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Description
FIELD
[0001] The presentinvention relatesto a slide member

including a back metal layer, an Al-based alloy layer, and
an overlay.

BACKGROUND

[0002] Aslide membersuch as aslide bearing typically
used in automobile applications generally comprises a
back metal layer coated with Al or Cu based alloy layer.
Normally, an overlay is further provided on the surface
of the alloy layer to improve bearing properties.

[0003] Recent growing increase in engine output has
caused slide bearings to be subject to greater surface
pressure, and increasing use of low viscosity lubricant
oil for achieving improved energy efficiency is causing
oil film ruptures and seizures on a more frequent basis.
Given such circumstances, there is a need in the industry
for a slide bearing with outstanding anti-seizure proper-
ties.

[0004] EP 1715084 A1 discloses an aluminium alloy
including eutectic Si particles ranging from 0.4 umto 5.5
wm in particle diameter in the alloy matrix. EP 1 715 084
A1 also discloses that the aluminium alloy includes 5 to
12 mass% of Si; that 60% of the eutectic Si particles
range from 0.8 to 2.4 um in particle diameter; and the
count of eutectic Si particles add up to 4,000 parti-
cles/mmZ or greater but less than 40,000 particles/mm?2.
EP 1 715 084 A1 further discloses that the above de-
scribed configuration may be applied to sliding parts.
[0005] One example of a slide member with improved
anti-seizure properties is disclosed in patent publication
JP 10-77968 A. The disclosed slide member has an over-
lay formed by electrical Sn plating on the surface of an
Al-si eutectic alloy base material. The maximum surface
roughness (Rz) of the Al-Si eutectic alloy base material
is maintained at 5.5 um or less. By keeping the maximum
surface roughness (Rz) of the Al-Si eutectic alloy base
material at 5.5 pwm or less, less bumps are observed on
the surface of Sn plating, thus scoring and seizure can
be prevented even when sliding takes place under EHL
(Elasto-Hydrodynamic Lubrication) with relatively less lu-
bricant oil and higher surface pressure.

[0006] The Al-Si eutectic alloy base material generally
comprises primary crystal Si particles having relatively
large particle size and fine eutectic Si particles. In JP
10-77968 A, the surface of the Al-Si eutectic alloy base
material is etched by alkali etching and desmutted prior
to being electroplated with Sn. Alkali etching is performed
by applying an alkali liquid comprising high concentration
of sodium hydroxide solution on the surface of Al-Si eu-
tectic alloy base material while desmutting applies des-
mutting liquid comprising low concentration of nitric acid
etc. Alkali etching and desmutting dissolve primary crys-
tal Si particles and fine eutectic Si particles to reduce the
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size of primary crystal Si particles and remove most of
fine eutectic Si particles. Thus, by reducing the size of
orremoving Siresiding on the surface of the Al-Si eutectic
alloy base material, the bumps on the surface of the Al-
Si eutectic alloy base material and consequently the
bumps on the surface of the overlay are reduced in size.
[0007] When bumps, which may also be described as
a combination of convexities and concavities are formed
on the surface of the overlay, the concavities (or recess-
es) between the convexities retain lubricant oil to provide
improved anti-seizure properties. In employing such ap-
proach of retaining lubricant oil between the convexities
on the surface of the overlay, distribution and size of the
convexities situated in the area in which lubricant is re-
tained, or the so called the lubricant retention area, is
considered as an important factor in determining the fa-
vorable or unfavorable level of non-seizing properties.
[0008] JP 10-77968 A, however, does not address the
distribution and size of the convexities of the overlay nor
the Al-Si eutectic alloy base material which significantly
influences the shape of the convexities residing on the
surface of the overlay. As can be seen particularly in JP
10-77968 A, since most of the fine or small sized eutectic
Si particles are dissolved by desmutting, the remaining
primary crystal Si particles tend to be too far apart from
one another. Such excessive spacing between the Si
particles on the surface of the Al-Si eutectic alloy base
material also results in excessive spacing between the
convexities on the overlay surface. Such excessive spa-
ciousness provides grounds for unwanted narrowing of
gap between the concavities (between the convexities)
and the counterpart slide member when either or both
the counterpart slide member and the overlay are de-
formed (one form of deformation may be a bend). Since
lubricant oil is retained in the aforementioned gap, nar-
rower gap results in poor oil retention.

[0009] Primary Si particles, initially sizable, are dis-
solved by desmutting and thus, reduced in size to some
extent. However, since the primary Si particles still re-
main relatively sizable, the convexities produced on the
overlay remain relatively sizable as well. Such oversized
convexities may prevent smooth lubricant oil flow within
the lubricant oil retention area by blocking the flow of
lubricant oil into locations in short supply of lubricant oil
caused by local contact etc. Such shortage in lubricant
oil supply may ultimately lead to seizures.

SUMMARY

[0010] The presentinvention provides a slide member
as defined in claim 1, providing outstanding anti-seizure
properties.

