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BEARING WITH INTEGRATED SEALS

The present invention relates to bearings, more particularly to bearings that enable an engine

to operate with a lower volume flow rate of oil.

BACKGROUND

Internal combustion engines are generally provided with an oil pump which has the capability
of providing a much greater volume flow of oil than is needed under certain engine operating
conditions. High oil pumping capacity is provided to supply the bearings of an engine with
sufficient oil flow and pressure at engine idling speeds. However, when the engine is
operating at normal vehicle operating speeds, only about 10 to 25% of the oil pump’s
potential capacity may be utilised. The need to run oil pumps having greater capacity than is
required for most of the engine’s operating life has several disadvantages including: much
energy being wasted by the pump being physically too large and consuming too much
engine power to drive it; the oil pump being unnecessarily heavy; at higher engine speeds
the pump provides too much oil pressure and the maijority of the oil flow is diverted straight
back into the engine sump via the oil pressure relief overflow valve without ever passing

through the bearings.

The reasons for engines having such large oil pumps is to a significant extent due to the
design of bearings employed in the engines. = As the oil is pumped into the clearance
between the bearing surface and the rotating crankshaft journal, running within the bearing, it
escapes through the axial edges of the clearance, reducing oil pressure within the clearance,
and requiring a substantial flow rate of oil to be pumped into the clearance to maintain the oil

pressure within the clearance.

US20060263000 describes a bearing in which seals are supported within grooves in a
bearing shell such that they are pressed against a crankshaft by a spring or oil pressure.
Disadvantageously, such an arrangement is complex and expensive to manufacture and
assemble, and requires a large inventory stock of parts by suppliers and customers. Further,
such an arrangement is sizable and substantially reduces the useable surface area of the
bearing surface that mates to the crankshaft, with increased localised wear reducing

component lifetime and reliability.

CONFIRMATION COPY
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US201000544639 describes a bearing in which a galvanic or sputtered coating is provided
across the entire bearing surface, and has wide circumferential seals formed either by
profiling the coating or by profiling the underlying layer onto which the coating is deposited.
Disadvantageously, such a metallic tri-layer structure is complex to manufacture. Further, it
is relatively inflexible and does not provide reliable sealing that compensates for
manufacturing variances and misalignment between the crankshaft journal and the bearing.

BRIEF SUMMARY OF THE DISCLOSURE

According to a first aspect of the invention, there is provided a half bearing comprising a
bearing member having at least an internal bearing lining layer with an optional bearing
overlay layer defining a concave inner face extending between first and second axial ends of
.the half bearing, wherein the concave inner face comprises a concave substantially semi-
cylindrical bearing surface and at least first and second micro-profiled seal regions that each
comprise a plurality of seal ridges, wherein the first and second micro-profiled seal regions
are at or adjacent to the first and second axial ends, and peaks of the seal ridges project
above the concave bearing surface and the micro-profiled seal regions extend at least

partially circumferentially across the concave inner face.

According to a second aspect of the invention, there is provided a 360° engine bearing
assembly comprising a first half bearing comprising a bearing member having at least an
internal bearing lining layer with an optional bearing overlay layer defining a concave inner
face extending between first and second axial ends of the half bearing, wherein the concave
inner face comprises a concave substantially semi-cylindrical bearing surface and at least
first and second micro-profiled seal regions that each comprise a plurality of seal ridges,
wherein the first and second micro-profiled seal regions are at or adjacent to the first and
second axial ends, and peaks of the seal ridges project above the concave bearing surface
and the micro-profiled seal regions extend at least partially circumferentially across the
concave inner face, and a second half bearing.

According to a third aspect of the invention, there is provided an internal combustion engine
having a half bearing comprising a bearing member having at least an internal bearing lining
layer with an optional bearing overlay layer defining a concave inner face extending between
first and second axial ends of the half bearing, wherein the concave inner face comprises a
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concave substantially semi-cylindrical bearing surface and at least first and second micro-
profiled seal regions that each comprise a plurality of seal ridges, wherein the first and
second micro-profiled seal regions are at or adjacent to the first and second axial ends, and
peaks of the seal ridges project above the concave bearing surface and the micro-profiled
seal regions extend at least partially circumferentially across the concave inner face.

According to a fourth aspect of the invention, there is provided a method of manufacturing a
half bearing comprising a bearing member having at least an internal bearing lining layer with
an optional bearing overlay layer defining a concave inner face extending between first and
second axial ends of the half bearing, wherein the concave inner face comprises a concave
substantially semi-cylindrical bearing surface and at least first and second micro-profiled seal
regions that each comprise a plurality of seal ridges, wherein the first and second micro-
profiled seal regions are at or adjacent to the first and second axial ends of the inner face,
and peaks of the seal ridges project above the concave bearing surface and the micro-
profiled seal regions extend at least partially circumferentially across the concave inner face.

