference value of the example 2, the
temperature characteristic undesirably indicate 1.15 to
1.3 times (Evaluation X) and 1.3 to 1.5 times (Evaluation
Y) and are disqualified. The interruption characteristic
is greatly reduced to 0.4 times for the reference value
of the example 2 and is disqualified (Comparison exam-
ple 9).
[0140] From the aforementioned, the Cu-Cr alloy (Ex-
amples 6 and 7) having a Cr amount of 15 to 60% Cr of
the first layer is preferable, and more preferably, selec-
tion of the Cu-Cr alloy (Example 2) having 25% Cr is
useful as an auxiliary art for executing the present in-
vention.

(Examples 8 and 9 and comparison example 10)

[0141] A Cu plate (the second layer) similar to the
aforementioned and a Cu-Cr mixed powder (the first lay-
er) similar to the aforementioned are prepared. On the
top of the Cu plate, the aforementioned Cu-Cr mixed
powder (the first layer) is placed and the layers are unit-
ed with each other by the primary pressuring process at
a pressure of 6 t/cm2 or less, (after cooling), are united
with each other by the primary heating process at 950
to 1150°C for about one hour, then are secondarily pres-
surized at a pressure of 4 t/cm2 or more, and are united
with each by the secondary heating process at 1080°C
or lower, for example, at 950°C (Step g).
[0142] When the average particle diameter of Cr in the
Cu-Cr alloy (the first layer) is 0.5 to 44 µm (Example 8),
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the temperature characteristic indicates Evaluation D of
1.05 to under 1.15 times, and the interruption charac-
teristic indicates 0.9 to 1.0 times, and the two are within
the qualified range. Even when the average particle di-
ameter of Cr is 105 to 150 µm (Example 9), the temper-
ature characteristic indicates Evaluation C similar to that
of the reference example 2, and the interruption char-
acteristic indicates 1.1 times, and the two are within the
qualified range. On the other hand, when the average
particle diameter of Cr is 150 to 300 µm (Comparison
example 10), the temperature characteristic indicates
Evaluation C similar to that of the reference example 2
and is qualified, though the interruption characteristic
undesirably indicates large variations such as 0.7 to 1.0
times.

(Examples 10 to 12 and comparison examples 11
and 12)

[0143] On the top of the Cu plate (the second layer),
the aforementioned Cu-Cr mixed powder (the first layer)
is placed, and the two layers are made contact with each
other, as they were, (kept loaded), are united with each
other by the primary heating process at 900 to 1150°C,
for example, at 1050°C for about one hour. And then,
they are united with each other by the primary pressur-
ing process at a pressure of 6 t/cm2 or less, for example,
at a pressure of 4 t/cm2, and Cr-Cu alloying of the Cu-Cr
mixed powder (the first layer) and alloying of the bound-
ary surface between the first and second layers are re-
alized at the same time. Thus, composite contacts in
which the two (the first and second layers) are united
with each other while Cu of the second layer and Cu in
the first layer mutually enter within a range from 20 µm
to 100 µm from the boundary surface are obtained (Step
c).
[0144] When the thicknesses of the first layer are set
respectively to 0.5 mm, 1 to 2 mm, and 3.0 mm (Exam-
ples 10 to 12), the temperature characteristics indicate
values similar to the reference value of the example 2
(Evaluations B-C and C). The interruption characteris-
tics indicate 0.9 to 1.0 times similar to the reference val-
ue of the example 2 within the qualified range.
[0145] However, when the thickness of the first layer
is set to 0.1 mm or less (Comparison example 11), com-
pared with the reference value of the example 2, the
temperature characteristic indicates the similar value
(Evaluation B) and is qualified, though the interruption
characteristic is greatly reduced to 0.5 to 0.7 times, and
the characteristics are disqualified as a whole.
[0146] Furthermore, when the thickness of the first
layer is set to 5 to 6 mm (Comparison example 12), for
the reference value of the example 2, the temperature
rise indicates 1.05 to 1.15 times (Evaluation D) and is
within the qualified range, though the interruption char-
acteristic indicates 0.8 times for the reference value of
the example 2, and the characteristics are disqualified
as a whole.

[0147] From the aforementioned, selection of 0.5 to
3.0 mm as a thickness of the first layer is useful as an
auxiliary art for executing the present invention.

(Examples 13 and 14 and comparison examples 13
and 14)

[0148] When the thicknesses of the second layer are
set respectively to 0.5 mm and 3.0 mm (Examples 13
and 14), the temperature characteristics indicate values
similar to the reference value of the example 2 (Evalu-
ation C). The interruption characteristics indicate almost
similar 1.0 times and the two characteristics are similar
to the reference values of the example 2 and are quali-
fied.
[0149] However, when the thickness of the second
layer is set to 0.3 mm or less (Comparison example 13),
compared with the reference value of the example 2, the
temperature characteristic indicates similar or larger
values (Evaluation B and C) and is qualified, though the
interruption characteristic is reduced to 0.6 to 0.8 times,
and the characteristics are disqualified as a whole. Fur-
thermore, when the thickness of the second layer is set
to 6.0 mm (Comparison example 14), for the reference
value of the example 2, the temperature rise indicates
1.05 to 1.15 times (Evaluation D) and is qualified, though
the interruption characteristic indicates 0.8 times for the
reference value of the example 2 and is disqualified.
[0150] From the aforementioned, selection of 0.5 to
3.0 mm as a thickness of the second layer is useful as
an auxiliary art for executing the present invention.
[0151] Further, when either of the first layer and sec-
ond layer does not meet the condition of the thickness,
the composite contact does not meet the interruption
characteristic (Comparison examples 11 and 13).

(Examples 15 and 16)