[0011] In one aspect of the present invention, there is
provided

a slide member provided with an Al-based alloy layer
including Si and having a contoured surface including
planar surfaces and convexities consisting of Si particles
protruding from the planar surfaces; an intermediate lay-
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er that coats the Al-based alloy layer; an overlay that
coats the intermediate layer; wherein 90% or more of the
Si particles protruding from the planar surfaces are con-
figured to have a predetermined particle diameter of 2
wm or less, the Si particles having the predetermined
particle diameter being distributed in the Al-based alloy
layer with a distance between centers of gravity of the Si
particles having the predetermined particle diameter av-
eraging 6 pm or less, and wherein the overlay has a
contoured surface including planar surfaces and convex-
ities conforming with the convexities of the contoured
surface of the Al-based alloy layer, and wherein the dis-
tance between the centers of gravity of the Si particles
having a particle diameter of 2 um or less is about 2 to
5 times the average particle diameter of Si particles hav-
ing the particle diameter of 2 um or less, and the height
of the convexities protruding from the planar surfaces of
overlay 3 is 0.6 to 1 times the height of the Si particles
having the particle diameter of 2 um or less protruding
from the planar surfaces of Al-based alloy layer 1.
[0012] FIG.2A is a reproduction of a microscopic pho-
tograph and shows distribution of the Si particles residing
on the surface of the Al-based alloy layer immediately
before being coated with an Ag intermediate layer. As
can be seen in FIG.2A, each Si particle has its upper
portion protruding from the planar surface of the Al-based
alloy layer and its lower portion greater than the upper
portion submerged below the planar surface. The Si par-
ticles protruding from the planar surface of the Al-based
alloy layer serve as the convexities on the surface of the
Al-based alloy layer, whereas the intermediate portions
between the convexities serve as the planar surfaces
constituting the concavities. In the present invention, the
planar surface is defined as a portion appearing to be
substantially straight at the boundary of the laminated
layers and the topmost surface of the laminate feature
when viewed normal to the cross section taken along the
direction of thickness of the laminated layers of the slide
member. The planar surface of the Al-based alloy layer
is represented by H; whereas the size of the Si particle
is represented by dg indicating the diameter of the cir-
cumscribing circle taken at the portion of the Si particle
having the greatest length.

[0013] FIG.2Bisaschematic view of the surface of the
Al-based alloy layer showing equally spaced Si particles
aligned in rows and columns with an assumption that all
the Si particles are spherical and have a constant diam-
eter.

[0014] FIG.1is an enlarged cross sectional view of the
laminated features comprising an Al-based alloy layer 1,
an Ag intermediate layer 2 (or simply referred to as in-
termediate layer 2 hereinafter), and an overlay 3. As can
be seen in FIG.1, Ag intermediate layer 2 is coated on
the surface of Al-based alloy layer 1 by electrical plating
and overlay 3 comprising Bi or Bi alloy is coated on the
surface of Ag intermediate layer 2. In FIG.1, the planar
surface residing on the surface of overlay 3, in other
words, the planar surface between the convexities is rep-
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resented by Hj. In FIGS.1 and 2B, the distance between
the centers of gravity of the neighboring Si particles
measured along a line parallel to planar surface H, is
represented by d.,. The thickness of intermediate layer
2, in other words, the distance between planar surface
H, and planar surface H, of intermediate layer 2 is rep-
resented by t,. The thickness of overlay 3, in other words,
the distance between planar surface H, and planar sur-
face Hj is represented by t,. The height of the Si particle
protruding from planar surface H; of Al-based alloy layer
1 is represented by t¢;. The height of the convexity from
planar surface H, of intermediate layer 2 is represented
by t5,. The height of the convexity from planar surface
Hj of overlay 3 is represented by ty3. The distance meas-
ured along planar surface H; between the neighboring
Si particles is represented by d, and the distance meas-
ured along planar surface Hy between the neighboring
convexities is represented by d,.

[0015] As can be seen in FIG.1, the surfaces of inter-
mediate layer 2 and overlay 3 are contoured so as to
follow the bumps formed on the surface of Al-based alloy
layer 1. In other words, a portion of the Si particle pro-
trudes by height ty4 from planar surface H, of Al-based
alloy layer 1 to form a corresponding convexity of height
tso on the surface of intermediate layer 2 and further a
convexity of height t3 corresponding to tg4(t,), thereby
forming a lubricant oil retention area between the neigh-
boring convexities on the surface of overlay 3.

[0016] According to the above described aspect of the
present invention, 90% or more of the Si particles pro-
truding from the planar surface of the Al-based alloy layer
are configured to have a particle diameter of 2 um or
less, and such Si particles having 2 um or less particle
diameter are distributed such that their centers of gravity
are spaced apart by 6 wm or less in average. It has been
found that such configuration provides reduced variance
in the height of convexities protruding from overlay 3 to
reduce location-based variance in the sizes of the lubri-
cant oil retention areas, and at the same time, prevent
excessive spacing being produced between the convex-
ities to yield evenly distributed lubricant oil retention ar-
eas on the surface of overlay 3. The above described
arrangement of lubricant oil retention areas provide im-
proved lubricant oil retention capabilities, which in turn
improves anti-seizure properties.

[0017] Further, the lubricant oil retained in the lubricant
oil retention area can flow smoothly, without interference
of the convexities, into portions in short supply of lubricant
oil caused by local contact etc. , when 90% or more of
the Si particles protruding from the planar surface of Al-
based alloy layer 1 have particle diameters of 2 um or
less. Such configuration yields sufficient lubricant oil sup-
ply, and more importantly, improves anti-seizure proper-
ties.

