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(57) Abrégée/Abstract:

A bearing cap that is bolted to a bearing support structure with integral bosses Interfering with counterbores in the structure to
create deformation that enables precise repositioning of the bearing cap to the structure with relatively low Initial pressing and
extraction forces. One of the bosses has two relatively wide lobes and the other boss has 4-10 lobes, with the lobes on each boss
diametrically opposed from one another. The bosses on both lobes can be oriented so that none of them are on the lateral axis of
the bearing cap through the bolt holes. Interference on the effective diameter between the bosses and the counterbores is within

the range of 25 - 300 microns. The bosses can be formed with a compound radius that reduces the width of contact toward or to
ine contact at the base of the boss.
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(57) Abstract: A bearing cap
that is bolted to a bearing support
structure  with integral bosses
interfering with counterbores in
the structure to create deformation
that enables precise repositioning
of the bearing cap to the structure
with relatively low initial pressing
and extraction forces. One of the
bosses has two relatively wide
lobes and the other boss has 4-10
lobes, with the lobes on each boss
diametrically opposed from one
another. The bosses on both lobes
can be oriented so that none of
them are on the lateral axis of
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the bearing cap through the bolt
holes. Interference on the effective
diameter between the bosses and
the counterbores is within the range

of 25 - 300 microns. The bosses

23

can be formed with a compound radius that reduces the width of contact toward or to line contact at the base of the boss.
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PRECISION LOCATION AND LOW FORCE REPOSITIONING
OF POWDER METAL COMPONENTS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This claims the benefit of U.S. Provisional Patent Application No. 60/756,713

filed January 6, 2006.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] Not applicable.
FIELD OF THE INVENTION

[0003] This invention relates to powder metal components, and in particular to bearing
caps like main bearing caps, connecting rod and other bolt on caps that define approximately half
of a circle in which a bearing is received, as are common in applications like engines and other
machines. In particular, this invention relates to a sintered powder metal bearing cap hax}ing
bosses that protrude around the bolt holes of the cap and extend into a counterbore in the
structure to which the cap is assembled.

BACKGROUND OF THE INVENTION

[0004] US Patent No. 6,086,258 describes a precisely repositionable bearing cap having
bosses that extend from feet of the bearing cap into counterbores of the structgre to which the
bearing cap is assembled. The bearing cap is first pressed with the bosses extending into the
counterbores, with deformation occurring between the bosses and the counterbores. The bearing
cap and structure are then machined in the area of the bearing hole they together form and then
are separated to permmt assembling the bearing and the shaft that is journaled by the bearing.
Then, the bearing cap is reassembled to the structure, with the deformations caused by pressing.

the bearing cap into the structure assuring that the bearing cap and structure are mated up to one

another 1n precisely the same position in which they were machined.
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[0005] Patent 6,086,258 discloses a number of differc;:nt structures of ‘1he boss, including
a boss with an outer circular surface, with narrow ribs or splines or triangular ribs spaced about
the periphery of the boss. These structures, when pressed into the counterbores of the foundation
or assembly structure, can require a large force to press the bearing cap into the receiving
structure, and, after machining, another large force to separate the two parts. The forces can be
so great as to make manufacture impractical or to reduce the chances of precise reassembly when.

the two parts are put back together after machining. Accordingly, improvements to bearing caps

with re-assembly positioning bosses are needed.
SUMMARY OF THE INVENTION

[0006] The invention provides a bearing cap of the type that is bolted to a bearing
support structure so as to define a bearing bore between the cap and the structure and in which
bolt holes for securing the cap to the structure extend through feet of the cap and into the
structure. The cap has at least two of the feet, one of the feet on each side of the bore with at
least one bolt hole extending through each foot. The cap is sintered powder metal and has an
integral boss protruding from each foot around the bolt hole in the foot. In the invention, each
boss has multiple lobes extending radially from an exterior surface of the boss, with one of the
bosses having two of the lobes and the other of the bosses having more than two of the lobes.
This configuration facilitates a lower force 1nitial insertion of the bosses into the counterbores
and subsequent extraction.

[0007] In a preferred form, the two lobes on the one boss are 180° apart and are oriented
such that they are intersected by a plane that is parallel to a longitudinal axis of the bearing bore.
As such, the two lobes function to locate the foot on which they are placed relative to the

counterbore, but permit a greater range of possible spacings of the foot from the other foot to

ease the manufacturing tolerances that are applicable to the bearing cap.

