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(54) Flexible cam follower

(57) The present disclosure relates to a flexible cam
technology in which a cam follower assembly (14) for
controlling the operation of an internal combustion engine
comprises a cam follower (18) configured to follow a cam
(12). The cam follower assembly (14) further comprises
a cam follower support (20) pivotable about a pivot axis
(B) spaced apart from a camshaft axis (A) The cam fol-

lower support (20) supports the cam follower (18). An
actuator (22) is interposed between the cam follower (18)
and the cam follower support (20) and configured to dis-
place the cam follower (18) in a direction perpendicular
to the camshaft axis (A) which may facilitate varying ac-
tuation timings of connected components.
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Description

Technical Field

[0001] The present disclosure relates to a method and
device for controlling the operation of an internal com-
bustion engine, and more particularly to a method and
device for controlling a component controlled by an op-
erating lifter supported by a cam follower which follows
a cam of a camshaft.

Background

[0002] Various technologies for adjusting the operation
of components of an internal combustion engine such
as, for example, inlet valves, outlet valves and fuel pumps
are known. Those technologies may allow adjusting
opening and closing of inlet valves and outlet valves, and
may allow adjusting an actuation timing of fuel pumps.
[0003] For example, EP 2 136 054 Al discloses a de-
vice for controlling the operation of an engine equipped
with a rotatable shaft provided with three eccentrics.
Each eccentric supports an operating lever. A first ec-
centric supports an inlet valve operating lever formed,
for example, as an oscillating arm, which may trace a
stroke of an inlet cam via, for example, a roll supported
thereon, and may transmit it to the inlet valve via, for
example, an inlet valve operating lifter in order to operate
the inlet valve. In a similar manner, a second eccentric
supports an outlet valve operating lever, which may trace
the stroke of an outlet cam via, for example, a roll sup-
ported thereon, and transmit it to an outlet valve operating
lifter. A stroke of a fuel pump cam may be traced, for
example, by a roll arranged at the end of a pump oper-
ating lever and transmitted to a pump piston via, for ex-
ample, a pressure spring. The pump operating lever is
supported on the third eccentric. The eccentrics may be
formed integrally with the rotatable shaft. The eccentric-
ities of the preferably circular cylindrical circumferential
surfaces of the eccentrics relative to the axis of the ro-
tatable shaft, as well as the relative position of the ec-
centricities relative to the rotational position of the shaft
may be selected individually according to the respective
requirements. An actuator and gear wheels form an ac-
tuator unit. At stationary operation, the diesel engine is
operated at a load greater than 25 % of the full load with
two valve lifting curves, for example, in a Miller cycle. At
loads below 25 % of the full load, the shaft is turned, so
that the engine is operated with two different valve lifting
curves. This technology is also known as flexible cam-
shaft technology (FCT).
[0004] The present disclosure is directed, at least in
part, to improving or overcoming one or more aspects of
prior systems.

Summary of the Disclosure

[0005] According to a first aspect of the present disclo-

sure, a cam follower assembly for controlling the opera-
tion of an internal combustion engine comprising a cam-
shaft rotatable about a camshaft axis, the camshaft being
provided with at least one cam, is dislosed. The cam fol-
lower assembly may comprise a cam follower configured
to follow one cam, a cam follower support pivotable about
a pivot axis spaced apart from the camshaft axis, the cam
follower support supporting the cam follower, and an ac-
tuator which may be interposed between the cam follower
and the cam follower support and configured to displace
the cam follower in a direction perpendicular to the cam-
shaft axis.
[0006] According to another aspect of the present dis-
closure, a device for controlling the operation of an inter-
nal combustion engine comprising a camshaft rotatable
about a camshaft axis, the camshaft being provided with
a plurality of cams, is disclosed. The device may com-
prise a plurality of cam follower assemblies as exemplary
disclosed herein, each cam follower of the plurality of
cam follower assemblies following one of the plurality of
cams.
[0007] According to another aspect of the present dis-
closure, a method for controlling the operation of an in-
ternal combustion engine comprising a camshaft rotata-
ble about a camshaft axis, the camshaft being provided
with at least one cam, is disclosed. The method may com-
prise providing a cam follower assembly as exemplary
disclosed herein, rotating the camshaft about the cam-
shaft axis, changing the actuation time of a component
operated by an operating lifter supported by the cam fol-
lower by displacing the cam follower in a direction per-
pendicular to the camshaft axis via the actuator.
[0008] Other features and aspects of this disclosure
will be apparent from the following description and the
accompanying drawings.

