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(57) ABSTRACT

A sliding bearing for an internal combustion engine; the

sliding bearing having a groove formed substantially cir-
cumierentially on an inner circumierential face of the sliding

bearing; the width of the groove being smaller than 0.6 mm,
and the ratio of the width of the groove to depth of the
oroove being larger than 40.

33 Claims, 5 Drawing Sheets
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SLIDING BEARING FOR AN INTERNAL
COMBUSTION ENGINE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sliding bearing for an
internal combustion engine.

2. Description of the Related Art

In a sliding bearing having a groove formed substantially
circumferentially on an inner circumierential face of the
sliding bearing; a sliding bearing in which a ratio R(=B/H)
of a width B of the groove to a depth H of the groove 1s equal
to or larger than 1500/(1500-D) is known (Japanese Exam-
ined Patent Publication No. 63-11530). Where D mm 1is an

inner diameter of the sliding bearing.

In this sliding bearing, when the inner diameter D of the
sliding bearing 1s for example 70 mm, the ratio R 1s equal to
or larger than 1.05. Namely, 1n this case, the ratio R 1s very
small and 1n this case, the width B of the groove 1is
substantially equal to the depth H of the groove. When the
rat1o R 1s too small, a problem arises in that a top portion of
the groove wears easily and thus the wear resistance of the
sliding bearing deteriorates.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a sliding
bearing with improved wear resistance.

According to the present invention, there i1s provided a
sliding bearing for an internal combustion engine; the slid-
ing bearing having a groove formed substantially circum-
ferentially on an inner circumferential face of the sliding
bearing; the width of the groove being smaller than 0.6 mm,
and the ratio of said width of the groove to depth of the
ogroove being larger than 40.

The present invention may be more fully understood from
the description of the preferred embodiment of the invention
set forth below, together with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 1s an enlarged sectional view of a shiding bearing

according to a first embodiment of the present invention
taken along the line I—I 1 FIG. 3;

FIG. 2 1s a perspective view of a lower half of a bearing,
for a crank shaft;

FIG. 3 1s an expanded plan view of the bearing 1n FIG. 2;

FIG. 4 1s an experimental relationship between wear
resistance of the bearing and the ratio R of the width to the
depth;

FIG. 5 1s an experimental relationship between the width
of the groove and an amount of wear of the bearing; and

FIG. 6 1s an enlarged sectional view of a sliding bearing,
according to a second embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A first embodiment of the present invention 1s now
described.
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FIG. 2 1s a perspective view of a lower half of a bearing
for a crank shaft of an internal combustion engine. Referring
to FIG. 2, a spiral groove 2 1s formed substantially circum-
ferentially on an 1inner circumferential face of the bearing 1.

FIG. 3 1s an expanded plan view of the bearing 1 1n FIG.
2. Retferring to FIG. 3, the groove 2 1s formed at 1" 1n a
rotational direction R of the crank shaft (not shown).

FIG. 1 1s an enlarged sectional view taken along a line

[—I in FIG. 3. Referring to FIG. 1, a kelmet (an alloy of
copper and lead) layer, 4 as a bearing metal is formed on
bearing body 3 made of JIS SPCC steel. The thickness of the
bearing body 3 1s about 2 mm and the thickness of the kelmet
layer 4 1s about 0.15-0.30 mm. Grooves 2a are formed on
the bearing surface (upper surface in FIG. 1) of the kelmet
layer 4 by boring. The sectional shape of groove 2a 1s an arc.
A width B of the groove 2a 1s equal to 0.261-0.30 mm and
the depth H of the groove 2a i1s equal to 3-6 wum.
Accordingly, the ratio R of the width B of the groove 2a to
the depth H of groove 2a 1s equal to 43.5-100.

A nickel plating layer 5 1s formed on the upper surface of
the kelment layer 4. The thickness of the nickel plating layer
5 1s 1-3 um. On the upper surface of the nickel plating layer
§, alead alloy (Pb-Sn-In alloy) plating layer 6 is formed. The
thickness of the lead alloy plating layer 6 1s 12-20 um.
Since, the thickness of the nickel plating layer 5 and the
thickness of the lead alloy plating layer 6 are substantially
constant, grooves 2 similar to the grooves 2a formed on the
upper surface of the kelmet layer 4 are formed on the upper
surface of the lead alloy plating layer 6.

Table 1 shows an experimental relationship between wear
resistance of the bearing and the width B of the groove 2a
or the depth H of the groove 2a. The values in the table
indicate the ratio R of the width B to the depth H. Also, in
table 1, A represents a wear similar to the wear of a bearing
without grooves 2, o represents wear less than the wear of
a bearing without grooves 2, and © represents wear con-
siderably less than wear of a bearing without grooves 2.

Note, the diameter of a crank shaft that 1s used for this
experiment 1s 67 mm.

