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Description

[0001] The present invention relates to an internal
combustion engine, in particular an internal combustion
engine with a valvetrain. Furthermore, the invention re-
lates to a variable valvetrain for actuating a valve of an
internal combustion engine, especially of an intake valve.

Technical background:

[0002] Variable valvetrains are known in the art. Such
variable valvetrains allow to adjust (change) a valve lift,
i.e. a quantity characterizing the valve lift behavior such
as the lift height (maximum height of the valve opening
during an engine cycle), duration and / or phase of the
valve opening relative to the engine cycle. A variable val-
vetrain allows adjusting the lift height as a function of, for
example, a number of driving parameters (e.g., rotational
speed) and of a gas command (e.g., position of a gas
lever or pedal).

[0003] A particularly advantageous variable valvetrain
is known from DE 10 2005 057 127 A1 (hereinafter
DE’127),in which also other valvetrains are cited. DE’127
in particular discloses a valvetrain having elements cor-
responding to those shown in Figs. 1a, 1b and in Fig. 6
of the present application. Some additional elements
shown in Figs. 1a, 1b and 6 are not disclosed in DE’127.
In the valvetrain of DE’127 a position of the valve crank
axis 14 can be adjusted by pivoting a pivoting frame 80,
in order to adjust the valve lift.

Summary of the invention:

[0004] An object of the present invention is to provide
avalvetrain of an internal combustion engine with at least
some of the advantages of the solution shown in DE’127,
which moreover is running with low friction and/or which
is relatively easy and efficient to lubricate.

[0005] The objectis achieved by the valvetrain accord-
ing to claim 1 and by the internal combustion engine ac-
cording to claim 13.

[0006] According to one aspect of the invention, a var-
iable valvetrain is provided for actuating a (i.e. at least
one) valve of an internal combustion engine.

[0007] An actuation system of the valvetrain for peri-
odically opening and closing the valve comprises a ro-
tatable valve crank (16); a transmission unit for transmit-
ting the rotational movement of the valve crank (16) into
a periodical lifting movement for actuating the valve (70);
and a lubricant supply system. The valve crank (16) is
rotatably mounted about a valve crank axis (14) by a
valve crank bearing (15), the valve crank bearing (15)
connecting the valve crank (16) to a rigid support body.
The support body (80) is mounted on a pivot shaft (23)
to be pivotable about a pivot axis. The pivoting of the
support body (80) about the pivot axis (24) causes a
change in the position of the first rotational axis (14) along
a circle segment about the pivot axis (24) for adjusting a
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valve lift, e.g., the lift height of the valve. The lubricant
supply system comprises a support-body lubricant sup-
ply channel passing from the pivot shaft through the sup-
port body to the valve crank bearing.

[0008] Thereby, a reliable supply of lubricant to the
valve crank bearing is obtained without need of any fur-
ther elements of the valvetrain. Thereby, embodiments
of the invention enable a mechanically simple, inexpen-
sive, reliable and / or durable design of the valvetrain.
Further, the other benefits mentioned in DE’127 can be
at least partially achieved.

[0009] The valvetrain according to an aspect of the in-
vention can be used in a particularly advantageous man-
ner in internal combustion engines of devices or vehicles
with high engine speeds, such asin motorcycles. Further,
it can also be used in, e.g., automobiles, trucks, aircraft
or watercraft.

[0010] Further advantages, features, aspects, details
of the invention, preferred embodiments and specific as-
pects of the invention can be seen from the dependent
claims, the description and the drawings.

Brief description of drawings:

[0011] Embodiments of the invention are illustrated in
the drawings and are described in more detail below. In
the drawings,

Fig. 1a shows a perspective view of a valvetrain in
accordance with a first embodiment of the invention;

Fig. 1b shows a side view of the valvetrain of the first
embodiment;

Fig. 2 shows a cross-sectional view of the valvetrain
of the first embodiment along the line A-A shown in
Fig. 1b;

Fig. 3a shows a cross-sectional side view of the val-
vetrain of the first embodiment along the line B-B
shown in Fig. 2;

Fig. 3b shows a further cross-sectional side view of
the valvetrain of the first embodiment;

Fig. 4 shows a cross-sectional view of the valvetrain
of the first embodiment along the line C-C shown in
Fig. 3a;

Fig. 5 shows a cross-sectional view of the valvetrain
of the first embodiment along the line D-D shown in
Fig. 3a;

Fig. 6 shows a side view of a valvetrain in accordance
with a second embodiment of the invention;

Fig. 7 shows a cross-sectional view of the valvetrain
of the second embodiment along the line A-A shown
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in Fig. 6;

Fig. 8 shows a cross-sectional side view of the val-
vetrain of the second embodiment along the line B-
B shown in Fig. 7;

Fig. 9ashows a cross-sectional view of the valvetrain
of the second embodiment along the line C-C shown
in Fig. 8;

Fig. 9b shows an enlarged portion of Fig. 9a;

Fig. 10a shows a cross-sectional view of the valve-
train of the second embodiment along the line D-D
shown in Fig. 8;

Fig. 10b shows an enlarged portion of Fig. 10a;

Fig. 11 shows a further cross-sectional side view of
the valvetrain of the second embodiment; and

Fig. 12 shows a schematic top view of a valve crank
for use in the valvetrain of the first and second em-

bodiments.