Brief Description of the Drawings

[0009] The accompanying drawings, which are incor-
porated herein and constitute a part of the specification,
illustrate exemplary embodiments of the disclosure and,
together with the description, serve to explain the princi-
ples of the disclosure. In the drawings:

Fig. 1 shows a schematic drawing of an exemplary
cam follower assembly for controlling the operation
of an internal combustion engine according to the
present disclosure;
Fig. 2 shows a schematic drawing of an exemplary
device for controlling the operation of an internal
combustion engine according to the present disclo-
sure;
Fig. 3 shows a schematic drawing of a retracted po-
sition of the exemplary cam follower assembly;
Fig. 4 shows a schematic drawing of an intermediate
position of the exemplary cam follower assembly;
Fig. 5 shows a schematic drawing of an extended
position of an exemplary cam follower assembly;

1 2 



EP 2 803 829 A1

3

5

10

15

20

25

30

35

40

45

50

55

Fig. 6 shows a table representing exemplary actua-
tion timings according to the present disclosure;
Fig. 7 shows another table representing exemplary
actuation timings according to the present disclo-
sure; and
Fig. 8 shows yet another table representing exem-
plary actuation timings according to the present dis-
closure.

Detailed Description

[0010] The following is a detailed description of exem-
plary embodiments of the present disclosure. The exem-
plary embodiments described therein and illustrated in
the drawings are intended to teach the principles of the
present disclosure, enabling those of ordinary skill in the
art to implement and use the present disclosure in many
different environments and for many different applica-
tions. Therefore, the exemplary embodiments are not in-
tended to be, and should not be considered as, a limiting
description of the scope of patent protection. Rather, the
scope of patent protection shall be defined by the ap-
pended claims.
[0011] The present disclosure is based in part on the
realization that hydraulic circuits can be introduced in the
field FCT. Said hydraulic circuits may allow increasing a
degree of control over actuation timing of components
operated by a camshaft such as inlet valves, outlet
valves, gas valves, and fuel pumps. Additionally, hydrau-
lic circuits may be implemented in FCT such that individ-
ual control of components operated by the same cam-
shaft is facilitated. Moreover, hydraulic circuits may be
implemented in FCT to provide a continuous control
range to control components.
[0012] Alteratively to provide a hydraulic actuator, a
pneumatic actuator being part of a pneumatic circuit, or
an electrical actuator being part of an electrical circuit
may be provided.
[0013] Accordingly, a cam follower assembly is dis-
closed which utilizes an actuator to facilitate a change in
the actuation timing of a component operated by a cam
follower of the cam follower assembly via a displacement
of the cam follower relative to the camshaft. As noted
above, the actuator may be embodied as hydraulic ac-
tuator, pneumatic actuator, or electrical actuator.
[0014] According to Fig. 1, a not illustrated internal
combustion engine which may be charged via an exhaust
gas turbocharger (not shown), is provided, including a
camshaft 10 (shown only in part). Camshaft 10 is provid-
ed with at least one cam 12 which may be formed inte-
grally with camshaft 10. Camshaft 10 is rotatably sup-
ported and rotatable about a camshaft axis A. Addition-
ally, cam shaft 10 may comprise further cams (not shown)
such that cam shaft 12 is provided with a plurality of cams.
[0015] Said internal combustion engine comprising
camshaft 10 may include features not shown, such as
air systems, cooling systems, peripheries, drivetrain
components, etc. Furthermore, the internal combustion

