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(57) Abstract: A crankshaft comprising a plurality of main journal bearing surfaces, a plurality of connector rod bearing surfaces,
and at least one oil feed passageway internal to the crankshatt, each of the at least one oil feed passageways communicating with an
inlet and a plurality of outlets located within bearing surfaces, and wherein the inlet is located within a first main journal bearing sur -
face, and at least one of the outlets is located within a further main journal bearing surtace, and an engine and a vehicle comprising
such a crankshaft.



10

15

20

25

30

WO 2012/113565 PCT/EP2012/000804

A CRANKSHAFT

The present invention relates to crankshafts for internal combustion engines, in

particular crankshafts having internal passageways for lubrication oil.
BACKGROUND

The provision of lubrication oil to the main journal bearings and connector rod
bearings of a crankshaft is critical to the operation of internal combustion engines.
As well as lubricating the relative movement of connected components to reduce

wear, oil provides an important cooling function.

Known engines incorporate passageways internal to the engine block through which
oil is pumped into main journal bearings of the crankshaft, and internal passageways
are provided within the crankshaft between main journal bearings and one, or at most
two, adjacent connector rod bearings. The oil flow to the crankshaft bearings is firstly
supplied to the main journal bearings from an oil gallery of the engine bloék, and
thence from the main journal bearing to an adjacent connector rod bearing (big end
bearing). The oil supply to the oil gallery supplying the main bearings is provided by
an oil pump in the engine. Typically the oil is supplied to grooved bearing shells
situated in the engine block, whilst the corresponding bearing shells situated in the
bearing caps are plain, un-grooved bearing shells. The grooved bearing shell halves
are each provided with an oil access hole corresponding in position to the oil supply
passageway from the oil supply gallery and a groove around the inner periphery to
provide oil into the inputs of the crankshaft’s internal passageways to the one or
more adjacent connector rod bearings. Disadvantageously, oil pumps for pumping
oil into the lubrication system are heavy, bulky, and consume a large amount of
energy. Further, the grooved bearing shell that is required at each main journal
bearing leaks more oil than a plain bearing shell, increasing oil flow and the

necessary pumping rate and power consumption of the oil pump.
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JP07027127A discloses crankshaft lubrication arrangements in which main journal
bearings are fed with oil by oil supply passageways internal to the engine block , and
the connector rod bearings are each fed with oil from main journal bearings through

internal passageways of the crankshaft.

In a first arrangement of JP07027127A, an internal oil feed passageway leads from
each of the main journal bearings on either side of each connector rod bearing to the
respective connector rod bearing. One half of each of the main journal bearings has
a semi-cylindrical bearing shell with a semi-cylindrical groove into which oil is
pumped through an internal passageway of the engine block, and from which oil is
fed into an internal passageway to a connector rod bearing. In this arrangement,
alternate main journal bearings alternately have such semi-cylindrical grooves
provided in their upper and lower semi-cylindrical bearing shells, and oil is fed to
each connector rod bearing from the two adjacent main journal bearings during

alternating halves of a complete rotation of the crankshaft.

Disadvantageously, this first arrangement requires every main journal bearing to be
provided with a semi-cylindrical bearing shell with a semi-cylindrical groove. Such
bearing shells are more expensive than plain bearing shells and leak more oil. For
example, in the case of a four cylinder engine according to this design, each of the
five main journal bearings requires to be provided with such a bearing shell. Such
grooved bearing shells may require the provision of several times more oil than a

corresponding plain bearing (e.g. five times more oil).

Further, disadvantageously, this first arrangement requires an oil supply passageway
to each main journal bearing to be provided in the engine block. The provision of
such oil supply passageways in the engine block increases the complexity and
manufacturing cost of the engine block. For example, in the case of a four cylinder
engine according to this design, having five main journal bearings, five oil supply

passageways are required in the engine block.

In a second arrangement of JP07027127A, two internal oil feed passageways lead

from alternate main journal bearings to feed oil to the connector rod bearings. One
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internal passageway leads to each of the connector rod bearings on either side of
each of the oil feeding main journal bearings. Again, each of the oil feeding main
journal bearings has a semi-cylindrical bearing shell with a semi-cylindrical groove
into which oil is pumped through an internal passageways of the engine block.
However, both the oil feeding main journal bearings and those main journal bearings
that do not feed oil into internal passageways of the crankshaft require to be supplied

with oil by oil supply passageways from the oil gallery to provide lubrication.