Description of first embodiment (Figs. 1a-5):

[0012] Hereinafter, a valvetrain 2 according to an as-
pect of the invention will be described with reference to
Figs. 1a-5. The valvetrain may have any element(s) de-
scribed in DE’127, for example the elements shown in
Figs. 1a-5, in WO 2014/135321 A1, and/or in WO
2017/129820 A1. The contents of these three documents
- in particular, paragraphs [0144] - [0159] of DE’127 - are
herewithincluded by reference. In addition, the valvetrain
2 is equipped with a lubricant supply system described
herein.

[0013] The valvetrain 2 shown in Figs. 1a-5 comprises
a valve crank 16 and a transmission unit or gear unit.
The valve crank 16 provides a rotational movement. The
rotational movement is preferably synchronous to the
motor cycle of the combustion engine, so that one full
rotation corresponds to one full motor cycle, and it is par-
ticularly preferred that the rotational movement is driven
by the crank shaft of the combustion engine 1.

[0014] For driving the valve crank 16 (also referred to
as first driving member), the valvetrain 2 comprises a
driving gearwheel 22 and a valve crank gearwheel 12.
The driving gearwheel 22 is mounted stationarily in the
cylinder head 3 and rotatably about a driving axis 24. The
valve crank gearwheel 12 is fixedly connected to the
valve crank 16. The valve crank 16 and the valve crank
gearwheel 12 are rotatably mounted about a valve crank
axis 14 (also referred to as first rotational axis) by a valve
crank bearing 15 (Figs. 3a and 4). Here and in the fol-
lowing, the term "axis" means a geometrical axis and/or
a rotational axis.

[0015] The driving gearwheel 22 is driven by a crank
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shaft of the combustion engine 1. The driving is synchro-
nous to the motor cycle, i.e. a full rotation of the driving
gearwheel 22 corresponds to a motor cycle. In a four
stroke engine, this is the case if the transmission between
crank shaft and driving gearwheel is 2:1.

[0016] Thedrivinggearwheel 22 isin meshing connec-
tion with the valve crank gearwheel 12. The transmission
ratio between driving gearwheel 22 and valve crank gear-
wheel 12is 1:1. Thereby, also the valve crank gearwheel
is driven synchronously to the motor cycle.

[0017] Fig.12isaschematictop view of the valve crank
16 shown in Figs. 1a-5. As shown there, the valve crank
16 comprises a bearing pin 16a, which is arranged along
and is rotatable about the valve crank axis 14, a lifting
pin 16b, which is arranged parallel and eccentric to the
valve crank axis 14, and a crank arm (radial element)
16¢, which connects the bearing pin 16a and the lifting
pin 16b to each other. The crank arm 16c has a crank
arm side surface 16d. Further, the valve crank gearwheel
12 is mounted fixedly on the bearing pin 16a of the valve
crank 16. The valve crank 16 is mounted, at the bearing
pin 16a, in a rotational bearing 15 (here a roller bearing),
such as to be rotatable about the valve crank axis 14.
[0018] The transmission unit transmits the rotational
movement of the valve crank 16 into a periodical lifting
movement for actuating the valve 70. An actuation of the
valve is herein understood to be a lifting movement of
the valve 70, which opens and/or closes the valve 70,
preferably synchronously to the motor cycle.

[0019] For this purpose, the transmission unit of Figs.
1a - 5 comprises a connecting rod 30 with a first connect-
ing rod joint 34 and a second connecting rod joint 36; and
a guiding member 60 for guiding the connecting rod. The
guiding member is mounted on a guiding member shaft
63 such as to be pivotable around a guiding member axis
66. The connecting rod 30 is joined with its first connect-
ing rod joint 34 to the first driving member 16 and with its
second connecting rod joint 36 to the guiding member
60. The transmission unit further comprises a pushing
member (roller) 40 fastened to the guiding member 60,
and a transmission member 50 (a lever pivotable around
a lever axis 52). The transmission member 50 is in re-
leasable mechanical contact with the pushing member
40 along a contact surface 54 of the transmission mem-
ber 50, for transmitting a force exerted by the pushing
member 40 towards the valve 70.

[0020] According to an aspect of the invention, in the
valvetrain shown in Fig. 1 the position of the valve crank
axis 14 can be adjusted. To this purpose, the valve crank
16 is mounted, by the valve crank bearing 15, in a pivoting
frame 80 (also referred to as support body). In other
words, the valve crank bearing 15 connects the valve
crank 16 to the pivoting frame 80. The pivoting frame 80
is rigid, consists in this example of several parts that are
rigidly connected with one another. It is mounted on the
cylinder head 3 pivotally about the pivoting axis, wherein
the pivoting axis is identical to the driving axis 24 shown
in Fig. 1. Because the valve crank 16 is mounted in the
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pivoting frame 80, the pivoting of a pivoting frame 80
causes a pivoting of the valve crank axis 14, i.e. a change
of the position of the valve crank axis 14 along a circular
path about the pivoting axis 24.

[0021] Because the pivoting axis 24 and the driving
axis are identical, it is guaranteed that the position of the
valve crank axis 14 remains, in every pivoting position of
the pivoting frame 80, on a circular segment about the
driving axis 24. As a result, it is ensured that the valve
crank gearwheel 12 mounted rotatably about the valve
crank axis 14 and the driving gearwheel 22 remain in
meshing connection, regardless of the pivoting position
of the pivoting frame 80.