[0152] The case that as a step after the second layer
and the first layer are made contact with each other, the
two make contact, as they were, with each other (load-
ed) and then are subject to the primary heating process,
and Cu-Cr alloying of the Cu-Cr mixed powder (the first
layer) and alloying of the boundary surface between the
first and second layers are realized at the same time,
and composite contacts in which the two (the first and
second layers) are united with each other while Cu of
the second layer and Cu in the first layer mutually enter
within a range from 20 µm to 100 µm from the boundary
surface are obtained is indicated in the examples 1 to 5
(Step b).
[0153] The case that the first and second layers are
subject to the primary pressurizing process after the pri-
mary heating process at Step b, and Cu-Cr alloying of
the Cu-Cr mixed powder (the first layer) and alloying of
the boundary surface between the first and second lay-
ers are realized at the same time, and composite con-
tacts in which the two (the first and second layers) are
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united with each other while Cu of the second layer and
Cu in the first layer mutually enter within a range from
20 µm to 100 µm from the boundary surface are ob-
tained is indicated in the examples 10 to 12 (Step c).
[0154] The case that the first and second layers are
made contact with each other (loaded), are subject to
the primary pressurizing process, and then subject to
the primary heating process, and Cu-Cr alloying of the
Cu-Cr mixed powder (the first layer) and alloying of the
boundary surface between the first and second layers
are realized at the same time, and composite contacts
in which the two (the first and second layers) are united
with each other while Cu of the second layer and Cu in
the first layer mutually enter within a range from 20 µm
to 100 µm from the boundary surface are obtained is
indicated in the examples 6 and 7 (Step d).
[0155] Furthermore, the case that after the primary
pressurizing process and primary heating process at
Step d, the first and second layers are further subject to
the secondary pressurizing process and secondary
heating process, and Cu-Cr alloying of the Cu-Cr mixed
powder (the first layer) and alloying of the boundary sur-
face between the first and second layers are realized at
the same time, and composite contacts in which the two
(the first and second layers) are united with each other
while Cu of the second layer and Cu in the first layer
mutually enter within a range from 20 µm to 100 µm from
the boundary surface are obtained is indicated in the ex-
amples 8 and 9 (Step g).
[0156] However, the present invention can manufac-
ture other composite contacts without being limited to
these steps b, c, d, and g.
[0157] For example, after the primary heating process
and primary pressurizing process at Step c, the first and
second layers are further subject to the secondary heat-
ing process and secondary pressurizing process, and
Cu-Cr alloying of the Cu-Cr mixed powder (the first lay-
er) and alloying of the boundary surface between the
first and second layers are realized at the same time,
and a composite contact in which the two (the first and
second layers) are united with each other while Cu of
the second layer and Cu in the first layer mutually enter
within a range from 20 µm to 100 µm from the boundary
surface is obtained (Example 15, Step e). The temper-
ature characteristic indicates values similar to the refer-
ence value of the example 2 (Evaluation A). Further-
more, the interruption characteristic indicates 1.2 times
higher than the reference value of the example 2 and is
qualified.
[0158] Further, with respect to the secondary heating
process and secondary pressurizing process performed
after the primary heating process and primary pressu-
rizing process, only the secondary heating process may
be performed or only the secondary pressurizing proc-
ess may be performed.
[0159] Next, the two (the first and second layer) are
made contact with each other (loaded) and then are sub-
ject to the primary heating process while giving a weight

of 2 kg/cm2, and alloying of the Cu-Cr mixed powder
(the first layer) and alloying of the boundary surface be-
tween the first and second layers are realized at the
same time, and a composite contact in which the two
(the first and second layers) are united with each other
while Cu of the second layer and Cu in the first layer
mutually enter within a range from 20 µm to 100 µm from
the boundary surface is obtained (Example 16, Step f).
The temperature characteristic indicates values similar
to the reference value of the example 2 (Evaluations A
and B). Furthermore, the interruption characteristic in-
dicates 1.1 to 1.2 times higher than the reference value
of the example 2 and is qualified.

(Examples 17 to 20)

[0160] As raw powder of Cu-Cr mixed powder (the
first layer), Cu containing Cr of 0.35wt% or less instead
of pure Cu is prepared. For the Cu plate (the second
layer), pure Cu sufficiently softened is prepared and a
composite contact is manufactured (Example 17). The
temperature characteristic indicates values similar to
the reference value of the example 2 (Evaluation C).
Furthermore, the interruption characteristic indicates
1.1 times higher than the reference value of the example
2 and is qualified.
[0161] As raw powder of Cu-Cr mixed powder (the
first layer), Cu containing Al of 0.5wt% or less instead
of pure Cu is prepared. For the Cu plate (the second
layer), pure Cu sufficiently softened is prepared and a
composite contact is manufactured (Example 18). The
temperature characteristic indicates values similar to
the reference value of the example 2 (Evaluation C).
Furthermore, the interruption characteristic indicates
1.1 times higher than the reference value of the example
2 and is qualified.
[0162] As raw powder of Cu-Cr mixed powder (the
first layer), Cu containing Si of 0.5wt% or less instead
of pure Cu is prepared. For the Cu plate (the second
layer), pure Cu sufficiently softened is prepared and a
composite contact is manufactured (Example 19). The
temperature characteristic indicates values similar to
the reference value of the example 2 (Evaluation C).
Furthermore, the interruption characteristic indicates
1.1 times higher than the reference value of the example
2 and is qualified.
[0163] As raw powder of Cu-Cr mixed powder (the
first layer), Cu containing Fe of 0.5wt% or less instead
of pure Cu is prepared. For the Cu plate (the second
layer), pure Cu sufficiently softened is prepared and a
composite contact is manufactured (Example 20). The
temperature characteristic indicates values similar to
the reference value of the example 2 (Evaluation C).
Furthermore, the interruption characteristic indicates
1.1 times higher than the reference value of the example
2 and is qualified.
[0164] From the aforementioned, containing of 0.5
wt% or less of at least one of Cr, Al, Si, and Fe in Cu of
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the first layer is useful in further improvement of the in-
terruption characteristic and temperature characteristic.

(Example 21)

[0165] In the case that the thickness of the first layer
is set to 0.5 mm to 3.0 mm, and the thickness of the
second layer is set to 0.5 mm to 3.0 mm, and the total
thickness of the first and second layers is set to 1.0 mm
to 5.0 mm, alloying of the Cu-Cr mixture and alloying of
the boundary surface between the first and second lay-
ers are realized at the same time. Thus, composite con-
tacts in which the two are united with each other while
Cu of the second layer and Cu in the first layer mutually
enter within a range from 20 µm to 100 µm from the
boundary surface are manufactured. Then the first layer
is used as a contact surface, and the second layer is
used as a support pedestal of the first layer. A Cu plate
uses pure Cu sufficiently softened (Example 21). The
temperature characteristic indicates values similar to
the reference value of the example 2 (Evaluation C).
Furthermore, the interruption characteristic indicates
1.1 to 1.2 times similar to the reference value of the ex-
ample 2 and is qualified.

(Example 22)

[0166] As a first layer, a Cu-Cr alloy which was previ-
ously alloyed is used (Example 22). The temperature
characteristic indicates values similar to the reference
value of the example 2 (Evaluation C). Furthermore, the
interruption characteristic indicates 1.0 times similar to
the reference value of the example 2 and is qualified.
Here, as for the problem of warping, it can be solved by
controlling the cooling speed thereof without any trou-
ble.
[0167] Hereinafter, the examples and comparison ex-
amples containing a predetermined amount of at least
one of Bi, Te, and Sb in Cu of the first layer composed
of a Cu-Cr mixture will be explained in detail. But, to
show the evaluation conditions and evaluation results
thereof in Figure is omitted.