The peaks of the micro-profiled seal regions are raised above the level of the concave
bearing surface of the half bearing (i.e. closer to the axis of the half bearing), which is hollow
and generally semi-cylindrical. The bearing member may comprise circumferential raised
regions of the inner face, with the micro-profiled seal regions being provided on the raised

regions.

The bearing member has joint faces and the micro-profiled seal regions (and any raised
regions) may extend around substantially the whole of the concave inner face between the
joint faces. The micro-profiled seal regions may project above the bearing surface by a
greater extent in regions at or adjacent the joint faces than in a region spaced front the joint
faces. Alternatively, micro-profiled seal regions (and any raised regions) may extend around
a portion of the concave inner face spaced from the joint faces. In a further alternative, the
micro-profiled seal regions may extend around a portion of the concave inner face

terminating adjacent to the joint faces.

The concave inner face may be provided with at least one further micro-profiled seal region

intermediate the first and second micro-profiled seal regions.



10

15

20

25

30

WO 2012/069191 PCT/EP2011/005904

The seal ridges of each micro-profiled seal region may be arranged without any gaps
between adjacent ridges (i.e. the intervening valley bottom is V-shaped). The micro-profiled
seal regions may comprise a pattern of seal ridges having a repeat period of 100 to 750pm,
and preferably 300 to 700um. The micro-profiled seal regions may comprise a pattern of
seal ridges having a ridge height of 8 to 50um, and preferably 12 to 30um. Each micro-
profiled seal region may have a width of 100 to 2000pm, and preferably 200 to 600pm. '

The pattern of seal ridges of the micro-profiled seal regions may be a repeating pattern of
ridges. Alternatively, the micro-profiled seal regions may each comprise seal ridges having a

monotonic variation in height across the region.

The micro-profiled seal regions may comprise seal ridges with intervening seal valleys, and
bottoms of the seal valleys are level with the bearing surface. The micro-profiled seal
regions may comprise seal ridges with intervening seal valleys, and bottoms of the seal
valleys are above the level of the bearing surface. The micro-profiled seal regions may
comprise seal ridges with intervening seal valleys, and bottoms of the seal valleys having
increasing height above the level of the bearing surface with increasing distance from the

bearing surface.

The bearing surface may be a smooth bearing surface (i.e. provided with a substantially
smooth finish, without any micro-profiling). The bearing surface may be a micro-profiled
bearing surface comprising a micro-profiled bearing surface region having a plurality of
bearing surface ridges, and the peaks of the seal ridges project above the peaks of the
bearing surface ridges. The micro-profiled bearing region may comprise a pattern of bearing
surface ridges having a repeat period of 100 to 750pm, and preferably 200 to 500um. The
micro-profiled bearing regions may comprise a pattern of bearing surface ridges having a
ridge height of 2 to 12um, and preferably 2 to 5um. The pattern of bearing surface ridges of
the micro-profiled bearing region may be a repeating pattern of ridges.

The micro-profiled regions may comprise a repeating pattern of circumferential ridges. The
micro-profiled regions may comprise a repeating pattern of helically arranged ridges.
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An oil supply hole may be provided in the inner face, being located intermediate the first and
second micro-profiled seal regions. An oil distribution groove may be provided in the bearing
surface, being located intermediate the micro-profiled seal regions.

The micro-profiled regions may be formed by machining with a boring tool. The micro-
profiled regions may be formed by tapping using a thread-cutting tapping tool. Alternatively,
the micro-profiled regions may be formed by etching through a lithographic mask. In a
further alternative, the micro-profiled regions may be formed by deposition of a seal micro-
profile layer and lift-off with a lithographic mask. The micro-profiled regions may be formed
in a micro-profile layer deposited on the bearing surface.

The bearing member may have an external backing layer.

In a 360° engine bearing assembly, the first half bearing may be retained in an engine block
main bearing housing, and the second half bearing may be retained in a main bearing cap
housing. The second half bearing may be a plain half bearing. Alternatively, the second half
bearing may be a half bearing having micro-profiled seal regions.

In an internal combustion engine, the second half bearing may be a plain half bearing.
Alternatively, the second half bearing may be a half bearing having micro-profiled seal

regions.