In this second arrangement, the number of oil feeding main journal bearings is lower
than in the first arrangement. However, disadvantageously, in this second
arrangement, it is still required that approximately half of the main journal bearings
are oil feeding main journal bearings, each of which has a corresponding semi-
cylindrical bearing shell with a semi-cylindrical groove. For example, in a four
cylinder engine, at least two of the five main journal bearings require to be oil feeding
main journal bearings having such a grooved bearing shell, and to be fed through five
oil supply passageways in the engine block. In a further example in an engine
having six cylinders served by a common crankshaft, at least three of the seven main
journal bearings require to be oil feeding main journal bearings having such a

grooved bearing shell, and to have seven oil supply passageways.

Further, disadvantageously, this second arrangement still requires an oil supply
passageway to be provided in the engine block to each main journal bearing (both
the oil feeding main journal bearings and the non-oil feeding main journal bearings).
For example, for a four cylinder engine, an oil supply passageway is required for
each of the five main journal bearings. Similarly, in an engine having six cylinders
served by a common crankshaft, an oil supply passageway is required for each of the

seven main journal bearings.

US7281854B2 discloses an engine lubrication arrangement similar to the second
arrangement of JP07027127A, described above.

Accordingly, a need remains for a crankshaft for an engine lubrication arrangement
having reduced numbers of oil feeding main journal bearings. Further, a need
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remains for a crankshaft for an engine lubrication arrangement requiring a reduced

number of oil supply passageways provided in the engine block.

SUMMARY OF THE DISCLOSURE

According to a first aspect of the present invention, there is provided a crankshaft
comprising:

a plurality of main journal bearing surfaces,

a plurality of connector rod bearing surfaces, and

at least one oil feed passageway internal to the crankshaft,

each of the at least one oil feed passageways communicating with an inlet and
a plurality of outlets located within bearing surfaces, and

wherein the inlet is located within a first main journal bearing surface, and at

least one of the outlets is located within a further main journal bearing surface.

According to a second aspect of the present invention, there is provided a crankshaft
arrangement comprising a crankshaft and bearing shells located in correspondence
with the main journal bearing surfaces, the crankshaft comprising:

a plurality of main journal bearing surfaces,

a plurality of connector rod bearing surfaces, and

at least one oil feed passageway internal to the crankshaft,

each of the at least one oil feed passageways communicating with an inlet and
a plurality of outlets located within bearing surfaces, and

wherein the inlet is located within a first main journal bearing surface, and at
least one of the outlets is located within a further main journal bearing surface, and

wherein the engine has an oil supply passageway in correspondence with the

or each inlet of the crankshaft.

According to a third aspect of the present invention, there is provided an engine
comprising a crankshaft arrangement, an engine block, at least one bearing cap and
an oil tray, wherein the bearing housings are comprised within at least one of the
engine block, the at least one bearing cap and the oil tray, and wherein the

crankshaft arrangement comprises
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a crankshaft and bearing shells located in correspondence with the main journal
bearing surfaces, the crankshaft comprising:

a plurality of main journal bearing surfaces,

a plurality of connector rod bearing surfaces, and

at least one oil feed passageway internal to the crankshaft,

each of the at least one oil feed passageways communicating with an inlet and
a plurality of outlets located within bearing surfaces, and

wherein the inlet is located within a first main journal bearing surface, and at
least one of the outlets is located within a further main journal bearing surface, and

wherein the engine has an oil supply passageway in correspondence with the

or each inlet of the crankshaft.

According to a fourth aspect of the present invéntion, there is provided a vehicle
comprising an engine comprising a crankshaft arrangement, an engine block, at least
one bearing cap and an oil tray, wherein the bearing housings are comprised within
the engine block, the at least one bearing cap and the oil tray, and wherein the
crankshaft arrangement comprises
a crankshaft and bearing shells located in correspondence with the main journal
bearing surfaces, the crankshaft comprising:

a plurality of main journal bearing surfaces,

a plurality of connector rod bearing surfaces, and

at least one oil feed passageway internal to the crankshaft,

each of the at least one oil feed passageways communicating with an inlet and
a plurality of outlets located within bearing surfaces, and

wherein the inlet is located within a first main journal bearing surface, and at
least one of the outlets is located within a further main journal bearing surface, and

wherein the engine has an oil supply passageway in correspondence with the

or each inlet of the crankshaft.

