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(57) Abstract: There is described a rocker arm for a valve train as-
sembly. The rocker arm comprises: a first body and a second body
mounted for pivotal movement with respect to the tirst body. The
rocker arm further comprises a latching arrangement comprising a
latch pin drivable in response to an external actuator from a first po-
sition in which the first body and the second body are un-latched to
a second position in which the latch pin latches the first body and the
second body together. The latching arrangement further comprises
a piston member and a first biasing member and wherein the piston
member is arranged so that if the external actuator attempts to cause
the latch pin to be driven from the first position to the second posi-
tion at a time when the latch pin is prevented from being driven, the
piston member moves to bias the biasing member so that the biasing
member urges the latch pin to the second position when the latch
pin again becomes driveable.
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ROCKER ARM

Technical Field

The present invention relates to a rocker arm for a valve train assembly of

an internal combustion engine.

Background

Rocker arms for control of valve actuation by switching between at least
two or more modes of operation are well known. Such rocker arms typically
involve multiple bodies, such as an inner arm and an outer arm that are latched
together by a latch pin to provide one mode of operation and are unlatched, and
hence can pivot with respect to each other, to provide a second mode of
operation. The first mode of operation may, for example, be a normal engine
cylinder combustion mode in which the latched rocker arms pivot together as a
single body in response to a rotating cam profile in order to operate a cylinder
valve and the second mode of operation may, for example, be a cylinder de-
activation mode in which one of the un-latched rocker arms pivots with respect
to the other rocker arm in response to the rotating cam profile and absorbs the
action of the cam profile as ‘lost motion’ without exerting a force on the cylinder
valve which remains closed.

In some valve train assemblies that comprise such rocker arms the latch
pins of the rocker arm are caused to be moved from an un-latched position to a

latched position by an actuator that is external to the rocker arms.
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It is known that in some circumstances, when it is required for the latch
pin to be moved into the latched position, the timing at which the external
actuator is activated must be controlled very precisely otherwise the actuator
may attempt to cause the latch pin to move at a time when the latch pin is unable
to move, for example, because of the current orientation of the two bodies of the
rocker arm.

It is therefore desirable to provide improved a rocker arm.

Summary

According to a first aspect of the present invention, there is provided the
rocker arm of claim 1.

Advantageously, because the first biasing member the and piston member
help ensure that the latch pin 42 is moved into the latching position, there is no
need to carefully control the timing of the external actuator to be synchronous
with the inner body ending a return stroke.

One of the first and second body may comprise a bore or channel and the
latch pin and the first biasing member may be at least partially mounted within
the bore or channel. That the first biasing member is at least partially within the
bore or channel provides for a compact arrangement.

The piston member may also at least partially be within the bore or
channel which provides for a compact arrangement.

According to a second aspect of the present invention, there is also

provided a valve train assembly comprising the rocker arm of the first aspect.
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Further features and advantages of the invention will become apparent
from the following description of preferred embodiments of the invention, given

by way of example only, which is made with reference to the accompanying

drawings.
5
Brief Description of the Drawings
Figure 1 shows a schematic perspective view of a first rocker arm;
Figure 2 shows a schematic cross -sectional view of a valve train
assembly including the first rocker arm;
10 Figure 3 shows a schematic cross sectional view through part of the valve

train assembly including part of the rocker arm;
Figure 4 shows another schematic cross sectional view through part of
the valve train assembly including part of the rocker arm;
Figures 5 shows another schematic cross sectional view through part of
15 the valve train assembly including part of the rocker arm;
Figure 6 shows another schematic cross sectional view through part of
the valve train assembly including part of the rocker arm;
Figure 7 shows a schematic cross sectional view of a latching
arrangement in a rocker arm;
20 Figure 8 shows a schematic perspective view of another rocker arm;
Figure 9 shows a schematic cross sectional view through part of the

another rocker arm;
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4
Figures 10 shows a schematic cross sectional view through the another

rocker arm.

Detailed Description

Referring first to Figures 1 and 2, there is illustrated schematically, a valve
train assembly 1 that comprises a rocker arm 3, an engine valve 5 for an internal
combustion engine cylinder (not shown) and a lash adjustor 7. The rocker arm 3
comprises an inner body or arm 9 and an outer body or arm 11. The inner body
9 and the outer body 11 are pivotally mounted at a first end 13 of the rocker 3 on
a shaft 15 which serves to link the inner body 9 and outer body 11 together.