(Examples 23 to 30 and Comparison examples 15 to
17)

[0168] In the aforementioned Cu-Cr mixture (the first
layer), CuCrBi containing 0.01 wt% Bi in the Cu amount
is prepared and is united with the second layer sepa-
rately prepared, and a composite contact in which the
two are united with each other while Cu of the second
layer and Cu in the first layer mutually enter 40 µm from
the boundary surface is manufactured. The welding
separation force is measured, and it is found that the
separation force is reduced to about 1/4 compared with
the contact of another example having no existing Bi
(improvement of the welding resistance characteristic).
Namely, this example is useful in further improvement

of the welding resistance characteristic (Example 23).
[0169] Similarly, CuCrBi containing 0.1 wt% Bi is pre-
pared and is united with the second layer separately pre-
pared and a composite contact in which the two are unit-
ed with each other while Cu of the second layer and Cu
in the first layer mutually enter 40 µm from the boundary
surface is manufactured. It is found that the separation
force is reduced to about 1/6 (improvement of the weld-
ing resistance characteristic) (Example 24).
[0170] CuCrBi containing 1 wt% Bi is prepared and is
united with the second layer separately prepared and a
composite contact in which the two are united with each
other while Cu of the second layer and Cu in the first
layer mutually enter 40 µm from the boundary surface
is manufactured. It is found that the separation force is
reduced to about 1/10 (improvement of the welding re-
sistance characteristic) (Example 25).
[0171] On the other hand, CuCrBi containing 2 wt%
Bi is excluded because the withstand voltage character-
istic is not preferable (Comparison example 15).
[0172] In the aforementioned Cu-Cr mixture (the first
layer), CuCrTe containing 0.01 wt% Te in the Cu amount
is prepared and is united with the second layer sepa-
rately prepared, and a composite contact in which the
two are united with each other while Cu of the second
layer and Cu in the first layer mutually enter 30 µm from
the boundary surface is manufactured. The welding
separation force is measured, and it is found that the
separation force is reduced to about 1/2 compared with
the contact of another example having no existing Te
(improvement of the welding resistance characteristic)
(Example 26).
[0173] Similarly, in the aforementioned Cu-Cr mixture
(the first layer), CuCrTe containing 0.1 wt% Te in the Cu
amount is prepared and is united with the second layer
separately prepared, and a composite contact in which
the two are united with each other while Cu of the sec-
ond layer and Cu in the first layer mutually enter 30 µm
from the boundary surface is manufactured. The weld-
ing separation force is measured, and it is found that the
separation force is reduced to about 1/4 compared with
the contact of another example having no existing Te
(improvement of the welding resistance characteristic)
(Example 27).
[0174] Similarly, in the aforementioned Cu-Cr mixture
(the first layer), CuCrTe containing 1 wt% Te in the Cu
amount is prepared and is united with the second layer
separately prepared, and a composite contact in which
the two are united with each other while Cu of the sec-
ond layer and Cu in the first layer mutually enter 30 µm
from the boundary surface is manufactured. It is found
that the separation force is reduced to about 1/6 com-
pared with the contact of another example having no ex-
isting Te (improvement of the welding resistance char-
acteristic) (Example 28).
[0175] On the other hand, in the aforementioned
Cu-Cr mixture (the first layer), CuCrTe containing 3 wt%
Te in the Cu amount is prepared and is united with the
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second layer separately prepared, and a composite
contact in which the two are united with each other while
Cu of the second layer and Cu in the first layer mutually
enter 40 µm from the boundary surface is manufactured.
It is not preferable from the viewpoint of the withstand
voltage characteristic, thereby is excluded (Comparison
example 16).
[0176] In the aforementioned Cu-Cr mixture (the first
layer), CuCrSb containing 0.01 wt% Sb in the Cu
amount is prepared and is united with the second layer
separately prepared, and a composite contact in which
the two are united with each other while Cu of the sec-
ond layer and Cu in the first layer mutually enter 30 µm
from the boundary surface is manufactured. The weld-
ing separation force is measured, and it is found that the
separation force is reduced to about 1/2 compared with
the contact of another example having no existing Sb
(improvement of the welding resistance characteristic)
(Example 29).
[0177] In the aforementioned Cu-Cr mixture (the first
layer), CuCrSb containing 1 wt% Sb in the Cu amount
is prepared and is united with the second layer sepa-
rately prepared, and a composite contact in which the
two are united with each other while Cu of the second
layer and Cu in the first layer mutually enter 30 µm from
the boundary surface is manufactured. The welding
separation force is measured, and it is found that the
separation force is reduced to about 1/3 compared with
the contact of another example having no existing Sb
(improvement of the welding resistance characteristic)
(Example 30).
[0178] On the other hand, in the aforementioned
Cu-Cr mixture (the first layer), CuCrSb containing 1 wt%
Sb in the Cu amount is prepared and is united with the
second layer separately prepared, and a composite
contact in which the two are united with each other while
Cu of the second layer and Cu in the first layer mutually
enter 40 µm from the boundary surface is manufactured.
It is not preferable from the viewpoint of the withstand
voltage characteristic, thereby is excluded (Comparison
example 17).
[0179] From the aforementioned, containing a prede-
termined amount of at least one of Bi, Te, and Sb in Cu
of the first layer composed of a Cu-Cr mixture is useful
in further improvement of the welding resistance char-
acteristic.
[0180] Next, by referring to Figs. 5 to 8, the examples
and comparison examples when the first layer is a Cu-
W mixture will be explained in detail.

(Examples 31 to 35 and Comparison examples 18 to
24)

[0181] In these examples and comparison examples,
except the example 33, a Cu plate is used as Cu of the
second layer. (Example 33, as Cu of the second layer,
uses a Cu sintered article.)
[0182] As a representative material of the first layer,