[0022] By means of a pivoting drive 90, the pivoting
frame 80 can be held in a fixed position or be pivoted.
The pivoting drive 90 comprises a coupling rod 94b at-
tached to the pivoting frame 80. Further details and pos-
sible variations of the pivoting drive are described, for
example, in DE’127, WO 2014/135321 A1, and WO
2017/129820 A1.

[0023] Next, still with reference to Figs. 1a-5, details
of the lubricant supply for the valvetrain according to an
embodiment are described. Asis described in more detail
in the following, the lubricant supply 100 is a manifold
receiving lubricant from an entry 112 and supplying the
lubricant to (at least) the pivot shaft 23, the guiding mem-
ber shaft 63, and the valve crank bearing 15. The lubri-
cant supply 100 further supplies lubricant to the interface
between the pushing member 40 and the contact surface
54.Thelubricant pressure atthe entry 112 of the lubricant
supply system is about 0.2 bar to 1 bar.

[0024] The lubricant supply system 100 has, in a di-
rection from upstream to downstream, the following ele-
ments: a guiding-member-shaft channel 114 being pro-
vided in the guiding-member 63 and having a channel
entry 112 connected to a lubricant supply line (extending
through the cylinder head, not shown) and two channel
exits 116; a pair of cylinder-head lubricant supply chan-
nels 118 provided in the cylinder head (solid cylinder
head body) 3 and extending parallel to each other. Each
ofthe cylinder-head lubricant supply channels 118 is con-
nected at their inlet to a respective one of the channel
exits 116. The lubricant supply system 100 further has a
pair of pivot-shaft channels 124 provided in the pivot shaft
23 (which is divided into two pivot shaft portions with a
gap in the middle), and each having a pivot-shaft entry
122 (connected to an outlet of the the cylinder-head lu-
bricant supply channels 118) and a pivot-shaft exit 126.
The lubricant supply system 100 further has a support-
body lubricant supply channel 128 connected at theirinlet
to a respective one of the pivot-shaft exits 126, and at
their outlet, via a valve crank bearing lubricant supply
volume 129, to the valve crank bearing 15.

[0025] The channel entry 112 and the channel exits
116 of the guiding-member-shaft channel 114 are pro-
vided as radial bores in the guiding member 63 connect-
ing the guiding-member-shaft channel 114 to a volume
surrounding the guiding member 63 and contacting to
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the cylinder-head lubricant supply channel 118. The piv-
ot-shaft entries 122 are provided as open ends of the
respective pivot shaft portions connecting the cylinder-
head lubricant supply channels 118 to the pivot-shaft
channels 124. The pivot-shaft exits 126 are provided as
radial bores in the pivot shaft 23 connecting the pivot-
shaft channel 124 to a volume surrounding the pivot shaft
23 and contacting to an entry side of the support-body
lubricant supply channel 128. At the exit side of the sup-
port-body lubricant supply channel 128, the valve crank
bearing lubricant supply volume 129 surrounds and sup-
plies lubricant to the valve crank bearing 15 through pas-
sages connecting the valve crank bearing lubricant sup-
ply volume 129 to the valve crank 15.

[0026] Here the valve crank bearing 15 is a roller bear-
ing, but in an alternative embodiment also a different
bearing such as a friction bearing can be used.

[0027] Further, with reference to Figs. 3b and 4, the
lubricant supply system 100 has a lubricant outlet 140
connected to the valve crank bearing lubricant supply
volume 129. The lubricant outlet is directed towards the
contact surface 54 and/or to the pushing member 40 for
supplying the lubricant to the contact surface 54, the
pushing member 40, and/or the interface therebetween.
The lubricant outlet 140 supplies the lubricant by ejecting,
from the outlet 140, lubricant through an unpressurized
volume in the cylinder head portion of the engine (typi-
cally a free space within a cylinder head housing of the
engine) towards the contact surface 54 and/or to the
pushing member 40. To this purpose, the lubricant outlet
140 comprises a lubricant outlet channel 146 being pro-
vided in the support body 80 and being connected at its
inlet side to the valve crank bearing lubricant supply vol-
ume 129, and having an exit side being connected to the
unpressurized volume.

[0028] In order to maintain an oil pressure in the lubri-
cant supply system 100, it is advantageous that the lu-
bricant outlet 140 is an intermittent lubricant outlet, i.e.,
thatitlets outthe lubricantintermittently. For this purpose,
the lubricant outlet 140, more precisely its exit side, is
located at a surface of the support body 80 that is peri-
odically obstructed by an obstruction member 135 such
as to block the lubricant outlet 140 (but that is unobstruct-
ed in intermediate periods).

[0029] As can be seenin Figs. 3b and 4, the periodical
obstructions are achieved by the lubricant outlet 140 be-
ing arranged at a position that is obstructed, in some
angular positions of the valve crank 16, by the crank arm
side surface 16d acting as the obstruction member 135,
while being unobstructed in other angular positions of
the valve crank 16.

[0030] Furthermore, the lubricant outlet 140 is posi-
tioned and oriented in such a manner that at least a por-
tion of the ejected lubricant is directed towards the con-
tact surface 54 and/or to the pushing member 40 of the
actuation system. The motion of the valve crank 16 con-
tributes to this transport, due to the momentum imparted
by the moving valve crank 16, especially by the crank
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arm 16c¢, onto the lubricant ejected from the lubricant
outlet 140.