engine may be of any size, with any number of cylinders,
and in any configuration (for example, "V," in-line, radial,
etc.). Additionally, internal combustion engine may be
used to power any machine or other device, including,
but not limited to, locomotive applications, on-highway
trucks or vehicles, off-highway trucks or machines, earth
moving equipment, generators, aerospace applications,
marine applications, offshore applications, pumps, sta-
tionary equipment, or other engine powered applications.
Internal combustion engine may be powered with any
fuel including, but not limited to, diesel, gasoline, and/or
gaseous fuels. For example, said internal combustion
engine may be a dual fuel engine capable to run on a
liquid fuel and/or a gaseous fuel, or may be an engine
capable to run on various liquid fuels such as diesel and
heavy fuel oil.
[0016] Cam 12 is adapted to operate a component of
the internal combustion engine via a cam follower as-
sembly 14 and an operating lifter 16. As is described in
greater detail later on, the component may be, for exam-
ple, an inlet valve, an outlet valve, a gas valve or a fuel
pump.
[0017] Cam follower assembly 14 for controlling the
operation of the internal combustion engine comprises a
cam follower 18, a cam follower support 20, and an ac-
tuator 22. Cam follower 18 is configured to follow cam
12 by tracing the stroke of cam 12 via, for example, a roll
24 supported thereon and transmitting the same to the
component via the operating lifter 16 supported on cam
follower 18 to control the component.
[0018] To enable pivoting of cam follower assembly
14, cam follower support 20 is pivotably supported via,
for example, a support shaft 23 such that cam follower
support 20 is pivotable about a pivot axis B which is
spaced apart from camshaft axis A, for example, parallely
arranged spaced apart from camshaft axis A.
[0019] Cam follower support 20 supports cam follower
18 via, for example, at least one guiding pin, two of which
are shown in the embodiment shown in Fig. 1 and are
referenced with reference numerals 26 and 28, respec-
tively. On said guiding pins 26 and 28, cam follower 18
can be guided during displacement caused by actuator
22. Guiding pins 26 and 28 may be rigidly fixed to cam
follower support 20 or to cam follower 18, and may be
slideable within guiding pin recesses (not shown) within
cam follower 18 or cam follower support 20, respectively.
In the shown embodiment, guiding pins 26 and 28 are
provided with a circular cross-section. In other embodi-
ments, guiding pins 26 and 28 may have any other suit-
able cross-section including, but not limited to, a square
cross-section, and a rectangular cross-section. Alterna-
tively, cam follower assembly 14 may not comprise any
guiding pin, and support of cam follower 18 may be re-
alized via actuator 22.
[0020] For facilitating a displacement of cam follower
18 towards or away from cam follower support 20, actu-
ator 22 is provided which is interposed between cam fol-
lower 18 and cam follower support 20 and configured to
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displace cam follower 18 in a direction perpendicular to
camshaft axis A to change an actuation timing of a com-
ponent operated by an operating lifter supported by cam
follower 18 tracing cam 12 of camshaft 10 during rotation
of camshaft 10. Perpendicular as used herein may refer
to substantially perpendicular including those degree val-
ues around 90° which still facilitate the above mentioned
varying of actuation time by displacement of cam follower
18. Actuator 22 may be embodied as hydraulic actuator,
pneumatic actuator, or electrical actuator. The following
description focuses on the embodiment including the hy-
draulic actuator, however, one skilled in the art will ap-
preciate that pneumatic and electrical actuators may be
used as actuator 22 as well.
[0021] Hydraulic actuator 22 may be, for example, a
double acting hydraulic cylinder or a single acting hy-
draulic cylinder with spring-return.
[0022] For example, in an embodiment in which hy-
draulic actuator 22 is configured as a single acting cylin-
der, hydraulic actuator 22 may comprise a fluid chamber
(not shown) arranged within cam follower 18 and con-
nected to a hydraulic feed line 30. By allowing flow of a
hydraulic fluid through valve 32 and supplying a hydraulic
fluid to said fluid chamber, a piston can be displaced
which in turn displaces cam follower 18 with respect to
cam follower support 20, and, thereby, also with respect
to camshaft 10. The fluid chamber may be further con-
nected to a hydraulic bleed line 34 provided with a valve
36 to draw the hydraulic fluid. A spring-return may be
provided to bias the piston of hydraulic actuator 22. Al-
ternatively, the fluid chamber may be provided within cam
follower support 20.
[0023] In another example, in which hydraulic actuator
22 is configured as double acting hydraulic actuator,
movement of a piston may be caused between two fluid
chambers selectively supplied with hydraulic fluid. In
case one chamber is supplied with hydraulic fluid, hy-
draulic fluid from the other fluid chamber may be allowed
to flow out of the other fluid chamber by opening of a
bleed valve, and vice versa. Both fluid chambers may be
arranged within cam follower 18, or cam follower support
20. Alternatively, one fluid chamber may be provided in
cam follower 18, and the other fluid chamber may be
provided in cam follower support 20.
[0024] Turning to Fig. 2, a device 38 for controlling the
operation of an internal combustion engine is shown. It
is noted that device 38 is exemplary only to describe var-
ious applications of cam follower assembly 14. There-
fore, similar components to Fig. 1, which now may have
a specific task or function, are referenced with the same
reference numeral as generally referred to in Fig. 1
[0025] In the shown embodiment, camshaft 10 is pro-
vided with three cams 12, 12’, and 12". In the shown
configuration, the individual cams are specifically provid-
ed as inlet cam 12, outlet cam 12’, and pump cam 12".
[0026] Inlet cam 12 is adapted to operate an inlet valve
that is arranged in an inlet of a combustion chamber of
a cylinder of the internal combustion engine and operated