The method may comprise forming circumferential raised regions of the bearing lining layer,

and forming the micro-profiled seal regions on the raised regions.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are further described hereinafter with reference to the
accompanying drawings, in which:

e Figure 1 shows a perspective view of a half bearing according to a first
embodiment of the present invention;

e Figure 2A shows a cross-sectional view of the half bearing of Figure 1;
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e Figure 2B shows a cross-sectional view of a further half bearing of the present
invention;

e Figure 3 shows a side view of the half bearing of Figure 1;

e Figure 4 shows a perspective view of a half bearing according to a second
embodiment of the present invention;

e Figure 5 shows the half bearing of Figures 1 assembled in the engine block
housing of a main bearing together with a plain half bearing installed in the
main bearing cap housing and a crankshaft main bearing journal;

e Figure 6 shows a transverse cross-sectional view through the bearing
assembly of Figure 5;

e Figure 7 shows a cross-sectional view of a half bearing according to a third
embodiment of the present invention;

e Figure 8 shows a cross-sectional view of a half bearing according to a fourth
embodiment of the present invention; and

e Figure 9 shows a cross-sectional view of a half bearing according to a fifth

embodiment of the present invention.

DETAILED DESCRIPTION

Referring now to Figures 1, 2A and 3 of the drawings, where the same features are denoted
by common reference numerals. A first embodiment of a half bearing according to the
present invention is shown at 100. The half bearing 100 is substantially semi-cylindrical,
being in the shape of half of a right cylindrical length of tube that was bisected along its axis.
Figure 2A shows a cross-sectional view through the half bearing 100 of Figure 1, coplanar
with the axis of the half bearing. Figure 3 shows a side view of the half bearing 100 of Figure

1, along the direction of the axis of the half bearing.

The half bearing 100 comprises a bearing member 102 having a strong external backing
layer of steel 104 (but which could be bronze material for example) and an internal bearing
lining layer 106 of a suitable bearing alloy, which may, for example, be aluminium-based or
copper-based, in known manner. The bearing lining layer 106 may be provided with an
overlay coating (not shown) if appropriate, in known manner. The inner face (i.e. the interior
side) of the half bearing 100 has first and second micro-profiled seal regions 108A and 108B,
provided on or as part of the bearing lining layer 106 at or adjacent the first and second axial
ends 110A and 110B of the half bearing 100. The bearing member 102 has a bearing
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surface 112 between the first and second micro-profiled seal regions 108A and 108B. The
bearing member 102 is optionally provided with an oil supply hole 114 connecting to a
circumferential oil distribution groove 116 within the bearing surface 112. The bearing
surface 112 comprises a greater proportion of the inner face of the half bearing 100 than the
micro-profiled seal regions 108A and 108B. The bearing member 102 has joint faces 113A
and 113B, which locate with corresponding joint faces of a further half bearing to form a 360°

bearing assembly.

The first and second micro-profiled seal regions 108A and 108B each comprise a plurality of
substantially circumferential seal ridges that project above (i.e. towards the axis of the half
bearing) the level of the bearing surface 112 of the inner face of the bearing lining layer 106.
The micro-profiled seal regions 108A and 108B are machined from corresponding regions
that project above the bearing surface 112. The seal ridges of each micro-profiled seal
region 108A and 108B form a repeating pattern having a pitch of 300 to 700pm and height of
12 to 30um.

In the embodiment depicted in Figures 1 and 2A, the micro-profiled seal regions 108A and
108B are formed on the half bearing such that the valleys between the ridges of the micro-
profiled seal regions are level with the adjacent bearing surface 112, and the seal ridges
project above the level of the bearing surface (i.e. at least the peaks of the seal ridges are
above the level of the bearing surface). However, in an alternative arrangement, illustrated
in Figure 2B, the bearing member 102’ comprises circumferential raised regions 107’ of the
bearing layer 106’ that are raised above the level of the bearing surface 112’, with the micro-
profiled seal regions 108A’ and 108B’ provided on the raised regions, such that the valley
bottoms between the seal ridges are above the bearing surface (i.e. they are closer to the
axis of the half bearing, e.g. they lie within a cylindrical surface that is concentric with the

bearing surface and having a smaller radius).

In the embodiment depicted in Figure 1, the peaks and valleys of the seal ridges of the
micro-profiled regions 108A and 108B are each in a plane perpendicular to the axis of the
half-cylindrical bearing member. Alternatively, the peaks and valleys may be non-planar.
For example, the peaks of the circumferential ridges of the micro-profiles may define parts of
a helix, centred about the axis of the semi-cylindrical bearing member. Such arrangements
would enable the micro-profiles to be formed by machining the bearing half with a suitable
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boring tool or thread-cutting tapping tool. Conveniently, a pair of corresponding bearing
halves may be connected together, and a common helical pattern of micro-profiles may be
simultaneously tapped into corresponding regions that project above (i.e. towards the axis of)

their bearing surfaces.