it is a target to manufacture a Cu-73% W alloy with a
thickness of 1 mm, and as a representative material of
the second layer a pure Cu plate with a thickness of 2
mm is used. The Cu plate is pre-heated at 500°C or
higher. Cu of the Cu-W mixed powder is pre-heated at
350°C or higher and W of the Cu-W mixed powder is
pre-heated at 1350°C or higher. As Cu and W for the
first layer, Cu-W mixed powder (the first layer) in which
W (tungsten) powder with an average particle diameter
of 1 to 6 µm and Cu (copper) powder with an average
particle diameter of 10 µm are uniformly mixed at a pre-
determined ratio (73 wt% W - Cu) is prepared. As Cu for
the second layer, a Cu plate rolled to a thickness of 2
mm is prepared. Further, as steps after Cu and the Cu-
W mixture are made contact with each other, in the com-
parison example 18, Step a is adopted, in the compari-
son examples 19 to 22, Step b is adopted, and in the
examples 31, 32, 34 and 35, Step b is adopted. In the
comparison examples 23 and 20, a predetermined
thickness is left by a method for removing a part of the
surface layer by a mechanical process.
[0183] In the comparison example 18, the two layers
are made contact, as they were, with each other (kept
loaded), and at Step a they are united with each other
by mechanically pressed at a pressure of 8 t/cm2 and
the entry of Cu in the neighborhood of the boundary sur-
face is reduced to almost 0.
[0184] In the comparison example 19, the two layers
are made contact, as they were, with each other (kept
loaded) and are subject to the primary heating process
at 750°C at Step b, and Cu in the first layer enters the
second layer by 2 to 3 µm, and Cu of the second layer
enters the first layer by 3 to 5 µm.
[0185] In the comparison example 20, the two layers
are made contact, as they were, with each other (kept
loaded) and are subject to the primary heating process
at 850°C at Step b, and Cu in the first layer enters the
second layer by 15 to 17 µm, and Cu of the second layer
enters the first layer by 15 to 17 µm.
[0186] In the examples 31, 32, 34 and 35, the two lay-
ers are made contact, as they were, with each other
(kept loaded) and are selectively subject to the primary
heating process at 900 to 1150°C at Step b, and alloying
of the Cu-W mixture (the first layer) and alloying of the
boundary surface between the first and second layers
are realized at the same time. Thus, composite contacts
in which the two layers are united with each other while
Cu of the second layer and Cu in the first layer mutually
enter within a range from 20 µm to 100 µm from the
boundary surface are obtained. In the primary heating
process, when the selected temperature is less than
900°C or more than 1150°C, the entry amount of Cu on
the boundary surface between the first layer and the
second layer is not within a range from 20 µm to 100 µm.
[0187] In a comparison example 21, the two layers are
made contact, as they were, with each other (kept load-
ed) and are subject to the primary heating process at
1250°C at Step b, and alloying of the Cu-W mixture (the
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first layer) and alloying of the boundary surface between
the first and second layers are realized at the same time.
Thus, a composite contact in which Cu of the second
layer and Cu in the first layer enter within a range of 100
to 110 µm from the boundary surface is obtained.
[0188] In the comparison example 22, the two layers
are made contact, as they were, with each other (kept
loaded) and are subject to the primary heating process
at 1250°C at Step b, and alloying of the Cu-W mixture
(the first layer) and alloying of the boundary surface be-
tween the first and second layers are realized at the
same time. Thus, a composite contact in which Cu of
the second layer and Cu in the first layer enter within a
range of 110 to 115 µm from the boundary surface is
obtained.
[0189] In the comparison example 23, the two layers
are made contact , as they were, with each other (kept
loaded), and using the composite contact manufactured
in the example 32 mentioned above, one surface (the
second layer) is mechanically removed and the thick-
ness of Cu is reduced to 2 to 5 µm. The other surface
(the first layer) is not mechanically processed and is kept
unchanged at 30 to 35 µm.
[0190] In the comparison example 24, inversely, the
first layer is mechanically removed, thus the thickness
of Cu is reduced to 2 to 5 µm, and the second layer is
not mechanically processed and is kept unchanged at
30 to 35 µm.
[0191] Further, the evaluation in the examples and
comparison examples when the first layer is a Cu-W
mixture is made such that the temperature characteristic
and interruption characteristic are treated as the refer-
ence values when the entry amount of Cu from the first
layer into the second layer and the entry amount of Cu
from the second layer into the first layer are respectively
set to 30 to 35 µm (Example 32).
[0192] The temperature characteristic and interrup-
tion characteristic are evaluated for each composite
contact. When the entry amount of Cu from the first layer
into the second layer and the entry amount of Cu from
the second layer into the first layer are set to almost ze-
ro, 2 to 3 µm, and 3 to 5 µm, for the reference value of
the example 32, temperature rise values of 1.5 times or
higher (Evaluation Z), 1.3 to 1.5 times, and 1.5 times or
higher (Evaluations Y and Z) are obtained, and they are
disqualified. The interruption characteristics, for the ref-
erence value of the example 32, are reduced to 0.3
times and 0.5 times and moreover in the interruption
test, the first layer and second layer are separated un-
desirably (Comparison examples 18 and 19).
[0193] When the entry amount of Cu from the first lay-
er into the second layer and the entry amount of Cu from
the second layer into the first layer are set to 15 to 17
µm and 15 to 17 µm, for the reference value of the ex-
ample 32, temperature rise values of 1.15 to 1.3 times
and 1.3 to 1.5 times (Evaluations X and Y) are obtained,
and they are disqualified. The interruption characteris-
tic, for the reference value of the example 32, is reduced

to 0.8 to 0.9 times, and moreover in the interruption test
the first layer and second layer are separated undesir-
ably (Comparison example 20).
[0194] When the entry amount of Cu from the first lay-
er into the second layer is set to 20 to 25 µm and the
entry amount of Cu from the second layer into the first
layer is set to 20 to 25 µm (Example 31), the temperature
characteristic is similar to the reference value of the ex-
ample 32 (Evaluations C and D). Furthermore, the in-
terruption characteristic indicates 0.9 to 1.0 times and
is similar to the reference value of the example 32, that
is, within the qualified range.
[0195] Further, the evaluation of the present invention
is made such that the temperature characteristic and in-
terruption characteristic are treated as the reference val-
ues when the entry amount of Cu from the first layer into
the second layer is set to 30 to 35 µm and the entry
amount of Cu from the second layer into the first layer
is set to 30 to 35 µm (Example 32). Here, the tempera-
ture characteristic indicates (Evaluation C) and as-
sumed as the reference value. Furthermore, the inter-
ruption characteristic indicates 1.0 times and assumed
as the reference value.
[0196] When the entry amount of Cu from the first lay-
er into the second layer and the entry amount of Cu from
the second layer into the first layer are respectively set
to 45 to 50 µm and 45 to 50 µm (Example 34), the tem-
perature characteristic is similar to the reference value
of the example 32 or more (Evaluations B and C). The
interruption characteristic indicates satisfactorily 1.0 to
1.1 times.
[0197] When the entry amount of Cu from the first lay-
er into the second layer and the entry amount of Cu from
the second layer into the first layer are respectively set
to 95 to 100 µm and 95 to 100 µm (Example 35), the
temperature characteristic is 0.8 to 0.9 times for the ref-
erence value of the example 32 (Evaluation B). The in-
terruption characteristic indicates satisfactorily 1.0 to
1.1 times.
[0198] However, when the entry amount of Cu from
the first layer into the second layer and the entry amount
of Cu from the second layer into the first layer are re-
spectively set to 100 µm to 110 µm and 100 µm to 110
µm (Comparison example 21), or set to 110 µm to 115
µm and 110 µm to 115 µm (Comparison example 22),
for the reference value of the example 32, the temper-
ature rise values are undesirably 1.15 to 1.3 times and
1.3 to 1.5 times (Evaluations X and Y), or 1.05 to 1.15
times and 1.5 times or more (Evaluations D to Z). The
interruption characteristic, for the reference value of the
example 32, indicates 0.8 times to 1.0 times or 0.7 to
1.0 times and qualified values and disqualified values
coexist undesirably. On each contact surface after the
interruption test, composition changes and generation
of internal voids due to evaporation are seen. This
seems to be a cause.
[0199] When either of the entry amount of Cu from the
first layer into the second layer and the entry amount of
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Cu from the second layer into the first layer is set to 2
to 5 µm (Comparison examples 23 and 24), the temper-
ature characteristics indicate 1.05 to 1.15 times, 1.3 to
1.5 times, or 1.15 to 1.3 times (Evaluations D to Y, Eval-
uations D to X) and variations are seen. The interruption
characteristics, for the reference value of the example
32, indicate 0.8 times to 1.0 times and qualified values
and disqualified values coexist undesirably.