The journal bearing surfaces of the crankshaft are the bearing surfaces of the journal
bearings. The crankshaft has main journal bearings and one or more connector rod

journal bearings, each of which has a bearing surface.
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The provision of an oil feed passageway internal to the crankshaft enables several
bearings to be lubricated by oil provided to a single inlet. In particular, an outlet of
the oil feed passageway may be provided in the bearing surface of a main journal
bearing, such that the main journal bearing can be lubricated by oil fed through the oil
feed passageway. Advantageously, the provision of lubrication to the further main
journal bearing through the oil feed passageway enables that further main journal
bearing to operate without the provision of a separate oil supply passageway to it
within the engine block, bearing cap or oil tray. Such an arrangement reduces the

complexity and cost of the engine block, bearing cap or oil tray.

Further, an oil feed passageway having an inlet within the bearing surface of a first
main journal bearing may provide lubrication to all of the remaining main journal
bearings along the path of the oil feed passageway, such that an oil supply
passageway of the engine block or cylinder head is only required to that main journal
bearing. Such an arrangement further reduces the complexity and cost of the engine

block, bearing cap or oil tray.

Advantageously, the bearing lubrication arrangement corresponding to the crankshaft
of the present invention may require less oil than existing arrangements, thus
enabling the use of smaller and lighter pumps that have a lower maximal pumping
rate (by volume). Plain bearing shells may require the provision of several times less
oil than a prior art grooved bearing shell, for example each of the extra plain bearing
shells may require the provision of only 20% of the oil required by a corresponding

grooved bearing shell.

The inlet may be located within a main journal bearing surface proximal an end of the
crankshaft. The inlet may be located within a main journal bearing surface
substantially centrally located within the plurality of main journal surfaces. The at
least one oil feed passageway may comprise a first inlet and a second inlet located
within a main journal bearing surface. The first and second inlets may be located in

different main journal bearing surfaces.
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The at least one oil feed passageway may comprise a first inlet and a second inlet,
and wherein the first inlet and second inlet communicate with a common oil feed

passageway.
The crankshaft may comprise a first oil feed passageway communicating with a first
inlet, and a second oil feed passageway communicating with a second inlet, the first

and second oil feed passageways being separate.

The plurality of outlets may be located within a plurality of main journal surfaces.

_ The oil feed passageway may be configured to supply oil to an outlet in a first,

connector rod bearing surface that is connected to the oil feed passageway
intermediate an input in the first main journal bearing surface and an output in the

second main journal bearing surface.

The oil feed passageway may be configured to supply oil to an outlet in a second,
connector rod bearing surface that is connected to the oil feed passageway
intermediate the output in the second main journal bearing surface and an output in a

third main journal bearing surface.

In some embodiments, the crankshaft is configured such that the at least one oil feed
passageway is configured to supply oil from in inlet to outlets distributed along the
crankshaft, in series, from the first main journal bearing surface to a first, adjacent,
connector rod bearing surface and then to a second main journal bearing surface
located beyond the first, adjacent connector rod bearing surface further along the
crankshaft. Optionally, the at least one oil feed passageway is configured further to
supply oil to a second connector rod bearing surface beyond the second main journal
bearing surface, and then to a third main journal bearing surface beyond the second

connector rod bearing surface, and so forth.

In these embodiments, the second (and subsequent) main journal bearing surface(s)
need not be provided with a direct external oil feed inlet, since sufficient lubricating oil

will be supplied by way of the oil feed passageway internal to the crankshaft.
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An oil feed passageway may comprise a series of serially arranged sections, each of
which sections is terminated at a bearing surface. Alternatively, or additionally, an oil
feed passageway may comprise a stem passageway from which one or more

branches radiate to bearing surfaces.

In embodiments having first and second oil feed passageways, the first and second
oil feed passageways may both terminate at the same main journal bearing surface,
this bearing surface thus being lubricated by oil flowing in two generally opposed
axial directions along the crankshaft. The oil supply may be sufficient to avoid the
need for a separate, external oil supply to the main journal bearing surface in

question.

The crankshaft arrangement may have a bearing shell in correspondence with the or
each inlet of the crankshaft has an oil supply groove. Advantageously, the oil
supplied through the oil supply passageway passes into and flows around within the

oil supply groove.