TABLE 1
DEPTH

WIDTH 2.5u 3.5u 4.5u 5.5u
0.15 mm R = 60 43 33 27
A

0.20 mm 80 57 44 36
© © © A

0.25 mm 100 71 56 45
© O © A

0.30 mm 120 86 67 55

o © © o

FIG. 4 illustrates the relationship 1n table 1. In FIG. 4, the
horizontal axis represents the ratio R of the width B to the
depth H and the vertical axis represents an wear state.
Referring to FIG. 4, when the ratio R 1s larger than approxi-
mately 40, the state of wear improves. That 1s, by making the
ratio R larger than approximately 40, wear resistance can be
improved compared to a bearing without a groove.

As mentioned above; according to the first embodiment,
since the ratio R 1s made large, the top portion of the groove
2 hardly wears, and thus, the wear resistance of the bearing
can be 1mproved.

FIG. § shows an experimental relationship between the
width of the groove and the amount of wear of the bearing.
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Referring to FIG. §, as the width of the groove becomes
larger, the amount of wear becomes smaller. When the width
of the groove becomes 0.6 mm, the amount of wear
increases and becomes substantially equal to the amount of
wear 1n which the width of the groove 1s 0, 1.e., the groove
1s not formed. Accordingly, when the width of the groove 1s
smaller than 0.6 mm, the amount of wear becomes smaller
than a bearing without the groove.

Note, when the ratio R 1s larger than 200, and since
cutting resistance increases, cutting 1s difficult. Therefore,

the ratio R should be smaller than 200.

A second embodiment of the present invention i1s now
described.

FIG. 6 illustrates a bearing according to the second
embodiment of the present invention, and corresponds to
FIG. 1. Referring to FIG. 6, an aluminum alloy (for example,
Al-Sn-Cu) layer 10 as a bearing metal is formed on the

bearing body 3 made of JIS SPCC steel. The thickness of the
aluminum alloy layer 10 1s 0.15—0.30 mm. Grooves 2a are
formed on the bearing surface (upper surface in FIG. 6) of
the aluminum alloy layer 10 similar to the first embodiment.

The width B of the groove 2a 15 0.36—0.40 mm and a depth
H of the groove 2a 1s 1.5-2.5 um. Accordingly, the ratio of
the width B of the groove 2a to the depth of the groove 2a
1s 144-267.

A nickel plating layer 5 1s formed on the upper surface of
the aluminum alloy layer 10. The thickness of the nickel
plating layer 5§ 1s 0.1-2.0 yum and 1s thinner than that in the
first embodiment. On the upper surface of the nickel plating
layer 5, a lead alloy (Pb-Sn-In alloy) plating layer 6 is
formed. The thickness of the lead alloy plating layer 6 1is
12-20 um. On the upper surface of the lead alloy plating
layer 6, the grooves 2 are formed similar to the {irst
embodiment.

As 1m the first embodiment, when kelmet 1s used as a
bearing metal, and since tin 1n the lead alloy plating layer 6
diffuses mto the kelmet layer 4, the nickel plating layer 5 as
a barrier layer needs to be thick. However, when the nickel
plating layer 5 1s thickened, and since tin 1n the lead alloy
plating layer 6 combines with nickel 1n the nickel plating
layer 5, the amount of tin 1n the lead alloy plating layer 6 1s
reduced and therefore lead corrosion occurs. The lead cor-
rosion 1s promoted as surface stress on the bearing increases.
Therefore, 1n the first embodiment, the surface stress on the
bearing cannot be increased.

In the second embodiment, since the aluminum alloy
layer 1s used as a bearing metal, tin in the lead alloy plating
layer 6 barely diffuses mto the aluminum alloy layer 10.
Therefore the nickel plating layer § does not need to be
thickened and serves as a bonding layer for bonding the
aluminum alloy layer 10 and the lead alloy plating layer 6.
Accordingly, tin 1n the lead alloy plating layer 6 barely
combines with nickel 1n the nickel plating layer 5, and thus
lead corrosion barely occurs. As a result, permissible surface
stress on the bearing can be increased.

When lead corrosion does not occur, the maximum
amount of wear of the crank shaft bearing 1s less than 10 ¢m
during the life period of the internal combustion engine. In
the second embodiment, since lead corrosion barely occurs
and the thickness of the lead alloy plating layer 6 1s suflicient
for example, 12-20 um, the lead alloy plating layer 6 does
not wear out and thus the aluminum alloy layer 10 1s not
exposed. Since the permissible surface stress of the alumi-
num alloy layer 10 i1s lower than the permissible surface
stress of the lead alloy plating layer 6, when the aluminum
alloy layer 10 1s exposed, the permissible surface stress of
the bearing 1s lower.
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In this embodiment, as mentioned above, since the thick-
ness of the lead alloy plating layer 6 1s sufficiently thick, the
aluminum alloy layer 10 1s not exposed during the life period
of the internal combustion engine. Therefore the permissible
surface stress of the bearing can be maintained at a high
level.