(Example 33)

[0200] In the example 33, as Cu of the second layer,
a Cu sintered plate is used.
[0201] Namely, as Cu and W for the first layer, Cu-W
mixed powder (the first layer) in which W powder with
an average particle diameter of 1 to 6 µm and Cu powder
with an average particle diameter of 10 µm are uniformly
mixed at a predetermined ratio (73 wt% W - Cu) is pre-
pared. As Cu for the second layer, a Cu sintered plate,
which has a relative density of 8.0 gr/cc or more and is
rolled to a thickness of 2 mm, is prepared.
[0202] On the top of the Cu sintered article (the sec-
ond layer), the Cu-W mixed powder (the first layer) is
placed, and the two are kept unchanged (kept loaded)
and are subject to a predetermined primary heating
process (1150°C) (at Step b), and Cu-W alloying of the
Cu-W mixed powder (the first layer) and alloying of the
boundary surface between the first and second layers
are realized at the same time. Thus, a composite contact
characterized in that the two (the first and second layers)
are united with each other while Cu of the second layer
and Cu in the first layer mutually enter within a range
from 20 µm to 100 µm from the boundary surface is ob-
tained, and the temperature characteristic and interrup-
tion characteristic are evaluated.
[0203] As a result, even if the second layer is a Cu
sintered plate, the same tendency is obtained (Example
33). Further, Cu of the Cu-W mixed powder and W of
the Cu-W mixed powder are heated respectively at
350°C or higher and 1350°C or higher before use.
[0204] From the aforementioned, the adaptation of
the art of the present invention is also useful in a com-
posite contact in which the Cu plate as the second layer
is replaced with a Cu sintered plate.

(Examples 36 and 37 and comparison examples 25
and 26)

[0205] As Cu and W for the first layer, Cu-W mixed
powder (the first layer) in which W powder with an av-
erage particle diameter of 1 to 6 µm and Cu powder with
an average particle diameter of 10 µm are mixed at a
predetermined ratio (25 to 95% W - Cu) is prepared. As
Cu for the second layer, a Cu plate is prepared.
[0206] On the top of the Cu plate (the second layer),
the Cu-W mixed powder (the first layer) is placed, and
the two layers are made contact with each other, as they
were, (kept loaded), are united with each other by the

primary pressuring process at a pressure of 6 t/cm2 or
less, and then are subject to the primary heating process
at 1150°C, and alloying of the Cu-W mixed powder (the
first layer) and alloying of the boundary surface between
the first and second layers are realized at the same time.
Thus, a composite contact in which the two (the first and
second layer) are united with each other while Cu of the
second layer and Cu in the first layer mutually enter with-
in a range from 20 µm to 100 µm from the boundary
surface is obtained (Step d).
[0207] In the temperature characteristic and interrup-
tion characteristic when the entry amount of Cu from the
first layer into the second layer and the entry amount of
Cu from the second layer into the first layer are set re-
spectively to 30 to 35 µm and 30 to 35 µm, Cu-W com-
posite contacts having W amount of 25 to 95% are man-
ufactured. An effect of controlling the entry amount of
Cu from the first layer into the second layer and the entry
amount of Cu from the second layer into the first layer
which is a gist of the present invention is examined.
[0208] For the reference value of the example 32, in
50% W-Cu (Example 36) and 90% W-Cu (Example 37),
the temperature characteristics indicate 0.8 to 0.9 times
(Evaluation B) and 1.05 to 1.10 times (Evaluation D),
respectively. The interruption characteristics ensure 1.1
times and 0.9 times for the reference value of the exam-
ple 32, and both characteristics are satisfactory.
[0209] On the other hand, in 25% W-Cu (Comparison
example 26), for the reference value of the example 32,
the temperature characteristic indicates 0.8 to 0.9 times
(Evaluation B) in the qualified range, though the inter-
ruption characteristic is undesirably reduced to 0.7
times, and the characteristics are disqualified as a
whole. On the contact surface after interruption, remark-
able surface roughness is seen (Comparison example
25).
[0210] Furthermore, in 95% W-Cu (Comparison ex-
ample 26), for the reference value of the example 32,
the temperature characteristic indicates 1.15 to 1.3
times (Evaluation X) and 1.3 to 1.5 times (Evaluation Y),
and the interruption characteristic indicates 0.4 times for
the reference value of the example 32, and is disquali-
fied (Comparison example 26).
[0211] From the aforementioned, to the Cu-W alloy
(Examples 36 and 37) in which the W amount of the first
layer is 50 to 90% W (wt%), the art of the present inven-
tion is preferably adapted.

(Examples 38 and 39 and Comparison example 27)

[0212] A Cu plate (the second layer) similar to the
aforementioned and a Cu-W mixed powder (the first lay-
er) similar to the aforementioned are prepared. On the
top of the Cu plate, the aforementioned Cu-W mixed
powder (the first layer) is placed and the layers are unit-
ed with each other by the primary pressuring process at
a pressure of 6 t/cm2 or less, (after cooling) are united
with each other by the primary heating process at 950
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to 1150°C, then are secondarily pressurized at a pres-
sure of 4 t/cm2 or more, and are united with each by the
secondary heating process at 1080°C or lower (Step g).
[0213] When the average particle diameter of W in the
Cu-W alloy (the first layer) is 0.1 to 1 µm (Example 38),
the temperature characteristic indicates 1.05 to 1.15
times (Evaluation D)..The interruption characteristic in-
dicates 0.9 to 1.0 times, and the two are within the qual-
ified range.
[0214] When the average particle diameter of W is 9
to 15 µm (Example 39), the temperature characteristic
indicates Evaluation C similar to that of the reference
example 32, and the interruption characteristic indicates
1.1 times, and the two are within the qualified range.
[0215] On the other hand, when the average particle
diameter of W is 25 to 35 µm (Comparison example 27),
the temperature characteristic indicates Evaluation C
similar to that of the reference example 32 and is qual-
ified, though the interruption characteristic indicates 0.7
to 1.0 times and is disqualified. When the average par-
ticle diameter of W is larger, the interruption character-
istic is varied.
[0216] From the aforementioned, to a contact in which
0.1 to 15 µm is selected as an average particle diameter
of W of the first layer, the art of the present invention
can be adapted usefully.