A bearing shell in correspondence with the or each inlet may have an oil supply slot.
Advantageously, the oil supplied through the oil supply passageway passes into and
flows around within the oil supply slot. Advantageously, the slot may have a larger
cross-sectional area than an oil supply groove, providing better supply of oil to the
bearing and associated oil feed passageway. Further, the slot may be deeper than
an oil supply groove in a bearing shell, and so may provide a comparable cross-
sectional area with a narrower slot, thereby reducing the amount of the bearing
surface of the bearing shell that is taken up with oil distribution, accordingly reducing

wear in the bearing.

An oil supply channel may be provided in a bearing housing that houses the bearing
shell having the oil supply slot. Advantageously, the oil supplied through the oil
supply passageway passes into and flows around within the oil supply slot of the
bearing shell and the corresponding oil supply channel of the bearing housing.
Advantageously, the combined slot in the bearing shell and channel in the bearing

housing may have a larger cross-sectional area than an oil supply groove or oil
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supply slot in a bearing shell alone, providing a better supply of oil to the bearing and
associated oil feed passageway. Further, the combined slot and channel may be
deeper, and so may provide a comparable cross-sectional area by means of a
narrower slot, thereby reducing the amount of the bearing surface of the bearing shell
that is taken up with oil distribution, accordingly reducing wear in the bearing. The oil
supply channel may be deeper (radially with respect to the axis of rotation of the

crankshaft) than the thickness of the slotted bearing shell.

Where the oil supply slot in the bearing shell and the oil supply channel in the bearing
housing abut, they may be of substantially equal width. The oil supply channel in the

bearing housing may be straight-sided.

At least part of the oil supply channel may be wider than the slot in the bearing shell.
For example, the oil supply channel in the bearing housing may increase in width
away from the bearing shell. Advantageously this may provide a further enhanced

supply of oil to the bearing.
The crankshaft arrangement may comprise bearing housings and an oil supply
passageway communicating with the inlet is provided within at least one of the

bearing housings.

An oil supply passageway may be provided in correspondence with the or each inlet
of the crankshaft.

An oil supply passageway may not be provided in correspondence with at least two

of the main journal bearings.

The oil supply passageway may be provided in the engine block and/or a bearing

cap.

The engine may comprise an oil pump connected to the inlet.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

Figure 1A shows a crankshaft according to the present invention;

Figure 1B shows a slotted bearing shell;

Figure 1C shows a main bearing having an oil supply channel and a slotted bearing
shell;

Figure 1D shows a side view of the main bearing of Figure 1D.

Figure 1E shows a main bearing having a further oil supply channel and a slotted
bearing shell;

Figure 2A shows a further crankshaft according to the present invention; and

Figure 2B shows grooved bearing shell.

DETAILED DESCRIPTION

In the described embodiments, like features have been identified with like numerals,
albeit in some cases having one or more of: an increment by 100; a suffix letter; and
an apostrophe. For example, in different figures, 102A, 102B, 102, 102’, and 202A

have been used to indicate a main journal bearing section.

Referring now to Figure 1A, 1B and 1C of the drawings. Figure 1A illustrates a
crankshaft 100 according to a first embodiment of the present invention in side view.
The crankshaft 100 has five main journal bearing sections 102A to 102E, four
connector rod bearing sections 104A to 104D, web sections 106, crankshaft end
portions 108A and 108B, and an oil feed passageway 110. Also shown are the
corresponding plain bearing shells 112 and a slotted bearing shell 154 mounted in
the bearing housing 117 (for clarity, only shown in correspondence with the slotted
bearing shell) of the engine block and the bearing housing (not shown) of the cylinder
head, and an oil supply passageway 116 within the engine block bearing housing.
Figure 1B illustrates a slotted bearing shell 154. Figure 1C illustrates the part of
Figure 1A having the slotted bearing shell 154.
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The crankshaft 100 is suited for use within a four cylinder engine, with four connector
rods (not shown) being coupled about the four connector rod bearing sections 104A
to 104D. The main journal bearing sections 102A to 102E are held within the bearing
shells 112 and 154 of the engine block and cylinder head.

It will be understood that other arrangements with different numbers of main journal
and connector rod bearings are possible within the scope of the present invention.
For example, an engine in which six cylinders are served by a common crankshaft

may have six connector rod bearings and seven main journal bearings.

The plain bearing shells 112 are hollow and substantially semi-cylindrical such that
their inner surfaces mate with the bearing surfaces of the main journal bearing
sections 102A to 102E.