Instead of machining the micro-profiled regions, they may be formed by an etching process,
following the deposition of a patterned lithographic mask. For example projecting regions of
the bearing member may be coated with a photosensitive chemical (e.g. a “photoresist”, such
as polymethyl methacrylate - PMMA), exposed to an optical interference pattern and
developed to produce a mask of lines and gaps, the underlying bearing member is etched
through the gaps, chemically or with an ion plasma, and the mask is washed away to leave a

corresponding pattern of ridges and valleys etched into the projecting regions.

In a further alternative, the micro-profiled regions may be formed in a further layer of
material, which has been pattemed by a deposition and lift-off process using a
complementarily patterned lithographic mask. For example, a coating seal material is
deposited over a lithographic mask, such that when the mask is washed away with solvent,
the regions of coating deposited on the mask are ‘lifted-off, leaving behind a patterned
micro-profile, with ridges having been formed in the gaps between lines of the mask.

In further embodiments of the invention like features are identified with like numerals,
incremented by an integer multiple of 100. For example the micro-profiled seal regions 708A
and 708B of Figure 7 correspond with the micro-profiled seal regions 108A and 108B of
Figure 1.

In Figure 1, the micro-profiled seal regions 108A and 108B are shown present along the
entire circumference of the inner face of the half bearing, between the joint faces 113A and
113B. However, alternatively, the micro-profiled seal regions may be provided only along
part of the circumference of the inner face. For example, the micro-profiled regions may be
centrally located along the circumference of the inner face, between the joint faces.
Alternatively, as is illustrated in the second embodiment of half bearing 400 of the present
invention in Figure 4, lengths of the micro-profiled seal regions 408A(i) and 408A(ii) may be
provided, along the circumferences of the concave inner face at or adjacent the axial ends,
ending at the joint faces, with an intervening region of the inner face within which micro-
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profiled seal regions are not provided. In a further alternative, portions of the micro-profiled
seal regions adjacent the joint faces project further above the adjacent bearing surface than

portions spaced from the joint faces.

Such alternative arrangements may be advantageous in the case that the half bearing has a
feature known as joint face crush relief, in which a larger clearance is provided between the
bearing running surface and the co-operating shaft journal surface at the region where the
circumferential ends of two 180° half bearings meet to form a full 360° bearing assembly
about a crankshaft journal. When assembled in a housing, a joint face crush relief region of
a half bearing (i.e. a 180° bearing element) may provide a region of increased clearance,
typically of about 5° to 15°. Accordingly, a 360° bearing assembly in which a crush relief
region is provided at each circumferential end of a pair of half bearings may comprise 20° to
60° of increased clearance. Crush relief regions typically provide a wider path for oil pumped
through the bearings to be expelled back into the sump than the other regions of the
clearance, and accordingly by the provision of micro-profiled seal regions on one or both
bearing halves of a 360° bearing assembly the flow of oil through the crush relief regions

may be reduced.

The operation of the half bearing 400 of the second embodiment is substantially the same as
that of the half bearing 100 of the first embodiment. Accordingly, advantages of the first
embodiment are also provided by the second embodiment.

In Figure 1, two micro-profiled seal regions 108A and 108B are shown, each of which is at an
axial end 110A and 110B of the half bearing 100. However, further micro-profiled seal
regions may be provided in other regions of the inner face, spaced from the axial ends 110A
and 110B, to further control oil flow in operation. For example, third and fourth micro-profiled
seal regions may be provided between the first and second micro-profiled seal regions, for
example with the four micro-profiled seal regions being evenly separated across the inner
face of the half bearing, between the axial ends.