[0031] The lubricant supply system 100 further has a
second lubricant outlet 130 that is generally analogous
to the above description of the (first) lubricant outlet 140.
However, contrary to the lubricant outlet 140, the second
lubricant outlet 130 is directed towards a portion (actua-
tion system) of the valvetrain for the outlet valve 78, in
particular towards the cam and/or a portion contacted by
a cam of the outlet valve, here towards cam and the forc-
ing member 58.

[0032] To this purpose, the second lubricant outlet 130
comprises a lubricant outlet channel 136 being provided
in the support body 80 and being connected at its inlet
side to the valve crank bearing lubricant supply volume
129, and having an exit side being connected to the un-
pressurized volume. The second lubricant outlet 130 is
arranged at a position that is obstructed, in some angular
positions of the valve crank 16, by the same obstruction
member 135 as the first lubricant outlet 140, i.e., by the
crank arm side surface 16d. In all other respects, the
above description of the first lubricant outlet 140 also
applies to the second lubricant outlet 130.

General aspects of the valvetrain

[0033] Next, some general (i.e., optional) aspects of a
valvetrain are described that are illustrated in Figs. 1a-5
and are explained by the reference numerals of these
figures. These aspects can also be realized independ-
ently of the embodiment of Figs. 1a-5, in conjunction with
any other aspects of the invention. Generally, any as-
pects described herein can be combined, independently
of other details, with any other embodiment or aspect
described herein.

[0034] According to an aspect, the valvetrain is ar-
ranged in the cylinder head portion of the combustion
engine. According to a further aspect, the valvetrain (in
particular, the actuation system)further comprises a con-
necting rod 30 with a first connecting rod joint 34 and a
second connecting rod joint 36; and a guiding member
60 for guiding the connecting rod, the guiding member
being pivotable around a guiding member axis 66. Ac-
cording to a further aspect, the connectingrod 30is joined
with its first connecting rod joint 34 to the first driving
member 16. According to a further aspect, the connecting
rod 30 is joined with its second connecting rod joint 36
to the guiding member 60.

[0035] According to a further aspect, a second driving
member 22 of the valvetrain is provided for driving the
first driving member 16. The second driving member 22
is rotatable about a second rotation axis 24.

[0036] According to a further aspect, the second driv-
ing member 22 is a second driving gearwheel. The val-
vetrain comprises a first driving gearwheel 12 for driving
the first driving member 16, wherein the first driving gear-
wheel 12 is rotatable about the first rotation axis 14.
[0037] According to a further aspect, a pushing mem-
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ber 40 is fastened to the guiding member 60. According
to a further aspect, the pushing member 40 is a roller.
According to a further aspect, the valvetrain 1 comprises
atransmission member 50 in releasable mechanical con-
tact with the pushing member 40. According to a further
aspect, the transmission member 50 is biased, by a forc-
ing member 58, towards the valve 70. According to a
further aspect, the combustion engine 1 comprises a
fixed stop 57 for defining a maximum displacement of
the transmission member 50.

[0038] According to a further aspect, the transmission
member 50 is a lever, which is pivotable around a lever
axis 52. According to a further aspect, the lever 50 is a
one-arm lever. According to a further aspect, a move-
ment of the pushing member 40 toward the lever axis 52
causes the valve to open.

[0039] According to a further aspect, the valve 70 is an
intake valve. According to a further aspect, the combus-
tion engine further comprises a second intake valve,
which is preferably also actuated by the valvetrain. Ac-
cording to a further aspect, the second driving member
also actuates an exhaust valve 78.

[0040] According to a further aspect, a valve lift (a
quantity characterizing valve lifting behavior) is adjusta-
ble by the adjustment of the position of the first rotation
axis 14. According to a further aspect, the quantity char-
acterizing the valve lifting behavior 90 is a lift height, a
duration of the valve opening, or both. According to a
further aspect, a phase relation between a rotational an-
gle of the first driving member 16 and an engine cycle is
adjustable by the adjustment of the position of the first
rotation axis 14.

[0041] According toafurther aspect, the pushingmem-
ber 40 is guided to follow a guided path, and the guided
path of the pushing member 40 is adjustable by the ad-
justment of the position of the first rotation axis 14. Ac-
cording to a further aspect, the adjustment of the position
of the first rotation axis 14 is a pivoting of the first rotation
axis 14 around a pivoting axis 24.

[0042] According to a further aspect, the connecting
rod 30 and the guiding member 60 are members of a
pinned, planar linkage.

[0043] It is a general aspect of the invention that the
valvetrain 2 comprises a planar linkage with four links,
and/or a pinned linkage of four links. Herein, the joints
preferably comprise the pivot shaft 23 (driving axis 24),
the guiding shaft 63 (quiding axis 66), the first connecting
rod joint 34 and the second connecting rod joint 36. All
elements of the linkage described herein are connected
to each other in a form-fit manner.