The outer body 11 comprises two generally parallel side walls 11a and
11b which define a space which contains the inner body 9 and an outer body end
section 11c which defines a second end 17 of the rocker 3 and which connects
the side walls 11a and 11b together.

The inner body 9 comprises two generally parallel side walls 9a and 9b
which are adjacent to and run alongside the side walls 11a and 11b respectively
of the outer body 11 and an inner body end section 9c which connects the side
walls 9a and 9b together and opposes the outer body end section 11c.

Each of the outer body 11 side walls 11a and 11b and the inner body side
walls 9a and 9b comprises an aperture (not labelled) which apertures are
aligned and in which the shaft 15 is received.

The rocker arm 3 further comprises a contact pad (or so called ‘Elephant’s

foot’) 19 that extends between the parallel side walls 9a and 9b of the inner body
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9 at the first end 13 of the rocker 3. The contact pad 19 comprises a first surface
19a that defines a recess 19b that receives the shaft 15 and a second surface 19c¢
that contacts the shaft of the engine valve 5.

At the second end 17 of the rocker 3 the outer body end section 11c is
provided with a recess 11d for receiving an end of the lash adjustor 7 so that the
rocker arm 3 is mounted for pivotal movement about the lash adjustor 7. The
lash adjuster 7 which is supported in an engine block (not shown) may, for
example, be a hydraulic lash adjuster, and is used to accommodate slack (or lash)
between components in the valve train assembly 1. Lash adjusters are well
known per se and so the lash adjuster 7 will not be described in any detail.

The rocker arm 3 is provided with a cam follower 21 which in this
example is a roller follower and is located in a space defined between the side
walls 9a and 9b of the inner body 9. The roller follower 21 is rotatably mounted
(by bearings for example) on an axle or shaft 23 which extends through aligned
apertures (only the aperture 11d in the wall 11b is visible in the Figures) in the
walls 93, 9b, 114, 11b.

The rocker arm 3 is further provided with a lost motion return spring
arrangement 25 comprising a pair of springs 25a, 25b, for example torsional
springs. Each of the springs 25a, 25b is mounted on a respective side of the outer
body end section 11c and each comprises a respective spring arm 25c that
extends along the outside of a side wall 11a, 11b and at one end supports the

shaft 23.
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The valve train assembly 1 further comprises a rotatable camshaft (not
shown) comprising a cam (illustrated schematically by arrow C). The cam C is
for engaging the roller follower 21. The cam 32 comprises a lift profile (not
shown) and a base circle (not shown).

The rocker arm 3 further comprises a latching arrangement 40
comprising an elongate latch pin 42 that is drivable in response to an external
actuator (not represented in Figures 1 and 2) from a first position in which the
inner body 9 and the outer body 11 are un-latched to a second position in which
the latch pin 42 latches the inner body 9 and the outer body 11 together so that
they act as a single body. The latching arrangement 40 will be described in
further detail below.

When the latch pin 42 is in the first position (i.e. the inner body 9 and the
outer body 11 are un-latched) the rocker arm 3 is in a first mode and when the
latch pin 42 is in the second position (i.e. the inner body 9 and the outer body 11
are latched together as is illustrated in Figure 2) the rocker arm 3 is in a second
mode. In this example, the first mode is a cylinder de-activation mode in which
there is no valve lift event in a given engine cylinder cycle (e.g. in a given full
rotation of the cam shaft 30) and the second mode is a normal cylinder
combustion mode in which there is a valve lift event in any given engine cylinder
cycle (e.g. in a given full rotation of the cam shaft 30).