Referring now to Figures 5 and 6, Figure 5 shows an internal combustion engine assembly
comprising a composite 360 bearing assembly, and Figure 6 shows such a composite 360°
bearing assembly, in which identical features to those depicted in Figures 1, 2A and 3 are
identified with the same numerals. The half bearing 100 of the embodiment of Figure 1 and
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a plain second half bearing 120 are assembled into a composite 360° bearing assembly 117,
in which the half bearing 100 is shown installed in the engine block main bearing housing
118 of an internal combustion engine, and a plain second half bearing 120 is shown installed
in the main bearing cap 122 half of the housing. Figure 5 shows a cross-sectional view
coplanar with the axis of rotation of the crankshaft journal rotating within the bearing halves,
and Figure 6 shows a corresponding cross-sectional view of the composite 360° bearing
assembly perpendicular to the axis of rotation of the crank shaft. The plain second half
bearing 120 has a strong external backing layer of steel (but which could be bronze material
for example) and an internal bearing lining layer of a suitable bearing alloy, which may, for
example, be aluminium-based or copper-based in known manner. The plain second half
bearing 120 has joint faces 127A and 127B that locate with joint faces 113A and 113B of the
first half member 100 to form the 360° bearing assembly 117. The plain second half bearing
120 is a conventional bearing and has joint face relief regions (not shown) in the known
manner. The two bearing halves 100 and 120 are assembled about a crankshaft journal 128
having a running surface 130 that co-operates with the inner faces of the two half bearings
100 and 120, and the journal rotates about its axis. There is a clearance 134 provided
between the running surface 130 and the bearing surfaces 112 and 132. The crankshaft has
web portions 135 on the ends of the journal 128 in known manner and the web portions have
big end journals 136 supported thereon. The big end journals 136 support connecting rods
and pistons (both not shown) in known manner. The main bearing housing 118 in the engine
block is provided with an oil gallery 138 to supply oil under pressure from an associated oil
pump (not shown) to the oil supply hole 114 and the oil distribution groove 116.

In operation, the micro-profiled seal regions 108A and 108B co-operate with the running
surface 130 of the rotating crankshaft journal 128. Oil is supplied under pressure from the
engine oil pump to the oil gallery 138 and thence to the oil supply hole 114. The oil
distribution groove 116 receives oil from the oil hole 114, which spreads into the clearance
134 under pressure. Accordingly there is always an oil film in the clearance 134 between the
running surface 130 of the crankshaft journal 128 and the bearing surfaces 112 and 132.
The distribution of the oil within the oil distribution groove 116 is assisted by the viscous drag
of the rotating crankshaft journal 128, the oil spreading axially across throughout the
clearance 134 therefrom. The micro-profiled seal regions 108A and 108B reduce the egress
of oil out from within the clearance 134, reducing flow and maintaining a higher oil pressure

within the clearance.
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Alternatively, the 360° bearing assembly of Figure 6 and the internal combustion engine
assembly of Figure 5 may comprise two half bearings both having micro-profiled seal regions
according to the present invention. Advantageously, such an arrangement may provide
further confinement of oil within the clearance between the bearing halves of the bearing

assembly and the crankshaft journal.

The micro-profiled seal regions are formed having ridges of a narrower bore than required for
operation with a particular crankshaft journal, such that the bearing half provides an
‘adaptive’ seal, in which the peaks of the ridges of the micro-profiled seal regions are worn
away in initial operation of the crankshaft journal. Accordingly, the micro-profiled seal
regions of the half bearing uniquely adapt to manufacturing tolerances and assembly

misalignment of the engine to provide high performance seals.

During use, engines release particulate, particularly metal particulate, into the engine
lubrication oil, which increases engine wear. Bearing surfaces are known to be provided with
a surface layer that is softer than the underlying structure, such that particulate can embed
into the surface and reduce the abrasive effect of free particulate between cooperating
surfaces. The micro-profiled regions of the present invention are able to entrap particulate in
the valleys between ridges of the micro-profiled seal regions, helping to reduce or avoid

seizure of the bearing due to accumulated particulate matter.

Referring now to Figure 7, where a third embodiment of a half bearing 700 according to the
present invention is shown, in cross-sectional view. In this third embodiment, the half
bearing 700 is similar to that of the half bearing 100, and like features have been identified

with like numerals, incremented by 600.

The half bearing comprises a bearing member 702 having a strong external backing layer of
steel 704 (but which could be bronze material for example) and an internal bearing lining
layer 706 of a suitable bearing alloy, which may, for example, be aluminium-based or copper-
based in known manner. The bearing lining layer 706 may be provided with an overlay
coating (not shown) if appropriate in known manner.