[0018] Slide member such as a slide bearing, more
specifically an Al bearing, for example, is generally man-
ufactured by a series of steps including a casting step,
a rolling step, a pressure bonding step, a thermal treat-
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ment step, a machining step, a surface treatment step,
and a plating step. In the casting step, plates of Al-based
alloy are cast by a belt cast having advantageous mass
production capabilities. Then, in the rolling step, the cast
of Al-based alloy is flattened into a thin Al-based alloy
sheet which is pressed together with another aluminum
alloy sheet constituting a bonding layer to form a multi-
layered aluminum alloy sheet. In the subsequent press-
ing step, the multi-layered aluminum alloy sheet is
pressed together with a steel sheet constituting a back
metal layer to form a bearing forming plate (the so-called
bimetal) which is annealed for several hours in the sub-
sequent thermal treatment step. Then, the bimetal is
processed in the machining step and thereafter is subject
to surface treatment by alkali and acidic etching liquid in
the following surface treatment step. Finally, in the plating
step, electroplating is performed to line intermediate lay-
er 2 and to further line overlay 3 on intermediate layer 2
to complete manufacturing of the slide bearing.

[0019] In order to obtain Si particles having particle
diameters of 2 um or less, the present invention employs
Al-based alloy 1 preferably made of components such
as: 1to 10 mass% of Zn, 3 to 8 mass% of Si, balance of
Al and unavoidable impurities; or 1 to 10 mass% of Zn,
3 to 8 mass% of Si, 0.1 to 5 mass% of Cu, 0.05 to 3
mass% of Mg, balance of Al and unavoidable impurities.
Such Al-based alloy 1 is processed in a casting step in
which the melted Al-based alloy is rapidly cooled at the
speed of 30 to 100 degrees Celsius/sec, for example, to
crystallize small-crystal eutectic Si particles without al-
lowing crystallization of primary Si particles relatively
larger in crystal size as much as possible. Thus, by the
time bimetal manufacturing is completed, the Si particles
having 2 pm or less particle diameters are spaced apart
from each other by an average of 6 wm or less when
measured from their centers of gravity. Preferably, the
Si particles are all less than 10 wm in particle diameter
and the percentage of Si particles greater than 2 pm but
equal to or less than 10 wm in particle diameter is 10%
or less. More preferably, the percentage of Si particles
greater than 2 um but equal to less than 5 wm in particle
diameter is 5% or less, and Si particles greater than 5
pm but equal to less than 10 wm in particle diameter is
1% or less.

[0020] In the present invention, the distance between
the centers of gravity of the Si particles having a particle
diameter of 2 um or less is about 2 to 5 times the average
particle diameter of Si particles having the particle diam-
eter of 2 um or less. Further, the height of the convexities
protruding from the planar surfaces of overlay 3 is 0.6 to
1 times the height of the Si particles having the particle
diameter of 2 um or less protruding from the planar sur-
faces of Al-based alloy layer 1.

[0021] It has been found that sufficient distance can
be obtained between the convexities of the contoured
surface of overlay 3 to prevent joining or overlapping of
the skirts of the neighboring convexities to consequently
secure sufficient difference in level (height) between the
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convexities and the concavities required on the surface
of overlay 3, when distance d,, between the centers of
gravity of Si particles having particle diameters of 2 um
or less is equal to or greater than twice the average par-
ticle diameter of Si particles having particle diameter of
2 pm or less. Such configuration allows formation of lu-
bricant oil retention area capable of retaining greater
amount of lubricant oil. Favorable lubricant oil retention
area can be obtained when distance d,, is equal to or
less than 5 times the average particle diameter of Si par-
ticles having particle diameter of 2 um or less. In the
present invention, average particle diameter indicates
the average dg at each Si particle.

[0022] It has been further found that lubricant oil re-
tention between the convexities on overlay 3 surface (lu-
bricant oil retention area) can be facilitated, when the
height of the convexities protruding from the planar sur-
face of overlay 3, in other words, t5 is equal to or greater
than 0.6 times the height t¢; of the convexities of Si par-
ticles having particle diameter of 2 um or less from the
surface of Al-based alloy layer 1. The maximum height
the convexity protruding from the planar surface of over-
lay 3 may take is height ty4 (t541<1.0) of the Si particles
protruding from Al-based alloy layer 1.

[0023] Yet, in another aspect of the slide member ac-
cording to the present invention, the average height of
the Si particles having the particle diameter of 2 um or
less protruding from the planar surfaces of Al-based alloy
layer 1 is 0.1 to 1.0 wm and the average height of the
convexities from the planar surfaces of overlay 3 is 0.08
to 1.0 wm, which is favorable in forming the lubricant oil
retention area.

[0024] Sitill yet, in another aspect of the slide member
according to the present invention, the height of the Si
particles having the particle diameter of 2 um or less
protruding from the planar surfaces of Al-based alloy lay-
er 1is 0.5 times or less a particle diameter of Si particles
protruding from the planar surfaces of Al-based alloy lay-
er1.

[0025] Height tg, of the Si particles having particle di-
ameter of 2 wm or less protruding from the planar surface
of Al-based alloy layer 1 being equal to or less than 0.5
times the particle diameter of Si particles means that
each Si particle has half or more than half of its full height
submerged below the Al alloy surface. Such configura-
tion is advantageous in preventing removal of the Si par-
ticles from Al-based alloy layer 1.