During engine operation when the rocker 3 is in the first mode (i.e.
cylinder de-activation mode) as the cam shaft (not shown) rotates, the cam (C) ’s

lift profile engages the roller follower 21 exerting a force that causes the inner
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body 9 to pivot relative to the outer body 11 about the shaft 15 from a first
orientation that the inner body 9 adopts when the base circle (not shown)
engages the roller follower 21 to a second orientation that the inner body adopts
9 when the peak of the lift profile (not shown) engages the roller follower 21.
This movement of the inner body 9 ‘absorbs’ as ‘lost motion’ the motion that
would otherwise be transmitted from the cam (C) to the valve 5 and hence the
valve 5 remains closed. As the peak of the of the lift profile passes out of
engagement with the roller follower 21 and subsequently the base circle (not
shown) engages the roller follower 21 again, the inner body 9 is urged by the lost
motion return spring arrangement 25 from the second orientation back to the
first orientation.

During engine operation when the rocker arm 3 is in the second mode (i.e.
normal cylinder combustion mode) as the cam shaft (not shown) rotates, the
cam (C) ’s lift profile engages the roller follower 21 exerting a force that causes
the rocker arm 3 to pivot about the lash adjuster 7 to lift the valve 5 (i.e. move it
downwards in the sense of the page) against the force of a valve return spring
(not shown) thus opening the valve 5. As the peak of the lift profile passes out of
engagement with the roller follower 21 the valve return spring (not shown)
begins to close the valve 5 (i.e. the valve 5 is moved upwards in the sense of the
page) and the rocker arm 3 pivots about the lash adjuster 7 in the opposite sense
to when the valve 5 is opening. When the base circle again engages the first

roller follower 21 the valve 5 is fully closed and the valve lift event is complete.
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As best illustrated in Figures 2 and 3 in this example, in addition to the
latch pin 42, the latching arrangement 40 comprises a piston member 44, a first
biasing member 46, an annular retention member 48 and a latch pin return
spring 50.

The latching arrangement 40 is located in a bore or channel 28 formed in
one or other of the inner body 9 and the outer body 11. In this example, the bore
28 is formed in the outer body end section 11c.

In this example, the bore 28 is a stepped bore and comprises a first
section 28a, a second section 28b and a third section 28c. The first section 28a
has an open end at the second end 17 of the rocker 3 and the third section 28¢
has an open end that faces the inner body end section 9c. The second section
28b is between and connects the first section 28a and the third section 28c. The
width (e.g. diameter) of the first section 28a is greater than the width of the
second section 28b which is greater than width of the third section 28c.

The latch pin 42 comprises a main body portion 42a, a first end portion
42b and a second end portion 42c. The first end portion 42b faces the end
section 9c of the inner body 9 and comprises a lip section 42d that extends from
the main body portion 42a and defines a latch pin contact surface 42e. The
second end portion 42c is a shoulder portion of smaller diameter than the main
body portion 42a and extends from the main body portion 42a.

The piston member 44 is slideably received in the first bore section 28a.
The piston member 44 is a hollow member, for example a hollow cylinder, and

comprises a capped end 44a that is substantially closed and an open end 44b.
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The closed end 44a protrudes from the open end of the first bore section 28a and
the open end 44b of the piston member 44 faces towards the second section 28b
of the bore 28. That the piston member 44 is at least partially within the bore 28
provides for a compacter arrangement than would be the case if it were entirely
external of the bore 28.

The latch pin 42 is arranged in the bore 28 with its second end portion
42c extending through the open end 44b of the piston member 44 part of the
way into the hollow interior of the piston member 44.

The first biasing member 46, which in this example is a spring, is arranged
in the hollow interior of the piston member 44 with a first end around the second
end portion 42c of the latch pin 42 and a second end against the closed end 44a
of the piston member 44.

The latching arrangement 40 further comprises the annular retention
member 48 that is arranged inside the hollow interior of the piston member 44
adjacent to an annular lip of the piston 48 which lip extends around the open end
44b of the piston member 44. The annular retention member 48 comprises a
base portion 48a, an inner wall 48b and an outer wall 48c.

The second end portion 42c of the latch pin 42 passes through the
aperture of the annular retention member 48. The base 48a of the annular
retention member 48 contacts the main body portion 42a of the latch pin 42, the
inner wall 48b of the annular retention member 48 contacts the second end
portion 42c of the latch pin 42 and the outer wall 48c of the annular retention

member 48 is adjacent to but spaced apart from the inner wall of the piston 44.
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The base portion 48a, the inner wall 48b and the outer wall 4bc of the retention
member 48 define an annular channel in which is supported the first end of the
biasing means 46.