In contrast to the half bearing 100 of Figure 1 where the semi-cylindrical bearing surface 112
is substantially smooth, the half bearing 700 of Figure 7 differs in that the bearing surface
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712 of the bearing lining layer 706 is a micro-profiled bearing surface comprising micro-
profiled bearing surface regions 750. The micro-profiled bearing surface regions 750 each
comprise a plurality of substantially circumferential bearing surface ridges having peaks and
intervening valleys. The micro-profiled bearing surface region 750 is machined into the
bearing surface 712 of the bearing lining layer 706. The bearing surface ridges of the micro-
profiled bearing surface region 750 have a smaller height (i.e. in the radial direction between
their successive valleys and peaks) than the seal ridges of the micro-profiled seal regions
708A and 708B, and are preferably less than half the height of the seal ridges. The bearing
surface ridges of the micro-profiled bearing surface region 750 form a repeating pattern
having a pitch of 200 to 500um and height of 2 to 5um. The micro-profiled bearing surface
region 750 may be formed by any of the same methods as the micro-profiled seal regions
708A and 708B.

The peaks of the seal ridges are above the peaks of the bearing surface ridges (i.e. the
radius of the circumferential peaks of the bearing surface ridges of the micro-profiled bearing
surface region 750, with respect to the axis of the substantially semi-cylindrical half bearing
700, is greatel" than the radius of the peaks of the seal ridges of the micro-profiled seal
regions 708A and 708B). Accordingly the peaks of the micro-profiled bearing surface region
750 are separated from a cooperating crankshaft journal by a greater extent than the peaks
of the micro-profiled seal regions 708A and 708B. In Figure 7 the pitches of the ridges of the
micro-profiled bearing regions 750 and the micro-profiled regions 708A and 708B are the
same, although it will be appreciated that alternatively their pitches may be different.

In operation, the micro-profiled bearing regions 750 provide a further reduction in the axial
flow rate of oil within the clearance between the bearing half and the contained rotating
crankshaft journal. Further, the micro-profiled bearing surface region provides improved
hydrodynamic lubrication and an adaptive surface, such that the bearing surface can be worn
to conform to the shape of the bearing journal in localised areas of contact. Advantageously
a micro-profiled bearing surface region provides higher seizure resistance, lower running

temperature and higher load carrying capability.

In contrast to the half bearing 100 of Figure 1, the half bearing 800 of Figure 8 differs in that
the ridges of the micro-profiled seal regions 808A and 808B do not have a uniform height
across the width of each seal region. Rather the heights of the seal ridges of the micro-
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profiled seal regions 808A and 808B increase uniformly away from the bearing surface 812
(i.e. linearly increasing radial ridge height), such that the level of the seal ridge peaks above
the bearing surface increases away from the bearing surface. The maximum height may be
between 8 and 50um in height. The heights of the ridges may taper up from a minimum
height of zero. The bottoms of the valleys between the seal ridges of the micro-profiled seal

regions 808A and 808B are level with the bearing surface 812.

In contrast to the half bearing 800 of Figure 8, the half bearing 900 of Figure 9 differs in that
the bottoms of the valleys of the ridges of the micro-profiled seal regions 908A and 908B are
not level with the bearing surface 912. Rather, the bottoms of the valleys between the ridges
of the micro-profiled seal regions 908A and 908B are successively raised above the level of
the bearing surface 912 away from the bearing surface and towards the axial ends of the half
bearing 900.

The operation of the half bearings 700, 800 and 900 are substantially the same as that of the
half bearing 100 of the first embodiment. Accordingly, advantages of the first embodiment
are also provided by the third, fourth and fifth embodiments.

The formation of a micro-profiled seal region that projects further above the bearing surface
than is required for long-term operation (e.g. the top of the micro-profiled seal region is raised
above the level of the bearing surface), provides a half bearing in which the ridges of the
micro-profiled regions may be worn to size in initial use, in accordance with the particular
dimensions of the crankshaft journal running within the associated bearing assembly.
Accordingly the micro-profiled seal region can advantageously compensate for
manufacturing and assembly tolerances, such as misalignment between the crankshaft
journal and the bearing, since the ridges are worn to shape by the crankshaft journal to
provide a uniquely optimised seal. This simplifies manufacturing, reduces manufacturing

cost.

Further, advantageously the half bearing of the present invention provides wider tolerances
for the bearing member and/or the running crankshaft journal, reducing manufacturing
complexity and cost, reducing risk of seizure, and providing a greater sealing effect over the
operational lifetime of an engine. Yet further, advantageously, wear-inducing patrticulate
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within the lubrication oil can be entrapped within the valleys between the ridges of the micro-

profiled regions, reducing engine wear and prolonging engine operational lifetime.