via an inlet cam follower assembly 14 and an inlet valve
operating lifter 16. Outlet cam 12’ is adapted to operate
an outlet valve arranged in an outlet of a combustion
chamber of a cylinder of the internal combustion engine
via an outlet cam follower assembly 14’ and an outlet
valve operating lifter 16’. Pump cam 12" is adapted to
operate a pump piston arranged in an injection pump via
a pump cam follower assembly 14" and a fuel pump op-
erating lifter 16".
[0027] Inlet cam follower support 20, outlet cam follow-
er support 22’, and pump cam follower support 22" are
each individually pivotably supported by respective sup-
port shafts 23 and pivotable about respective pivot axes
B. Alternatively, the cam follower supports of each cam
follower assembly may be pivotably supported by one
support shaft rotatable about a pivot axis, or a sub group
of the plurality of cam follower supports may be pivotably
supported by one support shaft rotatable about a pivot
axis.
[0028] Referring to Figs. 3 to 5, some possible dis-
placement positions of cam follower assembly 14 are
shown. Specifically, Fig. 3 depicts a retracted position,
Fig. 4 an intermediate position, and Fig. 5 an extended
position of cam follower assembly 14. Due to the contin-
uous working principle of hydraulic actuator 22, cam fol-
lower 18 can be continuously displaced between a fully
retracted position and a fully extended position.
[0029] For example, the fully retracted position may be
spaced apart from the fully extended position within a
range from 2 mm to 40 mm which may depend, for ex-
ample, on the engine type and size.
[0030] In some embodiments, hydraulic actuator 22
may be configured to move cam follower 18 with a trans-
lational speed corresponding to a rotational speed of
camshaft 10 during operation. Specifically, hydraulic ac-
tuator 22 may be configured to move cam follower 18
with a translational speed corresponding substantially to
a circumferential speed of a tip of cam 12 of rotating cam-
shaft 10.