The latch pin return spring 50 is arranged around a part of the main body
portion 42a of the latch pin 42 and has one end fixed in the second section 28b of
the bore 28 and another end contacting or fixed to the base 48a of the annular
retention member 48.

Figure 3 illustrates a ‘steady state’ condition in which the base circle of
the cam (C) is engaging the roller follower 21 and the rocker arm 3 is in the first
mode (i.e. cylinder de-activation mode) and the latch pin 42 is fully retracted. In
this condition, the first biasing member 46 maintains the piston member 44
extended as far as it can out of the open end of the first section of the bore 28. It
will be appreciated that the annular retention member 48 functions to prevent
any further extension of the piston member 44 out of the open end of the first
section of the bore 28 (i.e. the annular retention member 48 limits the extension
stroke of the piston member 44).

In this condition, when it is required to configure the rocker arm 3 into
the second mode (i.e. normal engine condition mode), for example, as
determined by an engine control system (not shown), an external actuator
(represented by arrow F) applies a force to the piston member 44, for example
by pushing on the closed end 44a.

The biasing or spring force (e.g. stiffness) of the first biasing member 46 is

much higher than that of the return spring 50 and so accordingly the force of the



10

15

20

WO 2017/194291 PCT/EP2017/059523

11

actuator (F), be it through pushing or otherwise, is transmitted to the latch pin
42 through the first biasing member 46 as the piston member 44 moves in the
first section of the bore 28 and the latch pin 42, which is free to move, is caused
to move against the bias of the return spring 50 into a fully extended position in
which it latches the inner body 9 and outer body 11 together. In this position,
the flat contact surface 42e of the latch pin 42 engages a corresponding contact
surface 9d of the end 9c of the inner body 9.

In this second mode, the rocker arm 3 will function as previously
described above in response to the rotating cam. When it is required to return
the rocker arm 3 to the first mode, the external actuator (F) is controlled to stop
exerting a force on the piston 44 and the return spring 50 causes the latch pin 42
and the piston member 44 to return to the fully retracted position.

Referring now to Figure 4, if the external actuator (represented by arrow
F) applies a force to the piston member 44 to try to cause the latch pin 42 to
move from the fully retracted position (i.e. unlatched position) to the fully
extended position (i.e. latched positon) at a time when the latch pin 42 is unable
to move, the external actuator causes the piston member 44 to move further into
the first section of the bore 28 and off the annular retention member 48 to
compress the first biasing member 46.

The latch pin 42 may be prevented from moving, for example, because as
is illustrated in Figure 4. the inner arm 9 is moving and has not yet returned to

the position it adopts when the cam base circle is engaged with the roller
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follower 21 so that the inner arm 9 physically abuts the latch pin 42 to prevent it
from moving.

As is illustrated in Figure 5, when the inner arm 9 has completed its
return stroke (i.e. it is back in the position it adopts when the cam base circle
engages the roller follower 21) so that the latch pin 42 is free to move again, the
force generated by the compressed first biasing member 46 as it de-compresses
within the piston member 44 is stronger than the force required to overcome the
return spring 50 and so causes the latch pin 42 to move (as indicated by the
arrow M) into the fully extended position, as illustrated in Figure 6, in which it
latches the inner arm 9 and outer arm 11 together.

Advantageously, because the first biasing member 46 and piston member
44 arrangement will ensure that the latch pin 42 is moved into the latching
position, there is no need to carefully control the timing of the external actuator
to be synchronous with the inner arm 9 ending its return stroke.

Referring now to Figure 7, there is illustrated an alternative latching
arrangement 140 that may be used in the rocker arm 3 instead of the latching
arrangement 40 but which functions in a very similar way. Components of the
latching arrangement 140 that are identical to components of the latching
arrangement 40 are given identical reference numerals as those used above and
for reasons of brevity these components will be not be described in detail again.
Components of the latching arrangement 140 that are very similar to
components of the latching arrangement 40 are given reference numerals that

are increased by one hundred compared to those used above.
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In this example it should be noted that a slight difference between the
bore 128 formed in the outer body 11 and the similar bore 28 described above is
that the bore 128 is a two-step bore (not a three step bore) comprising a bore
section 128a and a wider bore section 128c.