Advantageously, the half bearing of the present invention is simple and inexpensive to
manufacture. Further, the formation of the micro-profiled seal regions on the bearing
member provides single component half bearings, with the corresponding advantages of
reduced inventory for suppliers, and simplicity of assembly for customers, as well as reduced
cost and improved reliability, compared with prior multi-component half bearings. Further,
having reduced assembly complexity, provides increased assembly yield. Yet, further
advantageously, the present embodiments permit the half bearing to be manufactured from a
bi-layer metal system, being only the metal layers of the external backing layer and the
bearing lining layer, which enables less complex manufacturing than for prior, tri-layer, metal

half bearings.

Advantageously, since the micro-profiled seal regions provide reduced oil flow axially out
from within the clearance between the crankshaft joumnal and the bearing surface, a higher
proportion of the volume of oil flowing into the main bearings is conserved, whilst still
retaining adequate lubrication and pressure, and accordingly, it is possible to utilise a smaller
capacity oil pump, which may also be both physically smaller and lighter.

Advantageously, by selectively providing the bearing half only adjacent the axial ends of the
inner face of the half bearing, with lubricant within the clearance between the bearing surface
and the crankshaft journal, the main, central part of the crankshaft journal runs upon the
bearing surface which is optimised for the purpose with respect to its material composition
and its design, whilst also having the oil retaining advantage of the micro-profiled seal

regions.

The figures provided herein are schematic and not to scale.

Throughout the description and claims of this specification, the words “comprise” and
“contain” and variations of them mean “including but not limited to”, and they are not intended
to (and do not) exclude other moieties, additives, components, integers or steps. Throughout
the description and claims of this specification, the singular encompasses the plural unless
the context otherwise requires. In particular, where the indefinite article is used, the
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specification is to be understood as contemplating plurality as well as singularity, unless the

context requires otherwise.

Features, integers, characteristics, compounds, chemical moieties or groups described in
conjunction with a particular aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, embodiment or example described herein
unless incompatible therewith. All of the features disclosed in this specification (including
any accompanying claims, abstract and drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination, except combinations where at
least some of such features and/or steps are mutually exclusive. The invention is not
restricted to the details of any foregoing embodiments. The invention extends to any novel
one, or any novel combination, of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any novel one, or any novel
combination, of the steps of any method or process so disclosed.

The reader's attention is directed to all papers and documents which are filed concurrently
with or previous to this specification in connection with this application and which are open to
public inspection with this specification, and the contents of all such papers and documents

are incorporated herein by reference.
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CLAIMS

1. A half bearing comprising a bearing member having at least an internal bearing lining
layer with an optional bearing overlay layer defining a concave inner face extending between
first and second axial ends of the half bearing, wherein the concave inner face comprises a
concave substantially semi-cylindrical bearing surface and at least first and second micro-
profiled seal regions that each comprise a plurality of seal ridges, wherein the first and
second micro-profiled seal regions are at or adjacent to the first and second axial ends, and
peaks of the seal ridges project above the concave bearing surface and the micro-profiled
seal regions extend at least partially circumferentially across the concave inner face.

2. A half bearing according to claim 1, wherein the bearing member comprises
circumferential raised regions of the inner face, with the micro-profiled seal regions being

provided on the raised regions.

3. A half bearing according to claims 1 or 2, wherein the bearing member has joint faces
and the micro-profiled seal regions extend around substantially the whole of the concave

inner face between the joint faces.

4, A half bearing according to claim 3, wherein the micro-profiled seal regions project
above the bearing surface by a greater extent in regions at or adjacent the joint faces than in

a region spaced front the joint faces.

5. A half bearing according to claims 1 or 2, wherein the bearing member has joint faces
and the micro-profiled seal regions extend around a portion of the concave inner face spaced

from the joint faces.

6. A half bearing according to claim 1 or 2, wherein the bearing member has joint faces
and the micro-profiled seal regions extend around a portion of the concave inner face

terminating adjacent to the joint faces.

7. A half bearing according to any one preceding claim, wherein the concave inner face
is provided with at least one further micro-profiled seal region intermediate the first and

second micro-profiled seal regions.
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8. A half bearing according to any one preceding claim, wherein the micro-profiled seal
regions comprise a pattern of seal ridges having a repeat period of 100 to 750um.

9. A half bearing according to any one preceding claim, wherein the micro-profiled seal

regions comprise a pattern of seal ridges having a height of 8 to S50um.

10. A half bearing according to any one of claims 1 to 8, wherein the micro-profiled seal

regions each comprise seal ridges having a monotonic variation in height across the region.

11. A half bearing according to claim 10, wherein the seal ridges have a maximum height
of 8 to 50um.

12. A half bearing according to any preceding claim, wherein the micro-profiled seal
regions comprise seal ridges with intervening seal valleys, and bottoms of the seal valleys

are level with the bearing surface.