[0026] Still yet, in another aspect of the slide member
according to the present invention, the length of each of
the planar surface of overlay 3 is greater than the length
of each of the planar surface of Al-based alloy layer 1
with which the planar surface of the overlay conforms,
meaning that d,>d,

[0027] Inordertorealize the above described features
on the surface of overlay 3, the surface of the bimetal is
electroplated, after the surface treatment step, for form-
ing intermediate layer 2 and further forming overlay 3 on
intermediate layer 2. In doing so, it is preferable to per-
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form electroplating for forming overlay 3 at a current den-
sity which is about 1.2 to 12 times the current density
employed in forming intermediate layer 2 but at 60 to
90% of the current density employed in a normal elec-
troplating process.

[0028] It has been found that joining or overlapping of
the skirts of the neighboring convexities can be prevented
by providing a suitable distance between the convexities
formed on the surface of overlay 3. Such configuration
allows required difference in level to be obtained between
the convexities and the concavities formed on the surface
of overlay 3 to form advantageous lubricant oil retention
areas that retain sufficient amounts of lubricant oil.
[0029] Inthe presentinvention, the length of the planar
surface indicates the distance between the skirt ends or
foot of the neighboring convexities when viewed normal
to the cross section taken along the direction of thickness
of the laminated layers of the slide member.

[0030] Generally, the convexities and the planar sur-
faces formed by electroplating are in smooth continua-
tion. In such case, the point where the planar surface
initiates its elevation in a curve and where shaping of the
convexity is initiated is defined as the skirt end.

[0031] Measurement of distance d, taken along the
planar surface of overlay 3 is preferably 1.1 to 1.5 times
distance d, taken along the corresponding planar surface
of Al-based alloy layer 1.

[0032] Still yet, in another aspect of the slide member
according to the present invention, the total sum of plane
areas of the convexities of the Si particles protruding from
the planar surface of Al-based alloy layer 1 is 2 to 10%
of plane area of Al-based alloy layer 1. Further, the total
sum of the plane areas of the convexities protruding from
the planar surface of Al-based alloy layer 1 includes the
plane areas of the convexities of Si particles having par-
ticle diameters greater than 2 um, if such Si particles
exist.

[0033] Inordertorealize the above described protrud-
ing features of the Si particles, the surface of the bimetal
is preferably immersed in an alkali etching liquid for a
duration of about 1.2 to 2 times the usual time period as
well as in a pickling liquor for a duration of about 0.8 to
1.2 times the usual time period.

[0034] Ithasbeenfoundthatlubricantoil retentionarea
with advantageous oil retention capabilities can be ob-
tained when the sum of the plane areas of the convexities
of the Si particles protruding from the planar surfaces of
Al-based alloy layer 1 is equal to or greater than 2% of
the plane area of Al-based alloy layer 1. The lubricant oil
retention area formed under such configuration yields
sufficient amount of lubricant oil retention to provide im-
proved anti-seizure properties.

[0035] Ithas been further found that, bonding between
Al-based alloy layer 1 and intermediate layer 2 can be
maintained at a fair level when the sum of the plane areas
of the convexities of the Si particles protruding from the
planar surface of Al-based alloy layer 1 is 10% or less
than the plane area of Al-based alloy layer 1.
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[0036] Still yet, in another aspect, the slide member
according to the presentinvention is configured such that
the thickness of the above described intermediate layer
2is 0.5 to 5 pm thick and overlay 3 is 2 to 10 wm thick.
[0037] Ithas been found that sufficient bonding can be
obtained while maintaining the strength of intermediate
layer 2 by configuring the thickness of intermediate layer
2 at 0.5 wm or greater. Further, by configuring the thick-
ness of intermediate layer 2 at 5 um or less, bumps (or
convexoconcaves) can be readily formed on the surface
of intermediate layer 2 that follows the bumps on the
surface of Al-based alloy layer 1.

[0038] Likewise, it has also been found that sufficient
bearing properties can be obtained as well as favorable
bonding property of overlay 3 by configuring the thick-
ness of overlay 3 at 2 um or greater. Further, by config-
uring the thickness of overlay 3 at 10 wm or less, bumps
(or convexoconcaves) can be readily formed on the sur-
face of overlay 3 that follows the bumps on the surface
of Ag intermediate layer 2.