In this example, the second end portion 142c of the latch pin 142 is wider
than the main body portion 42a of the latch pin 142 and the second end portion
142c defines a latch pin bore 170 within which the piston 144 is slidably
mounted. The first biasing means 46 is between the piston 144 and the latch pin
142 within the latch pin bore 170.

As with the example described above, if the external actuator (not shown)
applies a force to the piston member 144 to try to cause the latch pin 142 to
move from the fully retracted position (i.e. unlatched position) to the fully
extended position (i.e. latched positon) at a time when the latch pin 142 is unable
to move (e.g. because of the position of the inner arm as described above), the
external actuator causes the piston member 144 to move further into the latch
pin bore 170 to compress the first biasing member 46.

Again, when latch pin 142 is free to move, the force generated by the
compressed first biasing member 46 as it de-compresses within the latch bore
170 is stronger than the force required to overcome the return spring 50 and so
causes the latch pin 142 to move into the fully extended position in which it
latches the inner arm (not shown in Figure 7) and the outer arm 11 together.

A stopper 180 which is in the form of a ring is fixed on the inner surface of

the second end portion 142c so that the stopper 180 is located in an annular slot
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182 defined in the outer surface of the piston 144 serves to limit the extent of the
stroke of the piston 144 in both directions.

As with the previously described arrangement, this arrangement is also
particularly compact and space efficient.

Referring now to Figures 8 to 10, there is illustrated another example of a
rocker arm 203 comprising a latching arrangement 240 and which function in a
very similar way to the rocker arm 3 and latching arrangement 40 described
above. Components of the rocker arm 203 and the latching arrangement 240
that are identical to components of the rocker arm 3 and the latching
arrangement 40 are given identical reference numerals as those used above and
for reasons of brevity these components will be not be described in detail again.
Components of the rocker arm 203 and the latching arrangement 240 that are
very similar to components of the rocker arm 3 and the latching arrangement 40
are given reference numerals that are increased by two hundred compared to
those used above.

In this example, the latch pin 42 again is located in a bore or channel 228
formed in the outer body end section 211c. In this example, the outer body end
section 211c is shaped so the bore or channel 228 opens out or widens or flares
at the end 17 of the rocker arm so that although at least a portion of the piston
member 244 is within the bore or channel 228 (which again provides for
compactness) much of the piston member 244 is visible.

In this example, the piston member 244 is a hollow member that has a

longitudinal bore that is slightly wider than the second end portion 42c of the
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latch pin 42 (e.g. it has a slightly wider diameter) and which is mounted in sliding
contact along substantially all of its length on the second end portion 42c of the
latch pin 42. A stopper ring 280, for example a C-clip, received in a notch formed
around an outermost end of the second end portion 42c acts to limit the extent of
the expansion stroke of the piston member 244.

The second end portion 42c also passes through an aperture of a retainer
ring 248 which sits tightly on the second end portion 42c facing the piston
member 244 and resting against the main body portion 42a of the latch pin 42.
The first biasing member 46 is between a flared or flange end portion 244a of the
piston 244 and the retainer ring 248. The return spring 50 sits around the main
body portion 42a of the latch pin 42 between the retainer ring 248 and a part of
the outer body end section 211c.

An orientation pin 292 (e.g. a dowel pin) is also provided to help maintain
the orientation of the latch pin 42.

Figures 9 and 10 each illustrate the latch pin 42 in the latched position.
However, similar to the examples described above, if an external actuator (not
shown) applies a force to the piston member 244 to try to cause the latch pin 42
to move from the fully retracted position (i.e. unlatched position) to the fully
extended position (i.e. latched positon) at a time when the latch pin 42 is unable
to move (e.g. because of the position of the inner arm 9 as described above), the
external actuator causes the piston member 244 to slide along the second end

portion 42c of the latch pin to compress the first biasing member 46.
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When the latch pin 42 is free to move again, the force generated by the
compressed first biasing member 46 as it de-compresses is stronger than the
force required to overcome the return spring 50 and so causes the latch pin 42 to
move into the fully extended position in which it latches the inner arm and the
outer arm 11 together.