For example, if the permissible surface stress of the
bearing to which the second embodiment 1s not applied 1s 40
MPa, the permissible surface stress of the bearing can be
made 50-60 MPa when the second embodiment 1s applied to
the bearing.

Note, an overlay alloy, for example, a lead alloy or tin
alloy can be used instead of the lead alloy plating layer 6.

Although the invention has been described with reference
to specific embodiment chosen for purposes of illustration,
it should be apparent that numerous modifications can be
made thereto without departing from the basic concept and
scope of the invention.

We claim:

1. A shiding bearing for an internal combustion engine;
sald sliding bearing having a groove formed substantially
circumferentially on an inner circumierential face of said
sliding bearing; the width of said groove being smaller than
0.6 mm, a depth of the groove being less than 3 um and the
ratio of said width of said groove to the depth of said groove
being larger than 40.

2. A sliding bearing according to claim 1, wherein said

ratio 1s smaller than 200.

3. A sliding bearing according to claim 1, wherein said
ogroove 1s formed over an entire inner circumierential face of
said sliding bearing.

4. A sliding bearing according to claim 1, wherein said
ogroove 1s a spiral groove.

5. A sliding bearing according to claim 1, wherein said
groove 1s formed at less than 1° to a rotational direction of
a crank shaft.

6. A sliding bearing according to claim 1, wherein kelmet
1s used as a bearing metal, and said groove 1s formed on a
bearing surface of said kelmet.

7. A sliding bearing according to claim 6, wherein a nickel
plating layer 1s formed on said bearing surface of said
kelmet, and a lead alloy plating layer 1s formed on said
nickel plating layer.

8. A shiding bearing according to claim 7, wherein the
thickness of said nickel plating layer 1s 1-3 um.

9. A shiding bearing according to claim 1, wherein an
aluminum alloy 1s used as a bearing metal, and said groove
1s formed on a bearing surface of said aluminum alloy.

10. A sliding bearing according to claim 9, wherein a
nickel plating layer 1s formed on said bearing surface of said
aluminum alloy, and a lead alloy plating layer 1s formed on
said nickel plating layer.

11. A slhiding bearing according to claim 10, wherein a
thickness of said nickel plating layer 1s 0.1-2.0 um.

12. A sliding bearing according to claim 1, wherein the
width of the groove is smaller than about 0.4 mm.

13. A sliding bearing according to claim 12, wherein the
width of the groove is greater than 0.15 mm.

14. A shiding bearing according to claim 1, wherein the
width of the groove is greater than 0.15 mm.

15. A sliding bearing according to claim 1, wherein the
ratio is smaller than 100.

16. A sliding bearing according to claim 1, wherein the
ratio is between 43 and 100.

17. An internal combustion engine including a plurality of
the sliding bearings according to claim 1.

18. A sliding bearing for an internal combustion engine;
the sliding bearing having a groove formed substantially
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ctrcumferentially on an inner circumferential face of the
sliding bearing; the width of the groove being smaller than
0.6 mm, a depth of the groove being in the range from 1.5
um to 2.5 um and the ratio of the width of the groove to the
depth of the groove being larger than 40.

19. A sliding bearing according to claim 18, wherein the
ratio is smaller than 200.

20. A sliding bearing according to claim 18, wherein the
groove 1s formed over an entire inner circumferential face of
the sliding bearing.

21. A sliding bearing according to claim 18, wherein the
groove Is a spiral groove.

22. A sliding bearing according to claim 18, wherein the
groove is formed at less than 1° fo a rotational direction of
a crank shaft.

23. A sliding bearing according to claim 18, wherein
kelmet is used as a bearing metal, and the groove is formed
on a bearing surface of the kelmet.

24. A sliding bearing according to claim 23, wherein a

nickel plating layer is formed on the bearing surface of the 20

kelmet, and a lead alloy plating layer is formed on the nickel
plating layer.

6

25. A sliding bearing according to claim 24, wherein the
thickness of the nickel plating layer is 1-3 um.

20. A sliding bearing according to claim 18, wherein an
aluminum alloy is used as a bearing metal, and the groove
is formed on a bearing surface of the aluminum alloy.

27. A sliding bearing according to claim 26, wherein a
nickel plating layer is formed on the bearing surface of the
aluminum alloy, and a lead alloy plating layer is formed on

the nickel plating layer:
28. A sliding bearing according to claim 27, wherein a

thickness of the nickel plating layer is 0.1-2.0 um.

29. A sliding bearing according to claim 18, wherein the
width of the groove is smaller than about 0.4 mm.

30. A sliding bearing according to claim 29, wherein the
width of the groove is greater than 0.15 mm.

31. A sliding bearing according to claim 18, wherein the
width of the groove is greater than 0.15 mm.

32. A sliding bearing according to claim 18, wherein the
ratio is smaller than 100.

33. An internal combustion engine including a plurality of
the sliding bearings according to claim 18.
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