Industrial Applicability

[0031] In the following, functionality of cam follower as-
sembly 14 is described with reference to Figs. 1 to 9 and
with specific reference to actuator 22 being embodied as
hydraulic actuator. As noted above, actuator 22 may be
alternatively embodied as pneumatic actuator or electri-
cal actuator.
[0032] The exemplary disclosed cam follower assem-
bly 14 can be used in multiple ways to increase a degree
of control over the internal combustion engine. Specifi-
cally, a method for controlling the operation of an internal
combustion comprises providing a cam follower assem-
bly 14 as exemplary disclosed herein, and rotating cam-
shaft 10 about camshaft axis A during operation of inter-
nal combustion engine. Additionally, the actuation time
of a component such as, for example, a valve or fuel
pump, which is operated by operating lifter 16 supported
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by cam follower 18 can be varied by displacing cam fol-
lower 18 in a direction perpendicular to camshaft axis A
via hydraulic actuator 22.
[0033] A first possibility of using cam follower assembly
14 to change the actuation time of a component is de-
picted in Fig. 6 which shows a table. Said table, as well
as the tables shown in Figs. 7 and 8, includes an axis of
abscissa which indicates a crank angle between 0° and
720°, and an axis of ordinate which indicates a normal-
ized lift between the values 0 and 1. Said lift refers to the
stroke movement of operating lifter 16 caused by cam
follower 18 which converts the rotational movement of
camshaft 10 in a translatory movement. For example,
the lift may refer to a valve lift of an inlet or outlet valve,
in which a value of 0 means that the valve is fully closed,
and a value of 1 means that the valve is fully opened.
[0034] In particular, three exemplary curves are depict-
ed in Fig. 6. A first curve 40 (drawn as solid curve) indi-
cates a lift depending on a crank angle for an intermediate
position of cam follower assembly 14, for example, as
illustrated in Fig. 4. If the position of cam follower 18 rel-
ative to camshaft 10 is changed by displacement via hy-
draulic actuator 22, the curve 40 can be shifted. For ex-
ample, in an extended position of hydraulic actuator 22
compared to the position of hydraulic actuator 22 leading
to curve 40, cam follower 18 may be lifted by cam 12
earlier compared to curve 40, resulting in a curve 42
(drawn as dotted curve). In other words, actuation time
of a component such as an inlet valve, outlet valve or a
fuel pump is brought forward (advanced). For example,
in the shown configuration, hydraulic actuator 22 is ex-
tended to displace cam follower 18 relative to camshaft
10.
[0035] In a similar manner, in a retracted position of
hydraulic actuator 22 compared to the position of hydrau-
lic actuator 22 resulting in curves 40 and 42, cam follower
18 may be lifted by cam 12 later than to curves 40 and
42, resulting in a curve 44 (drawn as dashed curve). In
other words, actuation time of a component such as an
inlet valve, outlet valve or a fuel pump is postponed. For
example, in the shown configuration, hydraulic actuator
22 is retracted to displace cam follower 18 relative to
camshaft 10. In other words, actuation time of a compo-
nent such as an inlet valve, outlet valve or a fuel pump
is postponed (delayed) by displacing cam follower 18 via
hydraulic actuator 22 in a direction perpendicular to cam-
shaft axis A.
[0036] Naturally, the curves of extended and retracted
positions of cam follower assembly 14 may be ex-
changed depending on the location of cam follower sup-
port 20 relative to camshaft 10.
[0037] Another possibility of using cam follower as-
sembly 14 to change the actuation time of a component
is depicted in Figs. 7 and 8.
[0038] In Fig. 7, an exemplary curve 46 (drawn as solid
line) is shown which illustrates an operation without mov-
ing cam follower 18 while camshaft 10 rotates once. In
contrast, curves 48 (drawn as dashed curve) and 50