[0044] It is a general aspect of the invention that the
valvetrain 2 is provided in a cylinder head portion of the
combustion engine, as is exemplified in Fig. 1. An ar-
rangement in the cylinder head portion is to be under-
stood as follows: The valve crank 16 is generally (i.e., in
at least one possible position of the rotational axis 14
and/or in at least one pivotal position of a pivoting frame
80), mounted on a cylinder head side relative to a dividing
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surface between the motor block and the cylinder head.
Even if a cylinder head and a motor block are not clearly
distinguishable from one another in the combustion en-
gine, such a dividing surface can be defined, forexample,
by a surface defined by the piston head, wherein the pis-
ton is in the top dead center position. According to this
characterization, the valvetrain 2 corresponds to an over-
head camshaft valvetrain, wherein the valve crank 16
corresponds to the camshaft.

[0045] By this arrangement, an encapsulated setup of
the valvetrain is enabled, in which the parts of the valve-
train are arranged within an encapsulation.

[0046] According to an aspect, the valvetrain 2 can be
subdivided into an active subsystem and a passive sub-
system. The active subsystem can be characterized as
follows: The motional state of the active subsystem is
substantially determined by the motional state of the
valve crank 16 (i.e., by a rotational angle of the valve
crank 16 and by the position of the valve crank axis 14),
and/or the active subsystem is connected to the valve
crank 16 in a form-fit manner. The passive subsystem is
connected to the active subsystem in a force-fit manner,
in particular by means of the valve spring 72.

General aspects of lubricant supply system 100:

[0047] Nextsome general aspects of the lubricant sup-
ply system 100, illustrated in Fig. 2 but not limited to the
embodiment of Fig. 2, are described.

[0048] According to an aspect, the variable valvetrain
2 comprises a rotatable valve crank 16 rotatably mounted
by a valve crank bearing 15 to a rigid support body 80.
The supportbody 80 is pivotably mounted on a pivot shaft
23. The valvetrain further comprises and a lubricant sup-
ply system 100 with a support-body lubricant supply
channel 128 passing from the pivot shaft 23 through the
support body 80 to the valve crank bearing 15.

[0049] According to an aspect, the lubricant supply
system 100 comprises a pair of support-body lubricant
supply channels 128 extending within the support body
80. Preferably each of the support-body lubricant supply
channels 128 (and of the valve crank bearings 15) is ar-
ranged on opposite sides of a (virtual) dividing plane, the
dividing plane being orthogonal to a pivot axis 24 of the
pivot shaft 23 and preferably at a central position of the
valvetrain / of the pivot axis 24.

[0050] According to an aspect, the pivot shaft 23 com-
prises a pair of pivot shaft portions, preferably mechan-
ically separate from each other, preferably separated
from each other by the dividing plane. The lubricant sup-
ply system 100 may comprise a pair of pivot-shaft chan-
nels 124 each provided in a respective one of the pivot
shaft portions. The pivot-shaft entries 122 may be pro-
vided as open ends of the respective pivot shaft portions,
preferably facing each other, and preferably being con-
nected to respective lubricant supplies (such as the cyl-
inder-head lubricant supply channels 118) provided in
the cylinder head 3. According to an aspect, a pair of
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cylinder-head lubricant supply channels 118 is provided
in the cylinder head (solid cylinder head body) 3.
[0051] According to an aspect, the lubricant supply
system 100 has two separate supply path portions at
least downstream of the pivot shaft 23 (downstream of
the pivot-shaft channel(s) 124) and preferably separate
from each other also at the pivot shaft 23, with the dividing
plane separating the supply path portions from each oth-
er without overlap. Thereby, a central portion (including
the dividing plane) of the support body 80 can be made
stable and rigid due to the separation of the lubricant
supply system 100 from the location of the dividing plane,
typically at a central position of the supportbody 80 where
space is limited. According to an aspect, the valvetrain
comprises a pair of valve crank bearings 15, each being
supplied with lubricant via a respective one of the supply
path portions.

[0052] According to an aspect, a pair of pivot-shaft
channels 124 is provided in the pivot shaft 23 (in two
separate portions of the pivot shaft), each being provided
as a longitudinal bore in the respective pivot shaft 23
portion. According to an aspect, the pivot-shaft channels
124 are arranged parallel and/or concentrically with re-
spect to each other and/or with respect to the pivot shaft
axis 24.

[0053] Accordingtoan aspect, the supply path portions
are fed by a single lubricant supply at or downstream of
the pivot shaft 23. According to an aspect, the lubricant
supply system 100 comprises a guiding-member-shaft
channel 114 being provided in the guiding-member 63
and having a channel entry 112 connected to a lubricant
supply line and two channel exits 116, each connected
to a respective one of the supply path portions / of the
cylinder-head lubricant supply channels 118/ (indirectly)
of the pivot-shaft channels 124, thereby bifurcating the
lubricant supply.

[0054] According to an aspect, the lubricant supply
system bifurcates within the support body 80 into a first
and a second supply subsystem. According to an aspect,
the supply subsystems are analogous to each other, so
that for any described element of the lubricant supply
system downstream of the bifurcation, there are a first
and second such element belonging to the first and a
second supply subsystem, respectively. The bifurcation
may be at or downstream of the guiding-member-shaft
channel 114 and/or upstream of the crank bearings 15.
According to an aspect, the first and a second supply
subsystems are associated with a firstand second subset
of the valves 70 (e.g., a first valve and a second valve),
respectively.