[0039] Still yet in another aspect, the slide member
according to the present invention includes Al-based al-
loy layer 1 containing 1 to 10 mass% of Zn, 3 to 8 mass%
of Si, balance of Al, and unavoidable impurities; interme-
diate layer 2 having one of Ag, Ag alloy, Cu, and Cu alloy;
and overlay 3 having one of Bi and Bi alloy. Still yet, the
slide member according to the presentinventionincludes
Al-based alloy layer 1 containing 1 to 10 mass% of Zn,
3 to 8 mass% of Si, 0.1 to 5 mass% of Cu, 0.05 to 3
mass% of Mg, balance of Al, and unavoidable impurities;
intermediate layer 2 having one of Ag, Ag alloy, Cu, and
Cu alloy; and overlay 3 having one of Bi and Bi alloy.
[0040] It has been found that content of 3 to 8 mass%
of Si is a favorable amount in facilitating eutectic crystal-
lization while restraining crystallization of sizable primary
Si particles. Further 3 mass% or greater amount of Si
provides greater efficiency in obtaining the average of 6
wm or less distance between the centers of gravity of the
Si particles. By maintaining the content of Si at or less
than 8 mass%, excessive crystallization of Si particles
onto the surface of Al-based alloy layer 1 can be prevent-
ed to provide advantageous bonding between Al-based
alloy layer 1 and overlay 3 or intermediate layer 2.
[0041] It has been further found that when Al-based
alloy layer 1 contains 1 to 10 mass% of Zn, 0.1 to 5
mass% of Cu, and 0.05 to 3 mass% of Mg, these ele-
ments form a solid solution with Al to increase matrix
strength.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The features and advantages of the present in-
vention will become clear upon reviewing the following
description of the exemplary embodiment of the present
invention with reference to the accompanying drawings,
in which,

FIG.1 is schematic cross sectional view of a slide
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member according to one aspect of the present in-
vention;

F1G.2 schematically shows a surface of an Al-based
alloy layer, in which 2A is a reproduction based on
a microscopic photograph, and 2B is a hypothetical
image of equally spaced Si particles arranged in
rows and columns;

FIGS.3A to 3D show the lifecycle of bismuth oxide
formed on an overlay;

FIG.4 is schematic cross sectional view of the slide
member;

FIG.5 shows a schematic configuration of a cavita-
tion testing machine;

FIG.6 is a chart showing components of samples
used in anti-seizure test and cavitation test;

FIG.7 is a chart showing conditions applied in the
anti-seizure test;

FIG.8 is a chart showing the results of the anti-sei-
zure test;

FIG.9 is a chart showing conditions applied in the
cavitation test; and

FIG.10is a chart showing the results of the cavitation
test.

DETAILED DESCRIPTION

[0043] A description will be given hereinafter on one
exemplary embodiment of the present invention.

[0044] According to one exemplary embodiment of the
present invention, a slide member is implemented as a
slide bearing comprising laminated layers as can be seen
in the schematic cross sectional view depicted in FIG. 4.
Slide bearing 4 shown in FIG. 4 includes a back metal
layer 5 made of steel, an Al-based alloy layer 1 compris-
ing an Al-Zn-Si alloy, an intermediate layer 2 comprising
Ag formed on Al-based alloy layer 1, and an overlay 3
comprising Bi or Bi alloy formed on intermediate layer 2.
For the purpose of verifying the advantageous effects of
the present invention, samples represented as exempla-
ry experiments 1 to 11 and comparative experiments 1
to 4 indicated in FIG. 6 have been prepared to perform
an anti-seizure test and a cavitation test.

[0045] To describe the method of preparing the sam-
ples, first, an Al-based alloy being composed according
to FIG.6 was melted and thereafter cooled at the speed
indicated in FIG.6 in the casting step to form a plate made
of Al-based alloy. Then the plate was thinned into a sheet
by applying pressure by way of rolling etc., and the
thinned sheet of Al-based alloy was pressed together
with a steel plate constituting a back metal layer to form
a bimetal. The bimetal, after being annealed, was bent
into a semi-circular shape to obtain a semicircular slide
bearing, in this case, a half bearing. Then, the surface of
Al-based alloy layer 1 of the bearing was electrolytically
degreased as a preparatory step and thereafter plated
to form Ag intermediate layer 2. Finally, Bi overlay 3 was
plated on intermediate layer 2 to obtain each of the sam-
ples. In exemplary experiments 1 to 11, electrical plating
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for forming intermediate layer 2 and overlay 3 were per-
formed after alkali etching Al-based alloy layer 1 with an
immerse time of 90 seconds and thereafter pickling the
etched feature with an immerse time of 60 seconds.
Then, intermediate layer 2 was electroplated at a current
density of 0.8 to 3A/dm2 and overlay 3 was similarly elec-
troplated at a current density of 0.9 to 4A/dm2, respec-
tively for a predetermined duration suited for their thick-
ness. Temperature of the plating liquid was set at 25 to
40 degrees Celsius for both cases.

[0046] Cross sectionalimages of samples obtained by
the above described exemplary experiments 1to 11 and
comparative examples 1 to 4 were taken by a micro-
scope. Dimensions such as plating thickness, dgand d,,,
etc., were taken at different locations and the average
values of such dimensions are indicated in FIG.8. The
schematic view given in FIG.2A represents exemplary
experiment 1.

[0047] The conditions applied in the seizure tests for
exemplary experiments 1 to 11 and 1 to 4 are indicated
in FIG.7 and the test results are indicated in FIG.8.
[0048] The following provides an analysis on the above
described tests.