In any of the above examples, the external actuator may take any suitable
form and may include one or more mechanical cam arrangements, electro-
magnetic actuators, hydraulic actuators or combinations thereof.

Either of the first and second modes described above may be different and
may include any type of variable valve timing mode, exhaust gas recirculation
mode, compression brake mode etc as are all known to those skilled in the art.

In the described examples, it will be appreciated that the first biasing
member 46 may also absorb the geometrical variations of the rocker arm
resulting from tolerances of the various rocker arm components and ensure the
proper engagement of the latch pin. Additionally, the piston member may absorb
if necessary the contact point movement between the piston member and the
external actuator through the variation of the stroke of the piston member and
therefore through the compression level of the first biasing means vs the rocker
angle rotation. The first biasing member 46 may effectively absorb any lash
between the rocker and the external actuator.

All of the above embodiments are to be understood as illustrative
examples of the invention only. It is to be understood that any feature described

in relation to any one embodiment may be used alone, or in combination with
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other features described, and may also be used in combination with one or more
features of any other of the embodiments, or any combination of any other of the
embodiments. Furthermore, equivalents and modifications not described above
may also be employed without departing from the scope of the invention, which

is defined in the accompanying claims.
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CLAIMS

1. A rocker arm for a valve train assembly, the rocker arm comprising:

a first body;

a second body mounted for pivotal movement with respect to the first
body; and

a latching arrangement comprising a latch pin drivable in response to an
external actuator from a first position in which the first body and the second
body are un-latched to a second position in which the latch pin latches the first
body and the second body together; wherein the latching arrangement further
comprises a piston member and a first biasing member and wherein the piston
member is arranged so that if the external actuator attempts to cause the latch
pin to be driven from the first position to the second position at a time when the
latch pin is prevented from being driven, the piston member moves to bias the
biasing member so that the biasing member urges the latch pin to the second

position when the latch pin again becomes driveable.

2. A rocker arm according to claim 1 wherein one of the first and second
body comprises a bore or channel and wherein the latch pin and the first biasing

member are at least partially mounted within the bore or channel.
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3. A rocker arm according to claim 2 wherein the piston member is at least
partially within the bore or channel.
4. A rocker arm according to claim 2 or claim 3 wherein the bore or channel

comprises a first section for receiving at least a first part of the latching pin that
comprises a latching surface and a second section for receiving at least a part of

the piston member.

5. A rocker arm according to claim 4 wherein the second section of the bore

or channel is wider than the first section of the bore.

6. A rocker arm according to any of claims 2 to 6 wherein the rocker arm

further comprises a return spring for biasing the latch pin to the first position.

7. A rocker arm according to any of claims 2 to 6 wherein the piston member
is at least partially within the bore or channel and a part of the piston member
extends out of the bore or channel to enable the external actuator to act on the

piston member.

8. A rocker arm according to any of claims 2 to 7 wherein an end of the latch
pin extends into the piston member and the piston member contains the first

biasing means.
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9. A rocker arm according to claim 8 wherein the piston member comprises
a retaining member on the end of the latch pin, the retaining member for

retaining the first biasing means.

10. A rocker arm according to claim 9 wherein the retaining member serves
to limit the extent to which the piston member can extend out of the bore or

channel.

11.  Arocker arm according to any of claims 2 to 7 wherein an end of the latch
pin defines a latch pin bore and the piston member is at least partially in the

latch pin bore.

12. A rocker arm according to claim 11 wherein the first biasing means is

arranged at least partially within the latch pin bore.

13.  Arocker arm according to claim 12 wherein the first biasing means is also

at least partially within the piston member.

14.  Arocker arm according to any of claims 2 to 7 wherein the piston member
comprises an aperture through which an end of the latch pin extends whereby

the piston member is slidably mounted on the latch pin.
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15. A rocker arm according to claim 14 wherein the first biasing means is

arranged around the piston member and around the end of the latch pin.

16. A rocker arm according to claim 15 further comprising a retainer
mounted on the end of the latch pin opposing the piston member and wherein
the retainer is for retaining the first biasing means and the first biasing means is

between the retainer and the piston member.

17.  Avalve train assembly comprising the rocker of any of claims 1 to 16.
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