The slotted bearing shell 154 differs from a plain bearing shell 112 by the inclusion of
a slot 158. Figure 1B shows a slotted bearing shell 154, which is hollow and
substantially semi-cylindrical such that their inner surfaces mate with the bearing
surfaces of a main journal bearing sections. The slotted bearing shell 154 has a
semi-cylindrical slot 158, which communicates with the oil supply passageway 116 of
the bearing housing 117 in the engine block. Oil supplied through the oil supply
passageway 116 is received into a composite chamber formed between the bearing
housing, the slot and the surface of a main journal bearing section of the crankshaft,
i.e. being formed by the oil supply channel 160 and the slot 158.

In a car engine, the diameter of the main journal bearing sections 102A to 102E may
be about 50 to 70mm. The bearing shell 112 has an axial length of about 16 to
25mm, and a maximal radial thickness of about 2.0 to 4.0mm (modern engines
bearing shells have a thickness of about 2.0 to 2.5mm). The slotted bearing shell
154 is similarly sized to the plain bearing shell 112, with the slot 1568 passing through
the complete radial extend of the bearing shell. The slot 158 may be about 2 to 5mm
in width (axial dimension), and may extend around between about 50 to 90% of the

circumferential extent of the slotted bearing shell 154.
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The oil feed passageway 110 has a series of interconnecting bores formed in the
different sections 102, 104 and 106 of the crankshaft 100. The oil feed passageway
110 has an inlet 122 and nine outlets 124. The inlet 122 and outlets 124 are
distributed serially along the oil feed passageway 110. In the case that the
crankshaft is formed by assembly of separate sections, the bores may conveniently

be straight and bored into the sections before assembly.

In use, the oil enters the inlet 122 at a pressure sufficient to force the oil along the oil

feed passageway 110 and out through the outlets 124.

Optionally the crankshaft 100 has a direction of rotation in use, and the inlet 122 is
shaped to enhance the drawing of oil into the oil feed passageway 110 from the
chamber within the slot 158 and oil supply channel 160, and/or the outlets 124 are
shaped to enhance the drawing oil out of the oil feed passageway 110 into the
bearing gaps between the crankshaft 100 and the plain bearing shells 112 to
lubricate the respective bearings.

Although in Figure 1A two of an inlet 122 or outlet 124 are provided in each of the
main journal bearing sections 102A to 102E, it will be appreciated that alternative
numbers of inlets or outlets may be provided in each main journal bearing section.
For example, the crankshaft may be arranged such that only a single inlet of the oil
feed passageway is provided, being in a first main journal bearing section, and a
single outlet of the oil feed passageway is provided in each of the other main journal

bearing sections.

In Figure 1A the inlet 122 is provided centrally to the oil feed passageway 110, at the
central main journal bearing 102C. This arrangement has the added advantage that
it minimises the maximum distance from a single inlet to the furthest outlet of the oil
feed passageway 110. In an alternative embodiment, the inlet may be provided at a
different main journal bearing, e.g. 102A or 102E, at one end of the oil feed
passageway 110. In the case of a crankshaft with an even number of main bearing
sections (e.g. an engine with an odd number of cylinders), the iniet may be provided

in a bearing surface of the central pair of main journal bearing sections.
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Although the oil supply passageway 116 of Figure 1A is within the engine block, it will
be appreciated that it is within the scope of the present invention for the oil supply

passageway to be provided within the bearing cap and/or oil tray of the engine.

As shown in the bearing arrangement 170 of Figure 1C (a cross-sectional view
coplanar with the axis of rotation of the main journal bearing section 102), in addition
to the slotted bearing shell 154, the engine is provided with an oil supply channel 160
in the bearing housing 117. The oil supply channel 160 comprises a channel in the
face of the bearing housing, which when viewed axially describes a space that is
generally shaped like a portion of an annulus. However, it will be appreciatéd that in
alternative bearing arrangements (not illustrated), the slotted bearing shell 154 may

be used without a corresponding oil supply channel.

Figure 1D shows a cross-sectional view (perpendicular to the axis of rotation of the
main journal bearing section 102) of the bearing arrangement 170 of Figure 1C.
Advantageously, the oil supply channel 160 may provide enhanced oil distribution
with respect to a grooved bearing shell, whilst also being convenient to manufacture,
and without increasing the volume of oil entrained by the lubrication system by a

significant extent.