.
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[0008] In addition, 1n this aspect, the four or more lobes on the other boss can be
positioned at 45 degrees to further ease the manufacturing tolerances on the center to center
distances of bosses of the bearing cap and the counterbores in the support structure. In addition,
when positioned at 45 degrees, the lobes are pressed into the counterbores at thicker sections of
the support structure so the cap fit into the counterbores is tighter. Also in this position, no lobe
1s 1n hine with an o1l groove in the bearing bore of the cap.

J0009] In another aspect, the interference fit between the boss and the counterbore is in
the range of 25 to 300 microns. This range of interference fit is most preferable to provide

reasonable insertion and extraction forces.

[0010] In another aspect, in a beanng cap having bosses that are pressed into

counterbores of an assembly structure or foundation, neither lobe should have more than 10
bosses on it, and preferably there should be two on one, and four to ten on the other. In
combination with this aspect, it i1s preferable that each lobe extend circumferentially for 10 to
30°. It 1s also preferred that each lobe taper from 5 to 25°. Typically the counterbore hole will
not taper but will have a straight cut side wall.

[0011] In another aspect, each lobe can be provided with a compound radius that reduces
the contact area between the lobe and the counterbore to line contact that decreases in width as
the boss 1s pressed further into the counterbore. At the free end, the lobe can have a relatively
large radius that decreases as the base of the lobe is approached.

[0012] These and other objects and advantages of the invention will be apparent from the

detailed description and drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1 1s a side plan view of a bearing cap incorporating the invention;

[0014] Fig. 2 1s a side plan fragmentary view of an assembly structure having bolt holes
and counterbores around the bolt holes for receiving the bosses of the bearing cap of Fig. 1;

[0015] Fig. 3 is an end plan view of the bearing cap of Fig. 1;

[0016] Fig. 4 15 a detail end plan view shown fragmentary of the right foot of Fig. 3;

[0017] Fig. 5 is a detail end plan view of the left foot of Fig. 3;

[0018] Fig. 6 1s a side plan detail view of the left foot of Fig. 5;

[0019] Fig. 7 1s a cross-sectional view through the counterbores and bosses illustrating
how the bosses fit in the counterbores;

[0020] Fig. 8 is a perspective view of a lobe of an alternative shape that goes from being
rounded in shape at its free end to pointed at its base end; and

[0021] Fig. 9 is a view of an alternative 45 degree orientation of a four lobe boss.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0022] Referring to Fig. 1, a bearing cap 10 1s illustrated and Fig. 2 1llustrates a portion
of the support strucﬁlre 20 to which the bearing cap 10 is assembled. Together, the bearing cap
10 and structure 20 define a bearing bore, with bearing bore half 12 in the cap 10 and bearing
bore half 14 in the structure 20. Bore half 12 has an oil groove 13 on one side. Bolt holes 16
and 18 extend through the bearing cap 10 and bolt holes 22 and 24 extend in the structure 20.
The bolt holes 16 and 18 are positioned through feet 26 and 28 of the cap 10 with one of the feet
on each side of the bore half 12. The cap 10 is sintered powder metal and each foot 26 and 28
has a respective boss 30 and 32 extending from its face that faces the structure 20. The boss 30

1S received 1n a counterbore 34 of the structure 20 and boss 32 is received in a counterbore 36 of

the structure 20.



CA 02635263 2008-06-25
WO 2007/0817135 PCT/US2007/000095

[0023] Referring to Figs. 3-6, the boss 30 has four lobes 40, 42, 44 and 46 spaced at 90°
intervals and the boss 32 has two lobes 48 and 50 spaced 180° from one another. In the
embodiment of Figs. 3-6, each of the two bosses has two lobes oriented relative to the bearing
caps such that they are intersected by a plane that is parallel to the longitudinal axis 52 of the
bearing bore 12. For the boss 30, these are the lobes 42 and 46, and for the boss 32 they are the
lobes 48 and 50, which are the only lobes on the boss 32. The other two lobes 44 and 48 on the
boss 30 are intersected by a plane that is perpendicular to the axis 52. There are preferably 4 to
10 lobes on one of the bosses and only two lobes on the other boss. Preferably, the lobes are
located on the bosses so that at each position where there is a lobe, there is another lobe 180°
apart from 1t. This is preferred to make measureﬁent of the effective diameter between the outer
surfaces of the opposing lobes easier.