(drawn as dotted curve) result from a movement of cam
follower 18 while camshaft 10 rotates once. Similarly in
Fig. 8, exemplary curve 52 illustrates an operation with-
out moving cam follower 18 while camshaft 10 rotates
once, curves 54 (drawn as dashed curve) and 56 (drawn
as dotted curve) result from a movement of cam follower
18 while camshaft 10 rotates once.
[0039] Specifically, curve 48 includes an actuation
start time which is brought forward compared to an ac-
tuation start time of curve 46, an extended full actuation
at a lift value of 1.0 compared to a full actuation at a lift
value of 1.0 of curve 46, and the same actuation end time
compared to curve 46. In contrast, curve 50 includes the
same actuation start time as curve 46, an extended full
actuation at a lift value of 1.0 compared to curve 46, and
a postponed actuation end time compared to curve 46.
As can be clearly seen, curves 48 and 50 both have an
extended actuation time span, in which a lift value is un-
equal to a value of 0.0, compared to curve 46.
[0040] For example, dashed curve 48 may result from
the following operation of cam follower assembly 14.
Cam follower 18 may be moved to bring an actuation
start time of a component forward during cam 12 is not
in contact with roll 24. During the time in which the com-
ponent is actuated until a lift value of 1.0, cam follower
18 maintains (holds) its position. During full actuation at
a lift value of 1.0, cam follower 18 is moved in direction
of cam 12 to postpone an actuation end time. As the
actuation end times of curves 46 and 48 are the same,
it can be derived that cam follower 18 of curve 48 is moved
to the specific position in which cam follower 18 of curve
48 is positioned during end actuation time.
[0041] Turning to Fig. 8, curve 54 includes an actuation
start time which is brought forward compared to an ac-
tuation start time of curve 52, an extended full actuation
at a lift value of 1.0 compared to a full actuation at a lift
value of 1.0 of curve 52, and a postponed actuation end
time compared to curve 52. In contrast, curve 54 includes
a postponed actuation start time compared to curve 52,
a shortened full actuation at a lift value of 1.0 compared
to curve 52, and an actuation end time which is brought
forward compared to an actuation end time of curve 52.
As can be clearly seen, curve 54 has an extended actu-
ation time span, in which a lift value is unequal to a value
of 0.0, compared to curve 52, whereas curve 56 has a
shortened actuation time span compared to curve 52.
[0042] For example, dotted curve 56 may result from
the following operation of cam follower assembly 14.
Cam follower 18 may be moved to postpone an actuation
start time of a component during cam 12 is not in contact
with roll 24. During the time in which the component is
actuated until a lift value of 1.0, cam follower 18 maintains
(holds) its position. During full actuation at a lift value of
1.0, cam follower 18 is moved in a direction opposing
rotating cam 12 to bring an actuation end time forward
to shorten an actuation time span.
[0043] It is noted that, as exemplary described in con-
nection with Figs. 7 and 8, extending an actuation time
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span can be achieved by moving cam follower 18 in a
direction of rotating cam 12 while cam 12 is in contact
with roll 24. Analogous, shortening an actuation time
span can be achieved by moving cam follower 18 in a
direction opposing rotating cam 12 while cam 12 is in
contact with roll 24. In other words, extending or short-
ening the actuation time span can be achieved by moving
cam follower 18 with or against rotating camshaft 10 in
the direction perpendicular to camshaft axis A.
[0044] Likewise, extending a time span of no actuation
can be achieved by moving cam follower 18 in a direction
opposing rotating cam 12 while cam 12 is not in contact
with roll 24. Analogous, shortening a time span of no
actuation can be achieved by moving cam follower 18 in
direction of rotating cam 12 while cam 12 is not in contact
with roll 24.
[0045] By controlling cam follower assembly according
to any of the above described ways, for example, valve
openings and closing of inlet and outlet valves as well as
injection timings of fuel pumps may be adjusted depend-
ing on various parameters including, but not limited to,
engine load, fuel type, engine speed, and environmental
influences such as temperature, height and humidity.
[0046] Cam follower assembly 14 as exemplary dis-
closed herein may facilitate a continuous control within
a control range over components as actuator 22 can dis-
place cam follower 18 to any desired position between a
fully extended position and a fully retracted position.
Moreover, individual cam follower assemblies 14 may be
individually controlled via individual actuators 22.
[0047] Although the preferred embodiments of this in-
vention have been described herein, improvements and
modifications may be incorporated without departing
from the scope of the following claims.