The oil supply channel 160 may be provided in one or both of the engine block
bearing housing 117 and the cylinder head bearing housing 121. The oil supply
passageway 116 may be provided in one or both of the bearing housings 117 and
121.

The oil supply channel 160 illustrated in Figure 1C is parallel sided, and the same
width (axial extent) as the slot 158 in the slotted bearing shell 154. Alternatively the
oil supply channel may be of a different width to the slot of the slotted bearing shell,
for example being wider than the slot, providing a greater cross-sectional area for the
distribution of oil through the oil supply channel. In a further alternative, the oil supply
channel may have a different cross-sectional shape, that is not parallel sided.



10

15

20

25

30

WO 2012/113565 14 PCT/EP2012/000804

Figure 1E illustrates an alternative bearing arrangement 170, in which at least part of
the oil supply channel 160’ is wider than the width of the oil supply slot 158’. Such
designs further increase the cross-sectional area available for the supply of oil to the
bearing and the oil feed passageway 110, and additionally or alternatively enables a

reduction in the width of the oil supply slot 158 in the bearing shell 154.

Referring now to Figure 2A of the drawings, a second embodiment of a crankshaft
200 according to the present invention is shown in side view. In this embodiment,
the crankshaft 200 is similar to the crankshaft 100 of the first embodiment in Figure
1A, and like features have been identified with like numerals, incremented by 100.
Accordingly, the connector rod bearing sections 204A to 204D of Figure 2A

correspond with the connector rod bearing sections 104A to 104D of Figure 1A.

The crankshaft 200 has two oil feed passageways 210A and 210B, which do not
communicate with each other. The oil feed passageways 210A and 210B have

respective inlets 222A and 222B in the bearing surfaces of the end main journal

bearing sections 202A and 202E. The inlets 222A and 222B communicate with

respective pluralities of outlets 224A and 224B.

In contrast to the slotted bearing shells 154 of Figure 1A, the bearing arrangement of
Figure 2A is provided with grooved bearing shells 214, which differ from the plain
bearing shells 212 by the provision of a semi-circular groove 218, a supply hole (not
shown) communicating between the groove 218 and the oil supply passageways
216A and 216B of the bearing housing 217 in the engine block, and semi-cylindrical
seals 220, such that oil supplied through the oil supply passageway is received into a
chamber formed between the groove 218 and the surface of the respective main
journal bearing surface 202A and 202E.

In use, lubricating oil is supplied to oil supply passageways 216A and 216B, and
thence the oil is supplied to the grooves 218 of grooved bearing shells 214. The
inlets 222A and 222B of the rotating crankshaft 200 draw in oil to the oil feed
passageways 210A and 210B under sufficient pressure to feed oil to the respective
outlets 224A and 224B, and thereby to lubricate the main journal bearings.
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Figure 2B shows an alternative design of grooved bearing shell 214’. This differs
from the plain bearing shell 212 by the provision of a circumferential, semi-cylindrical
groove 218’, a supply hole 219’ communicating between the groove 218’ and the oil
supply passageway 216 of the engine block. In contrast to the grooved bearing
shells 214 of Figure 2A, the grooved bearing shell 214’ of Figure 1B is not provided
with semi-cylindrical seals 220. Further, the groove 218’ is a trapezoid in cross-
section, and may be rounded between the surfaces of the groove. Oil supplied
through the oil supply passageway 216 is received into a chamber formed between
the groove and the surface of a main journal bearing section. The groove 218’ is

about 2 to 5mm wide (axial dimension), with a radial depth of about 1 to 1.5mm.

Although in Figure 2 two inlets 222A and 222B are provided, with one inlet to each of
two separate oil feed passageways 210A and 210B, in an alternative embodiment,

two inlets may be provided to a single oil feed passageway.

Two (or more) inlets may be provided to a common oil feed passageway.
Advantageously, this can provide a more uniform oil pressure at the outlets and/or

provide enhanced oil pressure at the outlets.

The oil feed passageways 110, 210A and 210B are shown in Figures 1A, 1C, 1D, 1E
and 2A as having a series of serially arranged sections, each of which sections is
terminated at a bearing surface. Alternatively, the oil feed passageway may
comprise a stem passageway from which branches radiate to bearing surfaces (not

illustrated).

The present invention also encompasses both an engine (not shown) and a vehicle
(not shown) having a crankshaft according to one of the embodiments of the
invention.