[0024] Fig. 9 illustrates a further improvement to the orientation of the lobes 42, 44, 46
and 48 on the boss 30. In this embodiment, the four lobes 242, 244, 246 and 248 on boss 230 of
foot 226 have an orientation that i1s rotated 45 degrees from the orientation of the first.
embodiment of Figs. 1-7. Thus, the four lobes 242, 244, 246 and 248 on boss 230 have an
ortentation such that the axes through. them are rotated 435 degrees from the lateral and
longitudinal axes of the bearing cap. The two lobes on the other boss are oriented the same as in
the first embodiment. The four lobes 242, 244, 246 and 248 on the boss 230 in the 45 degree
orientation further ease the manufacturing tolerances on the center to center distances of the
bosses of the bearing cap and the counterbores in the support structure. In addition, when
positioned at 45 degrées, the lobes 242, 244, 246 and 248 are pressed into the counterbores at
thicker sections of the support structure so the cap fit into the counterbores is less dependent on

stresses 1n the support structure. Also in this position, no lobe is in line with the oil groove 213

in the bearinqg bore 212 of the cap.
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[0025] As can be seen, each lobe protrudes slightly radially from the adjacent surface of
- the boss, that is, the adjacent surface is the surface that is between bosses. Only the lobes contact
and interfere with the respective counterbores 34 and 36. Preferably, each lobe has a
circumferential extent such that it subtends an arc of 10 to 30°. In this range, the lobes will
deform the counterbores and/or deform themselves enough to be precisely repositionable without
requiring impractical or excessive forces to initially seat them or extricate them. Also, each lobe
preferably tapers from its base toward the axis of the adjacent bolt hole in an angle range of from
5 to 25°, so that it can enter a counterbore and as it 1s pushed further into the counterbore then

begins to interfere with the counterbore. The adjacent surfaces of the bosses may taper a similar
amount. In addition, as illustrated i Fig. 8, the lobes can be formed so that the outer surface of
the lobe has a compound radius that reduces the contact areca on the lobe with the counterbore to
line contact as the lobe i1s pushed further into the counterbore. As illustrated in Fig. 8, the radius
of the outer surface of the lobe 148 of the boss 130 on foot 126 changes from being rounded at
1ts free end to being pointed at 1ts end near the base of the boss 148.

[0026] So as to have an appropriate force necessary to seat a bearing cap on the assembly
structure and a desirable force to extricate the bearing cap from the structure after machining, it
1s preferred that the interference fit between the bosses and the counterbores is in the range of 25
to 300 microns on the effective diameters. That is to say, that the effective diameter of each boss
is 1n the range of 25 to 300 microns bigger than the diameter of the counterbore in which it fits.
For example, to obtain the effective diameter of the boss, it would typically be equal to 2.5 to 3
millimeters greater than the bolt hole 16 or 18 diameter. The lobes typically stick ont from the
surrounding surfaces of the bosses approximately at least 0.25 millimeters. The height of the
boss 1s typically about 1.0 millimeters. For the counterbore interference on the diameter, the

nominal interference may typically be 150 microns. This is the interference at the base of the

-6-
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boss to yield desirable pressing and extraction forces, while achieving the precise location

benefits of the invention.
|0027] The bearing cap 1s powder metal and could be made by a conventional sintered

powder metal process or by another powder metal process such as powder metal injection
molding. The matenials may vary significantly, depending upon many factors including the
material of the assembly structure 20. If the assembly structure is relatively soft material, such
as cast aluminum or wrought aluminum, generally higher strength powder metal material may be
used. For example, if the assembly structure 20 1s a cast aluminum silicon copper alloy 319 for
example, having an ultimate tensile strength of approximately 34,000 psi and a yield strength of
approximately 19,000 psi, the bearing cap could be of a variety of sintered powder metal
materials at various densities such as FC-0205-40, which has an ultimate tensile strength of
50,000 pst and a yield strength of 45,000 psi at a density of 6.7 grams per cubic centimeter.
Alternatively, a sinter hardened or heat treated powder metal material such as FLC-4608-70HT,
which has an ultimate tensile strength of 80,000 psi could be used. If the assembly structure 20
1s a hard mating material such as cast 1ron, generally any powder metal matenal that has a lower
compressive yield strength either through composition or density may be used. For example, if
the structure 20 1s ductile cast iron 80-55-06 having an ultimate tensile strength of 80,000 psi and
a yield strength of 55,000 psi, the bearing cap could be a powder metal aluminum 2014T6 grade
at a 2.6 grams per cubic centimeter density having an ultimate tensile strength of 48,000 psi and
a yield strength of 46,000 psi or softer. Another mating material for the bearing cap could be a
FC-0205-35 powder metal material at a 6.3 grams per cubic centimeter density having an

ultimate tensile strength and yield strength of 40,000 psi. Many other powder metal materials

could be used for the bearing cap.
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[0028] Preferred embodiments of the invention have been described in considerable
detail. Many modifications and variations to the preferred embodiments described will be
apparent to those of ordinary skill in the art. Therefore, the invention should not be limited to the