[0055] According to an aspect, the first and a second
supply subsystem are arranged on two different sides of
the support body separated by a central plane orthogonal
to the axis 66. Thereby a stable construction of the sup-
port body is enabled.

[0056] According to an aspect, the lubricant supply
system is arranged for lubricating at least some of the
bearings of the guiding member shaft 63, the pivot shaft
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23, the valve crank bearing 15, and the contact surface
54. According to an aspect, the lubricant supply system
is arranged for lubricating the above members, or at least
a subset thereof, in the order, from upstream to down-
stream, indicated in the above list.

[0057] According to an aspect, the lubricant supply
system 100 is arranged for supplying the lubricant from
the pivot shaft 23 through the support body 80 to the
valve crank bearing 15 and optionally (possibly intermit-
tently) to an unpressurized volume.

[0058] According to an aspect, the lubricant supply
system 100 further comprises a cylinder-head lubricant
supply channel 118 upstream of the pivot shaft 23, and
according to an aspect more upstream of the support-
body lubricant supply channel 128. The cylinder-head
lubricant supply channel 118 may pass from the guiding
member shaft 63 through the cylinder head 3 to the pivot
shaft 23. The cylinder-head lubricant supply channel 118
may be fluidly connected to the pivot-shaft channel 124
and may be downstream of the pivot-shaft channel 124.
The cylinder-head lubricant supply channel 118 may be
fluidly connected to the guiding-member-shaft channel
114 and may be upstream of the guiding-member-shaft
channel 114.

[0059] According to an aspect, the pivot-shaft channel
124 is fluidly connected to the support-body lubricant
supply channel 128, and is located upstream of the sup-
port-body lubricant supply channel 128. According to an
aspect, the pivot-shaft channel 124 is fluidly connected
to the cylinder-head lubricant supply channel 118 and is
arranged downstream of the cylinder-head lubricant sup-
ply channel 118.

[0060] According to an aspect, the lubricant supply
system 100 comprises a guiding-member-shaft channel
114 being a longitudinal bore in the guiding member shaft
(63). The guiding-member-shaft channel 114 may extend
in parallel and/or concentrically to the guiding member
axis 66.

[0061] According to an aspect, the guiding-member-
shaft channel 114 is a longitudinal bore in the guiding
member shaft 63, i.e., parallel to and / or concentrically
to the guiding pivot axis 24 and/or to the guiding member
axis 66.

[0062] According to an aspect, the lubricant supply
system 100 comprises a support-body lubricant supply
channel 128 for pressurized lubricant passing from the
pivot shaft 23 through the support body 80 to the valve
crank bearing 15.

[0063] In case of a pair of pivot-shaft channels 124
and/or support-body lubricant supply channels 128, the
above may apply to both pivot-shaft channels 124 and/or
to both respective respective lubricant supply channels
128.

[0064] Further details and general aspects of the inter-
mittent lubrication will be discussed after the following
discussion of a further embodiment.
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Description of a second embodiment (Figs. 6-11):

[0065] Hereinafter, a valvetrain is described according
to a second embodiment of the invention with reference
to Figs. 6-11. Therein, corresponding parts are given the
same reference numerals as in Figs. 1a-5, although
some geometrical details may be changed. The descrip-
tion of Figs. 1a-5, and the description given in DE’127,
also apply to this embodiment, insofar as not described
differently in the following or shown differently in the fig-
ures.

[0066] The lubricant system of the second embodi-
ment is adapted for a pressure at the entry 112 of the
lubricant supply system of about 1.5 bar to 5 bar.
[0067] Some differences with respect to the embodi-
ment of Figs. 1a-5 can be seen in Fig. 7: The pivot shaft
23 is provided as a single shaft with a solid shaft portion
(no gap) in the middle. Still, similar to the embodiment of
Fig. 2, provided in the pivot shaft 23 is a pair of pivot-
shaft channels 124, separated from each other by the
solid shaft portion. The pivot-shaft channels 124 are pro-
vided on opposite sides of a central dividing plane (central
plane orthogonal to the pivot axis 24). Alternatively, the
pivot shaft 23 can be provided with two separate shaft
portions as shown for the first embodiment.

[0068] Each of the pivot-shaft channels 124 has a piv-
ot-shaft entry 122 connected to an outlet of the cylinder-
head lubricant supply channels 118. The pivot-shaft en-
tries 122 are provided as radial bores in the pivot shaft
23 connecting the pivot-shaft channels 124 to the cylin-
der-head lubricant supply channels 118.

[0069] The crank 16is assembled from two crank piec-
es, the left piece in Fig. 7 comprising the lifting pin 16b.
[0070] The valve crank bearing 15 is a friction bearing
as shown schematically in Figs. 7 and 8, and comprises
acrankshaft lubricant volume 134 (being a hollow portion
within the crankshaft 16). Alternatively, also aroller bear-
ing can be used instead.

[0071] The support-body lubricant supply channels
128 are connected at their outlet, via a valve crank bear-
ing lubricant supply volume 129 circumferentially sur-
rounding the valve crank bearing 15, to the valve crank
bearing 15 and specifically, via aradial bore 133 provided
in the crankshaft 16, to the crankshaft lubricant volume
134.