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



10

15

20

WO 2012/113565 16 PCT/EP2012/000804

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 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 crankshaft comprising:

a plurality of main journal bearing surfaces,

a plurality of connector rod bearing surfaces, and

at least one oil feed passageway internal to the crankshaft,

each of the at least one oil feed passageways communicating with an inlet and
a plurality of outlets located within bearing surfaces, and

wherein the inlet is located within a first main journal bearing surface, and at

least one of the outlets is located within a second main journal bearing surface.

2. A crankshaft according to claim 1, wherein the inlet is located within a main

journal bearing surface proximal an end of the crankshaft.

3. A crankshaft according to claim 1, wherein the inlet is located within a main
journal bearing surface substantially centrally located within the plurality of main

journal surfaces.

4. A crankshaft according to any preceding claim, wherein the at least one oil
feed passageway comprises a first inlet and a second inlet each located within a

main journal bearing surface.

5. A crankshaft according to claim 4, wherein the first and second inlets are

located in different main journal bearing surfaces.

6. A crankshaft according to any preceding claim, wherein the at least one oil
feed passageway comprises a first inlet and a second inlet, and wherein the first inlet

and second inlet communicate with a common oil feed passageway.

7. A crankshaft according to any preceding claim, wherein the crankshaft
comprises a first oil feed passageway communicating with a first inlet, and a second
oil feed passageway communicating with a second inlet, the first and second oil feed

passageways being separate.
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8. A crankshaft according to any preceding claim, wherein the plurality of outlets

are located within a plurality of main journal surfaces.

9. A crankshaft according to any preceding claim, wherein an oil feed
passageway is configured to supply oil to an outlet in a first, connector rod bearing
surface that is connected to the oil feed passageway intermediate an input in the first
main journal bearing surface and an output in the second main journal bearing

surface.

10. A crankshaft according to claim 9, wherein the oil feed passageway is
configured to supply oil to an outlet in a second, connector rod bearing surface that is
connected to the oil feed passageway intermediate the output in the second main

journal bearing surface and an output in a third main journal bearing surface.

11. A crankshaft according to claim 10 or 11, wherein the second main journal

bearing surface is not provided with a direct external oil feed inlet.

12. A crankshaft according to any preceding claim, wherein an oil feed
passageway comprises a series of serially arranged sections, each of which sections
is terminated at a bearing surface.

13. A crankshaft according to any preceding claim, wherein an oil feed
passageway comprises a stem passageway from which one or more branches

communicate to bearing surfaces.

14. A crankshaft arrangement comprising a crankshaft according to any preceding
claim and bearing shells located in correspondence with the main journal bearing
surfaces.

156. A crankshaft arrangement according to claim 14, wherein a bearing shell in

correspondence with the or each inlet of the crankshaft has an oil supply groove.
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16. A crankshaft arrangement according to claim 14, wherein a bearing shell in

correspondence with the or each inlet has an oil supply slot.

17. A crankshaft arrangement according to claim 16, wherein an oil supply
channel is provided in a bearing housing that houses the bearing shell having the oil

supply slot.

18. A crankshaft arrangement according to claim 17, wherein at least part of the

oil supply channel is wider than the oil supply slot in the bearing shell.

19. A crankshaft arrangement according to any of claims 14 to 18, comprising
bearing housings and an oil supply passageway communicating with the inlet is

provided within at least one of the bearing housings.

20. A crankshaft arrangement according to claim 19, wherein an oil supply

passageway is provided in correspondence with the or each inlet of the crankshaft.

21. A crankshaft arrangement according to any of claims 14 to 20, wherein an oil
supply passageway is not provided in correspondence with at least two of the main

journal bearings.

22.  An engine comprising a crankshaft arrangement according to any of claims 14
to 21, an engine block, at least one bearing cap and an oil tray, wherein the bearing
housings are comprised within at least one of the engine block, the at least one

bearing cap and the oil tray.

23. An engine according to claim 22, wherein the engine comprises an oil pump

connected to the inlet.

24. A vehicle comprising an engine according to claims 22 or 23.

25. A crankshaft substantially as hereinbefore described with reference to or as

shown in the accompanying drawings.
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26. A crankshaft arrangement substantially as hereinbefore described with

reference to or as shown in the accompanying drawings.

27.  An engine comprising a crankshaft substantially as hereinbefore described

with reference to or as shown in the accompanying drawings.

28. A vehicle comprising a crankshaft substantially as hereinbefore described with

reference to or as shown in the accompanying drawings.
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