embodiments described, but should be defined by the claims which follow.
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I claim:
1. In a bearing cap of the type which is bolted to a bearing support structure so as to

define a bearing bore between said cap and said structure and in which bolt holes for
securing said cap to said structure extend through feet of said cap and into said structure,
said cap having at least two of said feet, one said foot on each side of said bore with at
least one bolt hole extending through each said foot, wherein said cap is sintered powder

metal and has an integral boss protruding from each said foot around the bolt hole in said

foot, the improvement wherein:

cach said boss has multiple lobes extending radially from an exterior surface of
the boss, with one of said bosses having two said lobes and the other of said bosses

having more than two of said lobes.

2. A bearing cap as in claim 1, wherein the lobes on the boss that has two lobes are
130 degrees apart and oriented relative to the bearing cap such that they are intersected

by a plane that 1s parallel to a longitudinal axis of the bearing bore.

3. A bearing cap as in claim 1, further comprising a support structure having holes
with counterbores for receiving the bosses with an interference fit between the boss and

the counterbore, and wherein the interference fit between the bosses and the counterbores

1S in the range of 25 to 300 microns.

4, A bearing cap as in claim 1, wherein the boss that has more than two lobes has a

number of lobes in the range of four to ten lobes.
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25 5. A bearing cap as in claim 1, wherein each lobe subtends an angle of 10-30

degrees having its vertex at the axis of the bolt hole through the foot that the lobe 1s on.

6. A bearing cap as in claim 1, wherein each lobe tapers from 5-25 degrees radié.lly

inwardly in the direction from a base of the boss to a free end of the boss.

30
7. A bearing cap as in claim 1, wherein there is a compound radius on the lobe that
reduces a width of contact between the lobe and the counterbore toward the base of the
lobe.

35 8. A bearing cap as in claim 1, wherein the lobes on both bosses are not aligned with

a lateral axis of the bearing cap.

9. A bearing cap as in claim 1, wherein the lobes on the boss that has two lobes are
180 degrees apart and oriented relative to the bearing cap such that they are intersected

40 by aplane that is parallel to a longitudinal axis of the bearing bore and there are four
lobes on the other boss made up of two pairs of lobes with the lobes of each pair 180
degrees apart such that the lobes of each pair are aligned along a respective axis, and the
pairs of lobes are oriented on the boss such that their axes are 45 degrees to the

longitudinal axis of the bearing bore.
45
10. A bearing cap as in claim 1, wherein there are four lobes on the boss that has

more than two lobes, said four lobes including two pairs of lobes with the lobes of each

~10-
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pair 180 degrees apart such that the lobes of each pair are aligned along a respective axis,

and the pairs of lobes are oriented on the boss such that their axes are 45 degrees to the

50 longitudinal axis of the bearing bore.

11. In a bearing block of the type in which a bearing cap 1s bolted to a bearing support
structure so as to define a bearing bore between said cap and said structure and in which
bolt holes for securing said cap to said structure extend through feet of said cap and into
55  said structure, said cap having at least two of said feet, one said foot on each side of said
bore with a bolt hole extending through each said foot, said cap being sintered powder
metal and having an integral boss protruding from each said foot around the bolt hole in
said foot, said support structure having a counterbore around said bolt hole for receiving
said boss in an interference fit in which said boss and said support structure plastically
60 conform to one another when said boss is seated in said counterbore, the improvement
wherein the largest diametral dimension of the boss 1n any area of the boss in which the
boss interferes with the counterbore 1s 1n the range of 25 to 300 microns larger than the
diametral dimension of the counterbore in the same area prior to pressing the boss into

the counterbore.

65
12. A bearing cap as in claim 11, wherein each of the bosses have two lobes that are
180 degrees apart and oriented relative to the bearing cap such that they are intersected
by a plane that is parallel to a longitudinal axis of the bearing bore.

70  13. A bearing cap as in claim 11 wherein at least one of the bosses has a number of

lobes in the range of four to ten lobes.

-11-
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14. A bearing cap as in claim 13, wherein each lobe subtends an angle of 10-30

degrees having its vertex at the axis of the bolt hole through the foot that the lobe is on.
75

15. A bearing cap as in claim 13, wherein each lobe tapers from 5-25 degrees radially

inwardly 1n the direction from a base of the boss to a free end of the boss.

16. A bearing cap as in claim 13, wherein there is a compound radius on each lobe

0 that reduces a width of contact between the lobe and the counterbore toward the base of

the lobe.

-12-
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