[0072] Next, the lubricant outlets 150, 160 are in the
following described with particular reference to Figs. 9a,
9b and 10a, 10b. Here, while a number of details differ
from the lubricant outlets 130, 140 of the first embodi-
ment, the general principles are analogous: The lubricant
outlet 160 supplies the lubricant by ejecting, from the
outlet 160, lubricant through an unpressurized volume in
the cylinder head portion of the engine towards the con-
tact surface 54 and/or to the pushing member 40. To this
purpose, the lubricant outlet 160 comprises a lubricant
outlet channel 166 being provided in the support body
80 and being connected at its inlet side to the crankshaft
lubricant volume 134, and having an exit side being con-
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nected to the unpressurized volume.

[0073] In order to maintain an oil pressure in the lubri-
cant supply system 100, it is advantageous that the lu-
bricant outlet 160 is an intermittent lubricant outlet, i.e.,
thatitlets out the lubricantintermittently. For this purpose,
the lubricant outlet 160 has an obstruction member block-
ing the lubricant outlet 160 periodically (but being non-
blocking in intermediate periods).

[0074] In the second embodiment the obstruction
member 155 is provided as a crankshaft portion sur-
rounding the crankshaft lubricant volume 134. As can be
seen in Fig. 9b, the crank shaft has a radial bore 153 at
the axial position of the lubricant outlet channel 166 for
connecting the crankshaft lubricant volume 134 to the
lubricant outlet channel 166 at a predetermined rotational
position of the crankshaft, whereas otherwise (at rota-
tional positions of the crankshaft 16 for which the bore
153 is not aligned with the lubricant outlet channel 166)
this connection is blocked by the crankshaft portion (ob-
structing member 155).

[0075] The lubricant supply system 100 of the second
embodiment further has a second lubricant outlet 150
that is generally analogous to the above description of
the (first) lubricant outlet 160, but with the analogous
modifications as described above for the first embodi-
ment: The second lubricant outlet 150 is directed towards
aportion (actuation system) of the valvetrain for the outlet
valve 78, in particular towards the cam and/or a portion
contacted by a cam of the outlet valve, here towards cam
and the forcing member 58.

[0076] The second lubricant outlet 150 is arranged at
a position that is obstructed, in some angular positions
of the valve crank 16, by the same obstruction member
155 as the first lubricant outlet 160, i.e., by the crankshaft
portion surrounding the crankshaft lubricant volume 134
(see Fig. 10b): At a predetermined rotational position of
the crank shaft 16 the radial bore 153 is aligned with the
lubricant outlet channel 156 for connecting the crankshaft
lubricant volume 134 to the lubricant outlet channel 156,
whereas for another rotational positions this connection
is blocked by the crankshaft portion (obstructing member
155). In all other respects, the above description of the
first lubricant outlet 160 also applies to the second lubri-
cant outlet 150.

General aspects of the intermittent lubrication:

[0077] Next, general aspects of the lubricant outlet
130, 140, 150, 160 and in particular of the intermittent
lubrication are discussed. Reference signs relate to the
first and second embodiments discussed above but are
for illustration only. The aspects may be used independ-
ently of these embodiments in combination with any as-
pect or embodiment described herein.

[0078] Accordingtoan aspect, the lubricant outlet 130,
140, 150, 160 is an intermittent lubricant outlet for inter-
mittently letting out lubricant, e.g., towards the contact
surface 54 and/or other parts located in the cylinder head
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portion.

[0079] According to an aspect, the lubricant outlet has
an obstruction member 135, 155 configured to move in
accordance with a rotation of the valve crank 16. In a first
rotational position of the valve crank 16, the obstruction
member 135, 155 may be in an unobstructing position
allowing passage of the lubricant through the lubricant
outlet. In a second rotational position of the valve crank
16, the obstruction member 135, 155 may be in an ob-
structing position so that the passage of the lubricant is
obstructed. Herein, the terms "unobstructed" and "ob-
structed" may also include partial obstructions, as long
as the obstructing position is (relatively) significantly
more obstructing than the unobstructing position and in
particular allows maintaining a desired level of lubricant
pressure in the lubricant supply.

[0080] Accordingtoanaspect,the obstruction member
135, 155 may co-rotate with the valve crank 16 or pivot
with the connecting rod 30.

[0081] According to an aspect, the lubricant outlet 130,
140, 150, 160 further comprises a stationary outlet por-
tion 136, 146, 156, 166 which remains stationary upon
rotation of the valve crank 16, i.e., stationary with respect
to the support body 80 and/or to the cylinder head. In the
first rotational position of the valve crank 16, the obstruct-
ing portion and the stationary outlet portion 136, 146,
156, 166 do not overlap with each other (e.g., openings
provided therein are aligned with each other), so that the
passage of the lubricant through the lubricant outlet is
unobstructed, allowing passage of the lubricant through
the lubricant outlet. In the second rotational position of
the valve crank 16, the obstruction member 135, 155 and
the stationary outlet portion 136, 146, 156, 166 overlap
with each other (e.g., openings therein are not aligned
with each other), so that the passage of the lubricant is
relatively more obstructed. Thereby, the intermittent out-
let of the lubricant is obtained in accordance with a rota-
tion of the valve crank 16.

[0082] Accordingtoanaspect,the lubricantthroughput
through the lubricant outlet 130, 140, 150, 160 in the un-
obstructing position (e.g., first rotational position of the
valve crank 16)is larger by afactor of atleast 2, preferably
atleast5, compared to the obstructing position (e.g., sec-
ond rotational position of the valve crank 16).