[0049] The results of the anti-seizure test show that
90% or more of the Si particles protruding from the sur-
face of Al-based alloy layer 1 had a particle diameter of
2 wm or less and among such Si particles having a par-
ticle diameter of 2 um or less, exemplary experiments 1
to 11 in which the centers of gravity of Si particles were
spaced apart from each other by an average of 6 pm
showed more favorable anti-seizure properties relative
to comparative experiments 1 to 4. It can be understood
from comparing exemplary experiments 1 to 4 and com-
parative experiments 1to 4 that the Si particles protruding
from the planar surface of Al-based alloy layer 1 provide
favorable anti-seizure properties when the particle diam-
eters of 90% or more of the Si particles are 2 um or less
and when centers of gravity of such Si particles having
particle diameters of 2 um or less are spaced apart by
an average of 6 wm or less. It can further be understood
from the comparison of exemplary experiments 1 and 2,
and exemplary experiments 3 and 4 that the Si particles
protruding from the planar surface of the Al-based alloy
layer provide favorable anti-seizure properties when the
sum of plane areas of the convexities of the Si particles
protruding from the surface of the Al-based alloy layer is
2 to 5% of the plane area of the Al-based alloy layer.
[0050] Further, cavitation tests were performed for
evaluating plating bonding property. The cavitation tests
were performed using the testing machine shown in FIG.
5 under the conditions indicated in FIG.9.

[0051] More specifically, the cavitation tests were per-
formed, as shownin FIG. 5, by placing a sample 13 inside
a water tub 12, and impinging ultrasonic waves of 19000
Hz for 3 minutes on the slide surface of sample 13 in
water 11. The ultrasonic waves are discharged from an
ultrasonic wave producing horn 14 with a clearance of a
predetermined measurement of 0.5 mm, for example.
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The above described condition is identified as the first
condition. After the test, a verification was made as to
whether or not overlay 3 or intermediate layer 2 have
been peeled, and the results are indicated in Fig.10 by
marking a "O (circle)" if not peeled and an "X" if peeled.
[0052] The result of the cavitation test show that ex-
emplary experiments 1 to 11 in which the centers of grav-
ities of the Si particles having a particle diameter 2 pm
or less were spaced apart from each other by an average
of 6 wm or less have favorable bonding property. For
verification of even higher bonding, experiments 5 to 11
were tested under stricter conditions in which the clear-
ance was reduced to 0.2 mm. This stricter condition is
identified as the second condition. It can be understood
from comparing exemplary experiments 5 to 8 with 9 and
10that Al-based alloy layer 1 shows outstanding bonding
with overlay 3 through bonding with intermediate layer 2
when plating of intermediate layer 2 is 0.5 um thick or
greater and plating of overlay 3 is 2 um thick or greater.
It can be understood from comparing exemplary exper-
iments 5 to 8 with exemplary experiment 11 that Al-based
alloy layer 1 shows outstanding bonding with overlay 3
and intermediate layer 2 when the total sum of the plane
areas of the convexities of the Si particles protruding from
the surface of Al-based alloy layer 1 is equal to or less
than 10% of the plane area of overlay 3.

[0053] It was further found that the slide member of
the present invention provides the following advantages
when overlay 3 is made of Bi.

[0054] Biis easily oxidated and the resulting oxide film
readily breaks away or is delaminated from the underly-
ing structure on which itis formed. FIG.3A shows overlay
3 immediately after its formation. FIG.3B shows overlay
3 after use in an engine exposed to high temperature.
As can be seen in FIG.3B, an oxide film (bismuth oxide)
3a is formed on the surface of overlay 3. FIG.3C shows
oxide film 3a residing on the convexities being peeled by
friction with the counterpart slide member, whereas on
the concavities between the convexities, in other words,
the oil retention area, oxide film 3a is naturally removed
by deformation of overlay 3 by variable load etc., such
that the height of the convexities return to their original
height t;5 as shown in FIG. 3D. The removal of oxide film
3a reproduces concavities (lubricant oil retention area)
which are substantially identical in depth to the original.
[0055] Overlay 3, being contoured, supports the coun-
terpart slide member with its convexities. The wear of the
convexities may be accelerated through provision of
such support. Still, the above described configuration
prevents height tg; from being lowered from its original
height and thus, prevents reduction in lubricant oil reten-
tion, and moreover, actively prevents overlay 3 from los-
ing its lubricant oil retention capabilities.

[0056] Inthe presentinvention, concavities comprising
planar surfaces are defined between the convexities. The
planar surfaces may have recesses created by lost Si
particles etc. In such case, intermediate layer 2 and over
layer 3 will also be recessed so as to conform with Al-
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based alloy layer 1 but such irregularity is acceptable.
[0057] The foregoing description and drawings are
merely illustrative of the principles of the present inven-
tion and are not to be construed in a limited sense. Var-
ious changes and modifications will become apparent to
those of ordinary skill in the art.

Claims
1. A slide member (4) comprising:

an Al-based alloy layer(1) including Si and hav-
ing a first contoured surface comprising first pla-
nar surfaces and first convexities consisting of
Si particles protruding from the first planar sur-
faces;

anintermediate layer (2) that coats the Al-based
alloy layer;

an overlay (3) that coats the intermediate layer;
wherein 90% or more of the Si particles protrud-
ing from the first planar surfaces are configured
to have a predetermined particle diameter of 2
wm or less, the Si particles having the predeter-
mined particle diameter being distributed in the
Al-based alloy layer with a distance between
centers of gravity of the Si particles having the
predetermined particle diameter averaging 6
pm or less, and

wherein the overlay has a second contoured
surface comprising second planar surfaces and
second convexities conforming with the first
convexities of the first contoured surface, and
wherein the distance between the centres of
gravity of the Si particles having the predeter-
mined particle diameter is 2 to 5 times an aver-
age particle diameter of the Si particles having
the predetermined particle diameter, and a
height of the second convexities from the sec-
ond planar surfaceis 0.6 to 1 times a height from
the first planar surface of the Si particles having
the predetermined particle diameter.