(Examples 40 to 42 and Comparison examples 28
and 29)

[0217] On the top of the Cu plate (the second layer),
the aforementioned Cu-W mixed powder (the first layer)
is placed, and the two layers are made contact with each
other, as they were, (kept loaded), are united with each
other by the primary heating process at 900 to 1150°C,
and then are united with each other by the primary pres-
suring process at a pressure of 6 t/cm2 or less, and Cr-
W alloying of the Cu-W mixed powder (the first layer)
and alloying of the boundary surface between the first
and second layers are realized at the same time. Thus,
a composite contact in which the two (the first and sec-
ond layers) are united with each other while Cu of the
second layer and Cu in the first layer mutually enter with-
in a range from 20 µm to 100 µm from the boundary
surface is obtained (Step c).
[0218] When the thicknesses of the first layer are set
respectively to 0.5 to 0.6 mm, 2.5 to 3 mm, and 4.5 to 5
mm (Examples 40 to 42), the temperature characteris-
tics satisfactorily indicate values similar to the reference
value of the example 32 (Evaluations B and C). The in-
terruption characteristics indicate 0.9 to 1.0 times similar
to the reference value of the example 32 within the qual-
ified range.
[0219] However, when the thickness of the first layer
is set to 0.1 mm or less (Comparison example 28), com-
pared with the reference value of the example 32, the
temperature characteristic indicates similar values
(Evaluation B) and is qualified, though the interruption

characteristic is greatly reduced to 0.4 to 0.8 times, and
the characteristics are disqualified as a whole.
[0220] Furthermore, when the thickness of the first
layer is set to 5.5 to 6 mm (Comparison example 29),
for the reference value of the example 32, the temper-
ature rise indicates 1.05 to 1.15 times (Evaluation D)
and is within the qualified range, though the interruption
characteristic indicates 0.7 to 0.9 times, and the char-
acteristics are disqualified as a whole. When the first
layer is excessively thick, it is disadvantageous to en-
sure a flexible contact surface .
[0221] From the aforementioned, to a contact in which
0.5 to 5 mm is selected as a thickness of the first layer,
the art of the present invention can be adapted usefully.

(Examples 43 and 44 and Comparison examples 30
and 31)

[0222] When the thickness of the first layer is fixed to
1.0 mm and the thicknesses of the second layers are
set respectively to 1 mm and 3 mm (Examples 43 and
44), the temperature characteristics indicate values sim-
ilar to the reference value of the example 32 (Evaluation
C). The interruption characteristics indicate similar val-
ues (1.0 times) and the two characteristics are similar
to the reference values of the example 32 and are qual-
ified.
[0223] However, when the thickness of the second
layer is set to 0.4 mm (Comparison example 30), com-
pared with the reference value of the example 32, the
temperature characteristic indicates similar or larger
values (Evaluation B and C) and is qualified, though the
interruption characteristic is reduced to 0.6 to 0.8 times,
and the characteristics are disqualified as a whole. Fur-
thermore, when the thickness of the second layer is set
to 6.0 mm (Comparison example 31), for the reference
value of the example 32, the temperature rise indicates
1.05 to 1.15 times (Evaluation D) and is qualified, though
the interruption characteristic indicates 0.8 times for the
reference value of the example 32 and is disqualified.
[0224] From the aforementioned, this is useful in ad-
aptation of the art of the present invention to a contact
in which 1 to 3 mm is selected as a thickness of the sec-
ond layer.

(Examples 45 and 46)

[0225] The two (the first and second layers) are just
made contact (loaded) with each other, then are subject
to the primary heating process (1050°C) and primary
pressurizing process (6 t/cm2 or less), and are further
subject to the secondary heating process (900°C) and
secondary pressurizing process (4 t/cm2 or more), and
Cu-W alloying of the Cu-W mixed powder (the first layer)
and alloying of the boundary surface between the first
and second layers are realized at the same time. Thus,
a composite contact in which the two (the first and sec-
ond layers) are united with each other while Cu of the
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second layer and Cu in the first layer mutually enter with-
in a range from 20 µm to 100 µm from the boundary
surface is obtained (Example 45, Step e). The temper-
ature characteristic indicates values similar to the refer-
ence value of the example 32 (Evaluation A). Further-
more, the interruption characteristic indicates 1.2 times
for the reference value of the example 32 and is quali-
fied.
[0226] Further, with respect to the secondary heating
process and secondary pressurizing process performed
after the primary heating process and primary pressu-
rizing process, only the secondary heating process may
be performed or only the secondary pressurizing proc-
ess may be performed.
[0227] Next, the two (the first and second layer) are
just made contact with each other and then are subject
to the primary heating process (1050°C) while the two
are kept in the primary pressurizing contact (a weight of
2 kg/cm2 is kept loaded), and alloying of the Cu-W mixed
powder (the first layer) and alloying of the boundary sur-
face between the first and second layers are realized at
the same time. Thus, a composite contact in which the
two (the first and second layers) are united with each
other while Cu of the second layer and Cu in the first
layer mutually enter within a range from 20 µm to 100
µm from the boundary surface is obtained (Example 46,
Step f). The temperature characteristic indicates values
similar to the reference value of the example 32 (Eval-
uations A and B). Furthermore, the interruption charac-
teristic indicates 1.1 to 1.2 times for the reference value
of the example 32 and is qualified.

(Examples 47 to 51)

[0228] As raw powder of Cu-W mixed powder (the first
layer), Cu containing 0.001% Bi instead of pure Cu is
prepared. For the Cu plate (the second layer), pure Cu
sufficiently softened is prepared and a composite con-
tact is manufactured under the condition at Step c (Ex-
ample 47). The temperature characteristic indicates val-
ues similar to the reference value of the example 32
(Evaluation C). Furthermore, the interruption character-
istic indicates 1.1 times for the reference value of the
example 32 and is qualified.
[0229] As raw powder of Cu-W mixed powder (the first
layer), Cu containing 0.1% Bi instead of pure Cu is pre-
pared. For the Cu plate (the second layer), pure Cu suf-
ficiently softened is prepared and a composite contact
is manufactured under the condition at Step c (Example
48). The temperature characteristic indicates values
similar to the reference value of the example 32 (Eval-
uation C). Furthermore, the interruption characteristic
indicates 1.1 times for the reference value of the exam-
ple 32 and is qualified.
[0230] As raw powder of Cu-W mixed powder (the first
layer), Cu containing 1.0% Bi instead of pure Cu is pre-
pared. For the Cu plate (the second layer), pure Cu suf-
ficiently softened is prepared and a composite contact

is manufactured under the condition at Step c (Example
49). The temperature characteristic indicates values
similar to the reference value of the example 32 (Eval-
uation C). Furthermore, the interruption characteristic
indicates 1.1 times for the reference value of the exam-
ple 32 and is qualified.
[0231] As raw powder of Cu-W mixed powder (the first
layer), Cu containing 0.01% Te instead of pure Cu is pre-
pared. For the Cu plate (the second layer), pure Cu suf-
ficiently softened is prepared and a composite contact
is manufactured under the condition at Step c (Example
50). The temperature characteristic indicates values
similar to the reference value of the example 32 (Eval-
uation C). Furthermore, the interruption characteristic
indicates 1.1 times for the reference value of the exam-
ple 32 and is qualified.
[0232] As raw powder of Cu-W mixed powder (the first
layer), Cu containing 0.1% Sb instead of pure Cu is pre-
pared. For the Cu plate (the second layer), pure Cu suf-
ficiently softened is prepared and a composite contact
is manufactured under the condition at Step c (Example
51). The temperature characteristic indicates values
similar to the reference value of the example 32 (Eval-
uation C). Furthermore, the interruption characteristic
indicates 1.0 times for the reference value of the exam-
ple 32 and is qualified.