Claims

1. A cam follower assembly (14) for controlling the op-
eration of an internal combustion engine comprising
a camshaft (10) rotatable about a camshaft axis (A),
the camshaft (10) being provided with at least one
cam (12), the cam follower assembly (14) compris-
ing:

a cam follower (18) configured to follow one cam
(12);
a cam follower support (20) pivotable about a
pivot axis (B) spaced apart from the camshaft
axis (A), the cam follower support (20) support-
ing the cam follower (18); and
an actuator (22) interposed between the cam
follower (18) and the cam follower support (20)
and configured to displace the cam follower (18)
in a direction perpendicular to the camshaft axis
(A).

2. The cam follower assembly (14) of claim 1, further

comprising at least one guiding pin (26, 28) inter-
posed between the cam follower (18) and the cam
follower support (20).

3. The cam follower assembly (14) of claim 1 or 2,
wherein the actuator (22) is configured as a double
acting hydraulic cylinder, or a single acting hydraulic
cylinder with spring-return.

4. The cam follower assembly (14) of claim 1 or 2,
wherein the actuator (22) is configured as an elec-
trical actuator, or a pneumatic actuator.

5. The cam follower assembly (14) of any one of the
preceding claims, wherein the cam follower (18) is
continuously displaceable via the actuator (22) be-
tween an extended position and a retracted position.

6. The cam follower assembly (14) of any one of the
preceding claims, wherein the actuator (22) is con-
figured to move the cam follower (18) with a trans-
lational speed corresponding substantially to a rota-
tional speed of the camshaft (10) during operation.

7. The cam follower assembly (14) of any one of the
preceding claims, wherein the actuator (22) is con-
figured to displace the cam follower (18) between an
extended position and a retracted position, the re-
tracted position being spaced apart from the extend-
ed position within a range from 2 mm to 40 mm.

8. The cam follower assembly (14) of any one of the
preceding claims, wherein the cam follower (18) is
configured to support a valve operating lifter (16) for
controlling the opening and closing of a valve.

9. The cam follower assembly (14) of claim 8, wherein
the valve controlled by the cam follower (18) is con-
figured as an inlet valve, an outlet valve, or a gas
valve.

10. The cam follower assembly of any one of claims 1
to 7, wherein the cam follower (18) is configured to
support a fuel pump operating lifter (16") for control-
ling the injection timing of a fuel pump.

11. A device (38) for controlling the operation of an in-
ternal combustion engine comprising a camshaft
(10) rotatable about a camshaft axis (A), the cam-
shaft (10) being provided with a plurality of cams
(12), the device (38) comprising a plurality of cam
follower assemblies (14) according to any one of
claims 1 to 10, each cam follower (18) of the plurality
of cam follower assemblies (14) following one of the
plurality of cams (12).

12. The device (38) of claim 11, wherein
the cam follower supports (20) of each cam follower
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assembly (14) are pivotably supported by a support
shaft (23) rotatable about a pivot axis (B), or
the cam follower supports (20) of each cam follower
assembly (14) are individually pivotably supported
by individual support shafts (23) rotatable about pivot
axes (B).

13. A method for controlling the operation of an internal
combustion engine comprising a camshaft (10) ro-
tatable about a camshaft axis (A), the camshaft (10)
being provided with at least one cam (12), compris-
ing:

providing a cam follower assembly (14) accord-
ing to any one of claims 1 to 10;
rotating the camshaft (10) about the camshaft
axis (A);
changing the actuation time of a component op-
erated by an operating lifter (16) supported by
the cam follower (18) by displacing the cam fol-
lower (18) in a direction perpendicular to the
camshaft axis (A) via the actuator (22).

14. The method of claim 13, wherein changing the ac-
tuation time of the component comprises advancing
or delaying the actuation time by displacing the cam
follower (18) in the direction perpendicular to the
camshaft axis (A).

15. The method of claim 13 or 14, wherein changing the
actuation time of the component comprises extend-
ing or shortening the actuation time span by moving
the cam follower (18) with or against the rotating
camshaft (10) in the direction perpendicular to the
camshaft axis (A).
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