13. A half bearing according to any of claims 1 to 11, wherein the micro-profiled seal
regions comprise seal ridges with intervening seal valleys, and bottoms of the seal valleys

are above the level of the bearing surface.

14. A half bearing according to any of claims 1 to 11, wherein the micro-profiled seal
regions comprise seal ridges with intervening seal valleys, and bottoms of the seal valleys
having increasing height above the level of the bearing surface with increasing distance from

the bearing surface.

15. A half bearing according to any preceding claim, wherein the bearing surface is a

smooth bearing surface.

16. A half bearing according to any one of claims 1 to 14, wherein the bearing surface is
a micro-profiled bearing surface comprising a micro-profiled bearing surface region having a
plurality of bearing surface ridges, and the peaks of the seal ridges project above peaks of
the bearing surface ridges.
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17. A half bearing according to any one preceding claim, wherein the micro-profiled

regions comprise a repeating pattern of circumferential ridges.

18. A half bearing according to any one preceding claim, wherein the micro-profiled

regions comprise a repeating pattern of helically arranged ridges.

19. A half bearing according to any one preceding claim, wherein an oil supply hole is
provided in the inner face, being located intermediate the first and second micro-profiled seal

regions.

20. A half bearing according to any preceding claim, wherein an oil distribution groove is
provided in the bearing surface, being located intermediate the first and second micro-

profiled seal regions.

21. A half bearing according to any preceding claim, wherein the micro-profiled regions

are formed by machining with a boring tool.

22. A half bearing according to any one preceding claim, wherein the micro-profiled

regions are formed by tapping using a thread-cutting tapping tool.

23. A half bearing according to any one preceding claim, wherein the micro-profiled

regions are formed by etching through a lithographic mask.

24, A half bearing according to any one preceding claim, wherein the micro-profiled
regions are formed by deposition of a micro-profiled layer and lift-off with a lithographic mask.

25. A half bearing according to any one preceding claim, wherein micro-profiled regions

are formed in a separate layer deposited on the bearing surface.

26. A half bearing according to any one preceding claim, wherein the bearing member

comprises an external backing layer.

27. A 360° engine bearing assembly comprising a first half bearing according to any one

preceding claim and a second half bearing.
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28. A 360° engine bearing assembly according to claim 27, wherein the first half bearing
is retained in an engine block main bearing housing, and the second half bearing is retained

in a main bearing cap housing.

29. A 360° engine bearing assembly according to one of claims 27 or 28, wherein the

second half bearing is a plain half bearing.

30. A 360° engine bearing assembly according to one of claims 27 or 28, wherein the

. second half bearing is a half bearing according to any one of claims 1 to 26.

31. An internal combustion engine having a half bearing according to any one of claims 1
to 26.

32. An internal combustion engine according to claim 31, having a second half bearing,

wherein the second half bearing is a plain half bearing.

33. An internal combustion engine according to claim 31, having a second half bearing

according to any one of claims 1 to 26.

34. A method of manufacturing a half bearing comprising a bearing member having at
least an internal bearing lining layer with an optional bearing overlay layer defining a concave
inner face extending between first and second axial ends of the half bearing, wherein the
concave inner face comprises a concave substantially semi-cylindrical bearing surface and at
least first and second micro-profiled seal regions that each comprise a plurality of seal
ridges, wherein the first and second micro-profiled seal regions are at or adjacent to the first
and second axial ends of the inner face, and peaks of the seal ridges project above the
concave bearing surface and the micro-profiled seal regions extend at least partially

circumferentially across the concave inner face.

35. A method according to claim 34, wherein the method comprises forming
circumferential raised regions of the bearing lining layer, and forming micro-profiled seal

regions on the raised regions.
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36. A method according to one of claims 34 and 35, comprising forming the micro-profiles

by machining with a boring tool.

37. A method according to one of claims 34 and 35, comprising forming the micro-profiles

by tapping using a thread-cutting tapping tool.

38. A method according to one of claims 34 and 35, comprising forming the micro-profiles

by etching through a lithographic mask.

39. A method according to one of claims 34 and 36, comprising forming the micro-profiles

by deposition of a micro-profile layer and lift-off with a lithographic mask.

40. A half bearing substantially as hereinbefore described with reference to the

accompanying description and any one of the Figures.

41. A 360° engine bearing assembly substantially as hereinbefore described with

reference to the accompanying description and any one of Figures 5 or 6.

42. A method of manufacturing a half bearing substantially as hereinbefore described

with reference to the accompanying description and any one of the Figures.
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