(Examples 52 to 54)

[0233] As raw powder of the mixed powder (the first
layer), WC is prepared in place of W. For the Cu plate
(the second layer), pure Cu sufficiently softened is pre-
pared and a composite contact is manufactured under
the condition at Step e (Example 52).
[0234] The temperature characteristic compared with
the reference value of the example 32 is ranked Evalu-
ation D. Furthermore, the interruption characteristic in-
dicates 1.1 times and is qualified.
[0235] As raw powder of the mixed powder (the first
layer), Mo is prepared in place of W. For the Cu plate
(the second layer), pure Cu sufficiently softened is pre-
pared and a composite contact is manufactured under
the condition at Step e (Example 53).
[0236] The temperature characteristic compared with
the reference value of the example 32 is ranked Evalu-
ation C. Furthermore, the interruption characteristic in-
dicates 1.0 times and is qualified.
[0237] As raw powder of the mixed powder (the first
layer), MoC is prepared in place of W. For the Cu plate
(the second layer), pure Cu sufficiently softened is pre-
pared and a composite contact is manufactured under
the condition at Step e (Example 54).
[0238] The temperature characteristic compared with
the reference value of the example 32 is ranked Evalu-
ation D. Furthermore, the interruption characteristic in-
dicates 0.9 to 1.0 times and is qualified.
[0239] From the aforementioned, this is useful in ad-
aptation of the art of the present invention to a composite
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contact in which W of the first layer is replaced with WC,
Mo, or MoC.

(Examples 55 to 58)

[0240] As raw powder of the mixed powder (the first
layer), Ag is prepared in place of Cu and WC is prepared
in place of W. For the Cu plate (the second layer), pure
Cu sufficiently softened is prepared and a composite
contact is manufactured under the condition at Step e
(Example 55).
[0241] The temperature characteristic compared with
the reference value of the example 32 is ranked Evalu-
ation D. Furthermore, the interruption characteristic in-
dicates 0.9 to 1.0 times and is qualified.
[0242] As raw powder of the mixed powder (the first
layer), Ag is prepared in place of Cu. For the Cu plate
(the second layer), pure Cu sufficiently softened is pre-
pared and a composite contact is manufactured under
the condition at Step e (Example 56).
[0243] The temperature characteristic compared with
the reference value of the example 32 is ranked Evalu-
ation D. Furthermore, the interruption characteristic in-
dicates 0.9 to 1.0 times and is qualified.
[0244] As raw powder of the mixed powder (the first
layer), Ag is prepared in place of Cu and MoC is pre-
pared in place of W. For the Cu plate (the second layer),
pure Cu sufficiently softened is prepared and a compos-
ite contact is manufactured under the condition at Step
e (Example 57).
[0245] The temperature characteristic compared with
the reference value of the example 32 is ranked Evalu-
ation D. Furthermore, the interruption characteristic in-
dicates 0.9 to 1.0 times and is qualified.
[0246] As raw powder of the mixed powder (the first
layer), Ag is prepared in place of Cu and Mo is prepared
in place of W. For the Cu plate (the second layer), pure
Cu sufficiently softened is prepared and a composite
contact is manufactured under the condition at Step e
(Example 58).
[0247] The temperature characteristic compared with
the reference value of the example 32 is ranked Evalu-
ation D. Furthermore, the interruption characteristic in-
dicates 0.9 to 1.0 times and is qualified.

(Modification example 1)

[0248] In the case that the thickness of the first layer
is set to 0.5 mm to 3.0 mm, and the thickness of the
second layer is set to 1.5 mm to 3.0 mm, and the total
thickness of the first and second layers is set to 1.0 mm
to 5.0 mm, alloying of the Cu-W mixture and alloying of
the boundary surface between the first and second lay-
ers are realized at the same time. Thus, composite con-
tacts in which the two are united with each other while
Cu of the second layer and Cu in the first layer mutually
enter within a range from 20 µm to 100 µm from the
boundary surface are manufactured. Then the first layer

is used as a contact surface, and the second layer is
used as a support pedestal of the first layer. A Cu plate
uses pure Cu sufficiently softened (Modification exam-
ple 1).
[0249] The temperature characteristic indicates val-
ues similar to the reference value of the example 32
(Evaluation C). Furthermore, the interruption character-
istic indicates 1.0 times similar to the reference value of
the example 32 and is qualified.
[0250] As mentioned above, according to these ex-
amples, the second layer composed of Cu and the first
layer composed of the Cu-Cr mixture (or the Cu-W mix-
ture) are kept in contact with each other (kept loaded)
and are united with each other by the heating process
and pressurizing process under a predetermined condi-
tion, thus Cu-Cr alloying of the Cu-Cr mixture (or Cu-W
alloying of the Cu-W mixture) and alloying of the bound-
ary surface between the first and second layers are re-
alized at the same time. Thus, a composite contact hav-
ing an excellent interruption characteristic and a stable
temperature characteristic can be provided in which Cu
of the second layer and Cu in the first layer mutually
enter within a range from 20 µm to 100 µm from the
boundary surface, and both the first layer and second
layer are united with each other. And, use of it, for ex-
ample, as a contact of a vacuum valve as shown in Fig.
9, contributes to realization of high performance of a
vacuum circuit breaker.
[0251] Obviously, numerous modifications and varia-
tions of the present invention are possible in light of the
above teachings. It is therefore to be understood that
within the scope of the appended claims, the invention
may be practiced otherwise than as specifically de-
scribed herein.

Claims

1. A composite contact, comprising:

a first layer composed of a Cu-Cr mixture
wherein powder or granular Cr with an average
particle diameter of 0.1 to 150 µm and powder
or granular Cu with an average particle diame-
ter of 0.1 to 150 µm are mixed at a rate of 15 to
60 wt% of Cr and the remainder of Cu; and
a second layer composed of Cu;

said first layer and said second layer being
united with each other while Cu of said first layer
enters said second layer within a range from 20 µm
to 100 µm from a boundary surface between said
first layer and said second layer and Cu in said sec-
ond layer enters said first layer within a range from
20 µm to 100 µm from said boundary surface.

2. A vacuum switch provided with a vacuum valve
comprising: said composite contacts according to
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claim 1.