2. The slide member according to claim 1, wherein an
average height from the first planar surface of Si par-
ticles having the predetermined particle diameter is
0.1to0 1.0 wm and an average height from the second
planar surface of the second convexities is 0.08 to
1.0pm.

3. The slide member according to one of claims 1 or 2,
wherein a height from the first planar surface of the
Si particles having the predetermined particle diam-
eteris 0.5 times or less_a particle diameter of the Si
particles from the first planar surface.

4. The slide member according to one of claims 1 to 3,
wherein a length of each of the second planar sur-
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face is greater than alength of each of the first planar
surface with which each of the second planar surface
conforms.

The slide member according to one of claims 1 to 4,
wherein total plane area of the first convexities is 2
to 10% of plane area of the Al-based alloy layer.

The slide member according to one of claims 1 to 5,
wherein the intermediate layer is 0.5 to 5 um thick,
and the overlay is 2 to 10 wm thick.

The slide member according to one of claims 1 to 6,
wherein the Al-based alloy layer comprises 1 to 10
mass% of Zn, 3 to 8 mass% of Si, balance of Al and
unavoidable impurities, and

wherein the intermediate layer comprises one of Ag.
Agalloy, Cu and Cu alloy, and the overlay comprises
one of Bi and Bi alloy.

The slide member according to one of claims 1 to 6,
wherein the Al-based alloy layer comprises 1 to 10
mass% of Zn, 3 to 8 mass% of Si, 0.1 to 5 mass%
of Cu, 0.05 to 3 mass% of Mg, balance of Al, and
unavoidable impurities, and

wherein the intermediate layer comprises one of Ag,
Ag alloy, Cu and Cu alloy, and the overlay comprises
one of Bi and Bi alloy.

Patentanspriiche

Gleitelement (4), umfassend:

eine Al-basierte Legierungsschicht (1), die Si
umfasst und eine erste Profilflache aufweist,
umfassend erste planare Flachen und erste
Konvexitaten, bestehend aus Si-Teilchen, die
von den ersten planaren Flachen hervorstehen;
eine Zwischenschicht (2), die die Al-basierte Le-
gierungsschicht bedeckt;

eine Deckschicht (3), die die Zwischenschicht
bedeckt;

wobei 90 % oder mehr der Si-Tcilchen, die von
den ersten planaren Flachen hervorstehen,
ausgestaltet sind, einen vorbestimmten Teil-
chendurchmesser von 2 um oder weniger auf-
zuweisen, wobei die Si-Teilchen, die den vorbe-
stimmten Teilchendurchmesser aufweisen, in
der Al-basierten Legierungsschicht verteilt sind,
wobei der Abstand zwischen Schwerpunkten
der Si-Teilclien, die den vorbestimmten Teil-
chendurchmesser aufweisen, im Durchschnitt 6
wm oder weniger betragt, und

wobei die Deckschicht eine zweite Profilflache
aufweist, umfassend zweite planare Flachen
und zweite Konvexitaten, die mit den ersten
Konvexitaten der ersten Profilflache Uberein-
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stimmen, und

wobei der Abstand zwischen den Schwerpunk-
ten der Si-Teilchen, die den vorbestimmten Teil-
chendurchmesser aufweisen, das Zwei-bis
Funffache eines durchschnittlichen Teilchen-
durchmessers der Si-Teilchen betragt, die den
vorbestimmten Teilchendurchmesser aufwei-
sen, und eine HOhe der zweiten Konvexitaten
von der zweiten planaren Flache das 0,6-Fache
bis 1-Fache einer Hohe von der ersten planaren
Flache der Si-Teilchen betragt, die den vorbe-
stimmten Teilchendurchmesser aufweisen.

Gleitelement nach Anspruch 1, wobei eine durch-
schnittliche Héhe von der ersten planaren Flache
von Si-Teilchen, die den vorbestimmten Teilchen-
durchmesser aufweisen, 0,1 bis 1,0 um betragt und
eine durchschnittliche H6he von der zweiten plana-
ren Flache der zweiten Konvexitaten 0,08 bis 1,0 um
betragt.

Gleitelement nach einem der Anspriche 1 oder 2,
wobei eine Hohe von der ersten planaren Flache der
Si-Teilchen, die den vorbestimmten Teilchendurch-
messer aufweisen, das 0,5-Fache oder weniger ei-
nes Teilchendurchmessers der Si-Teilchen von der
ersten planaren Flache betragt.

Gleitelement nach einem der Anspriiche 1 bis 3, wo-
bei eine Lénge jeder zweiten planaren Flache groRRer
ist, als eine Lénge jeder ersten planaren Flache, mit
der jede zweite planare Flache tbereinstimmt.

Gleitelement nach einem der Anspriiche 1 bis 4, wo-
bei der gesamte ebene Bereich der ersten Konvexi-
taten 2 bis 10 % des ebenen Bereichs der Al-bas-
zerten Legierungsschicht betragt.