3. A method for manufacturing a composite contact,
comprising the steps of:

step for preparing a first layer composed of a
Cu-Cr mixture wherein powder or granular Cr
with an average particle diameter of 0.1 to 150
µm and powder or granular Cu with an average
particle diameter of 0.1 to 150 µm are mixed at
a rate of 15 to 60 wt% of Cr and the remainder
of Cu;
step for preparing a second layer composed of
Cu;
step for placing said first layer to contact with
said second layer; and
step for primary heating said second layer and
said first layer contacted with said second layer
at a temperature of 900 to 1150°C, thereby to
realize alloying of said Cu-Cr mixture in said
first layer and alloying of said boundary surface
between said first and second layers at the
same time and to unite said first layer and said
second layer.

4. A method for manufacturing a composite contact,
comprising the steps of:

step for preparing a first layer composed of a
Cu-Cr mixture wherein powder or granular Cr
with an average particle diameter of 0.1 to 150
µm and powder or granular Cu with an average
particle diameter of 0.1 to 150 µm are mixed at
a rate of 15 to 60 wt% of Cr and the remainder
of Cu;
step for preparing a second layer composed of
Cu;
step for placing said first layer to contact with
said second layer;
step for primary pressurizing said first layer and
said second layer at a pressure of 6 t/cm2 or
less to united with each other; and
step for primary heating said second layer and
said first layer at a temperature of 900 to
1150°C after said first layer and said second
layer are united with each other by said primary
pressurizing step, thereby to realize alloying of
said Cu-Cr mixture in said first layer and alloy-
ing of said boundary surface between said first
and second layers at the same time.

5. A method for manufacturing a composite contact,
comprising the steps of:

step for preparing a first layer composed of a
Cu-Cr mixture wherein powder or granular Cr
with an average particle diameter of 0.1 to 150
µm and powder or granular Cu with an average

particle diameter of 0.1 to 150 µm are mixed at
a rate of 15 to 60 wt% of Cr and the remainder
of Cu;
step for preparing a second layer composed of
Cu;
step for placing said first layer to contact with
said second layer; and
step for primary heating said second layer and
said first layer contacted with said second layer
at a temperature of 900 to 1150°C, thereby to
realize alloying of said Cu-Cr mixture in said
first layer and alloying of said boundary surface
between said first and second layers at the
same time to unite said first layer and said sec-
ond layer; and
step for primary pressurizing said first layer and
said second layer at a pressure of 6 t/cm2 or
less after said first layer and said second layer
are heated by said primary heating step.

6. A method for manufacturing a composite contact,
comprising the steps of:

step for preparing a first layer composed of a
Cu-Cr mixture wherein powder or granular Cr
with an average particle diameter of 0.1 to 150
µm and powder or granular Cu with an average
particle diameter of 0.1 to 150 µm are mixed at
a rate of 15 to 60 wt% of Cr and the remainder
of Cu;
step for preparing a second layer composed of
Cu;
step for placing said first layer to contact with
said second layer; and
step for primary pressurizing said first layer and
said second layer at a pressure of 6 t/cm2 or
less; and
step for primary heating said second layer and
said first layer contacted with said second layer
at a temperature of 900 to 1150°C while said
first and second layers are kept pressurized in
said primary pressurizing step, thereby to real-
ize alloying of said Cu-Cr mixture in said first
layer and alloying of said boundary surface be-
tween said first and second layers at the same
time to unite said first layer and said second lay-
er in said primary pressurizing step.

7. A method for manufacturing a composite contact,
comprising the steps of:

step for preparing a first layer composed of a
Cu-Cr mixture wherein powder or granular Cr
with an average particle diameter of 0.1 to 150
µm and powder or granular Cu with an average
particle diameter of 0.1 to 150 µm are mixed at
a rate of 15 to 60 wt% of Cr and the remainder
of Cu;
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step for preparing a second layer composed of
Cu;
step for placing said first layer to contact with
said second layer; and
step for primary processing at least one of fol-
lowing steps,
step for primary heating said second layer and
said first layer contacted with said second layer
at a temperature of 900 to 1150°C, thereby to
realize alloying of said Cu-Cr mixture in said
first layer and alloying of said boundary surface
between said first and second layers at the
same time to unite said first layer and said sec-
ond layer, and
step for primary pressurizing said first layer and
said second layer at a pressure of 6 t/cm2 or
less to unite said first layer and said second lay-
er; and
step for secondary processing at least one of
following steps after said primary processing
step,
step for secondary heating said first layer and
said second layer at 1080°C or lower, and
step for secondary pressurizing said first layer
and said second layer at a pressure of 4 t/cm2

or more.

8. The composite contact according to Claim 1,
wherein:

Cu of said second layer after said first layer and
said second layer are united with each other is
a Cu plate or a Cu sintered article practically
having a relative density of Cu.

9. The composite contact according to Claim 1 or
Claim 8, wherein:

Cu of said first layer after said first layer and
said second layer are united with each other
comprises at least one selected from the group
consisting of Cr, Al, Si, and Fe by an amount of
0.5 wt% or less.

10. The composite contact according to Claim 1, Claim
8 or Claim 9, wherein:

a thickness of said first layer is set between 0.5
mm and 3.0 mm;
a thickness of said second layer is set between
0.5 mm and 3.0 mm;
a total thickness of said first layer and said sec-
ond layer is set between 1.0 mm and 5.0 mm;
and
said first layer is a contact surface, and said
second layer is a support pedestal of said first
layer.

11. The composite contact according to any one of
Claims 1 and 8 to 10, wherein:

Cu of said first layer composed of said Cu-Cr
mixture comprises at least one selected from
the group consisting of Bi, Te, and Sb by
amount of 0.001 to 1 wt%.

12. The composite contact according to Claim 1, Claim
8 or Claim 11, wherein:

said powder or granular Cr with an average par-
ticle diameter of 0.1 to 150 µm is replaced with
any of powder or granular W, carbide of W, Mo,
and carbide of Mo with an average particle di-
ameter of 0.1 to 15 µm; and,
said Cu-Cr mixture is replaced with any of a Cu-
W mixture, a mixture of Cu and carbide of W, a
mixture of Cu and Mo, and a mixture of Cu and
carbide of Mo, wherein any of powder or gran-
ular W, carbide of W, Mo, and carbide of Mo
with an average particle diameter of 0.1 to 15
µm and powder or granular Cu with an average
particle diameter 0.1 to 15 µm are mixed at a
rate of 50 to 90 wt% of any of W, carbide of W,
Mo, and carbide of Mo and the remainder of Cu.

13. The composite contact according to Claim 12,
wherein:

a part of or all of Cu in said first layer is replaced
with Ag.

14. The composite contact according to Claim 12 or
Claim 13, wherein:

a thickness of said first layer is set between 0.5
mm and 5.0 mm;
a thickness of said second layer is set between
1.0 mm and 3.0 mm;
a total thickness of said first layer and said sec-
ond layer is set between 1.5 mm and 7.0 mm;
and
said first layer is a contact surface, and said
second layer is a support pedestal of said first
layer.
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