Gleitelement nach einem der Anspriiche 1 bis 5, wo-
bei die Zwischenschicht 0,5 bis 5 wm dick ist, und
die Deckschicht 2 bis 10 wm dick ist.

Gleitelement nach einem der Anspriiche 1 bis 6, wo-
bei die Al-basierte Legierungsschicht 1 bis 10 Mas-
seprozent Zn, 3 bis 8 Masseprozent Si, Rest Al und
unvermeidbare Unreinheiten umfasst, und

wobei die Zwischenschicht entweder Ag, Ag-Legie-
rung, Cu oder Cu-Legierung, und die Deckschicht
entweder Bi oder Bi-Legierung umfasst.

Gleitelement nach einem der Anspriiche 1 bis 6, wo-
bei die Al-basierte Legierungsschicht 1 bis 10 Mas-
seprozent Zn, 3 bis 8 Masseprozent Si, 0,1 bis 5
Masseprozent Cu, 0,05 bis 3 Masseprozent Mg,
Rest Al und unvermeidbare Unreinheiten umfasst,
und

wobei die Zwischenschicht entweder Ag, Ag-Legie-
rung, Cu oder Cu-Legiermrg, und die Deckschicht
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entweder Bi oder Bi-Legierung umfasst.

Revendications

1.

Elément de glissiére (4) comprenant :

une couche en alliage a base d’Al (1) contenant
du Si et ayant une premiére surface profilée
comprenant des premiéres surfaces planes et
des premieres convexités constituées de parti-
cules de Si faisant saillie a partir des premiéres
surfaces planes ;

une couche intermédiaire (2) quirevétla couche
en alliage a base d’Al ;

une couche de recouvrement (3) qui revét la
couche intermédiaire ;

dans lequel 90 % ou plus des particules de Si
faisant saillie a partir des premiéres surfaces
planes sont configurées de maniére a avoir une
granulométrie prédéterminée de 2 um ou moins,
les particules de Si ayant la granulométrie pré-
déterminée étant distribuées dans la couche en
alliage a base d’Al avec une distance entre les
centres de gravité des particules de Si ayant la
granulométrie prédéterminée en moyenne de 6
pm ou moins, et

dans lequel la couche de recouvrement a une
deuxieme surface profilée comprenant des
deuxiemes surfaces planes et des deuxiémes
convexités se conformant aux premiéres con-
vexités de la premiére surface profilée, et
dans lequel la distance entre les centres de gra-
vité des particules de Si ayant la granulométrie
prédéterminée est de 2 a 5 fois la granulométrie
moyenne des particules de Si ayant la granulo-
métrie prédéterminée, et la hauteur des deuxié-
me convexités a partir de la deuxiéme surface
plane est de 0,6 a 1 fois la hauteur a partir de
la premiére surface plane des particules de Si
ayant la granulométrie prédéterminée.

Elément de glissiére selon la revendication 1, dans
lequel la hauteur moyenne a partir de la premiéere
surface plane des particules de Si ayant la granulo-
meétrie prédéterminée estde 0,1 a 1,0 um, et la hau-
teur moyenne a partir de la deuxiéme surface plane
des deuxiémes convexités est de 0,08 a 1,0 um.

Elément de glissiére selon I'une des revendications
1 et 2, dans lequel la hauteur a partir de la premiére
surface plane des particules de Si ayant la granulo-
métrie prédéterminée est de 0,5 fois ou moins la gra-
nulométrie des particules de Sia partir de la premiéere
surface plane.

Elément de glissiére selon I'une des revendications
1 a 3, dans lequel la longueur de chacune des

15

20

25

30

35

40

45

50

55

deuxiémes surfaces planes est supérieure a la lon-
gueur de chacune des premiéres surfaces planes a
laquelle se conforme chacune des deuxiémes sur-
faces planes.

Elément de glissiere selon I'une des revendications
1 a 4, dans lequel l'aire plane totale des premiéres
convexités est de 2 a 10 % de I'aire plane de la cou-
che en alliage a base d’Al.

Elément de glissiere selon 'une des revendications
1 a 5, dans lequel la couche intermédiaire a une
épaisseur de 0,5 a 5 pum, et la couche de recouvre-
ment a une épaisseur de 2 a 10 pm.

Elément de glissiere selon I'une des revendications
1 a 6, dans lequel la couche en alliage a base d’Al
comprend de 1a 10 % en masse de Zn,de 3a8 %
enmasse de Si, lereste étantde I'Al etdes impuretés
inévitables, et

dans lequel la couche intermédiaire comprend 'un
parmil’Ag, un alliage d’Ag, le Cu et un alliage de Cu,
et la couche de recouvrement comprend I'un parmi
le Bi et un alliage de Bi.

Elément de glissiére selon I'une des revendications
1 a 6, dans lequel la couche en alliage a base d’Al
comprend de 1a 10 % en masse de Zn,de 3a 8 %
en masse de Si, de 0,1 3 5 % en masse de Cu, de
0,05 a 3 % en masse de Mg, le reste étant de I'Al et
des impuretés inévitables, et

dans lequel la couche intermédiaire comprend 'un
parmil’Ag, un alliage d’Ag, le Cu et un alliage de Cu,
et la couche de recouvrement comprend I'un parmi
le Bi et un alliage de Bi.
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