[0083] According to an aspect, the lubricant outlet 130,
140, 150, 160 lets out the lubricant from within the support
body 80 to an unpressurized volume. According to an
aspect, the lubricant outlet 140, 160 is directed, through
the unpressurized volume, towards the contact surface
54 for lubricating the contact surface 54. According to an
aspect, the lubricant outlet is fluidly connected to the
valve crank bearing 15, is arranged downstream of the
support-body lubricant supply channel 128, and prefer-
ably also downstream of the valve crank bearing 15.
[0084] According to an aspect, illustrated by the first
embodiment, the obstruction member 135 is a crank arm
side surface 16d of the valve crank 16. According to an
alternative aspect, illustrated by the second embodiment,
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the obstruction member 155 is a substantially cylindrical
shaft portion co-rotating with the valve crank 16 having
a hollow interior portion 136 and a substantially radial
outlet channel portion 154 being formed as a through-
channel at a predetermined circumferential position of
the shaft.

[0085] According to an aspect, the lubricant supply
140, 160 supplies lubricant at least to the valve crank
bearing 15, and preferably also to other parts of the val-
vetrain, e.g. to the pivot shaft 23, the guiding member
shaft 63, and/or to parts of the transmission unit such as
the pushing member 40 and/or the contact surface 54.
According to an aspect, the lubricant supply 130, 150
supplies lubricant at least to a portion of the valve train
for driving a further valve, e.g., an exhaust valve.
[0086] Accordingtoan aspect, the valve crank bearing
15 comprises at least one of a roller bearing and a friction
bearing. According to a further aspect, the lubricant sup-
ply system 100 comprises a lubricant entry supplying the
lubricant at a lubricant pressure (at the inlet of the lubri-
cant supply system) of at least 0.2 bar, at least 1 bar, or
even at least 1.5 bar. According to a further aspect, the
lubricant supply system 100 comprises a lubricant entry
supplying the lubricant at a lubricant pressure of at most
5 bar, at most 2 bar, or at most 1 bar. Especially in the
case of a friction bearing the lubricant pressure is pref-
erably at least 1.5 bar and/or at most 5 bar. Especially in
the case of a roller bearing the lubricant pressure is pref-
erably at least 0.2 bar and/or at most 1 bar.

[0087] Theembodimentsdescribed here can be varied
and adapted in other ways. In particular, individual as-
pects of each embodiment can also be used in other em-
bodiments and / or combined with other aspects, thereby
obtaining yet further embodiments. For example, the bi-
furcation of the lubricant supply within the support body
80 shown in the first and second embodiments is optional
and may be implemented in another (e.g., bifurcation
downstream of the pivot shaft 23). Also the lubrication
outlet 130, 140, 150, 160 is optional and can be even
fully omitted (replaced by any other lubrication outlet).

Claims

1. Avariable valvetrain (2) for actuating a [intake] valve
(70) of an internal combustion engine, the variable
valvetrain being adapted to be arranged in a cylinder
head (3) portion of the internal combustion engine,
the variable valvetrain comprising:

an actuation system for periodically opening and
closing the valve (70), the actuation system
comprising

- a rotatable valve crank (16);

- a transmission unit for transmitting the ro-
tational movement of the valve crank (16)
into a periodical lifting movement for actu-
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ating the valve (70); and
- a lubricant supply system (100), wherein

the valve crank (16) is rotatably mounted about
a valve crank axis (14) by a valve crank bearing
(15), the valve crank bearing (15) connecting
the valve crank (16) to a rigid support body (80),
and wherein

the supportbody (80) is mounted on a pivot shaft
(23) to be pivotable about a pivot axis (24),
wherein pivoting of the support body (80) about
the pivot axis (24) causes a change in the posi-
tion of the first rotational axis (14) along a circle
segment about the pivot axis (24) for adjusting
the valve lift, and wherein

the lubricant supply system (100) comprises a
support-body lubricant supply channel (128)
passing from the pivot shaft (23) through the
support body (80) to the valve crank bearing
(15).

2. Variable valvetrain according to any one of the pre-
ceding claims, wherein
the transmission unit comprises

- a connecting rod (30) with a first joint (34) and
a second joint (36), and

- aguiding member (60) for guiding the connect-
ing rod, the guiding member being mounted on
a guiding member shaft (63) to be pivotable
about a guiding member axis (66), wherein

the connecting rod (30) is joined with its first joint
(34) to the valve crank (16), and the connecting rod
(30) is joined with its second joint (36) to the guiding
member (60).

3. Variable valvetrain according to the preceding claim,
wherein
the transmission unit further comprises

- a pushing member (40) fastened to the guiding
member (60), and

- a transmission member (50) in mechanical
contact with the pushing member (40) along a
contact surface (54) for transmitting a force ex-
erted by the pushing member (40) towards the
valve (70).

4. Variable valvetrain according to any one of the pre-
ceding two claims, wherein the lubricant supply sys-
tem (100) further comprises a guiding-member-shaft
channel (114) being alongitudinal bore in the guiding
member shaft (63).

5. Variable valvetrain according to any one of the pre-
ceding claims, wherein
the lubricant supply system (100) further comprises
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a pivot-shaft channel (124) being a longitudinal bore
in the pivot shaft (23) and being fluidly connected to
the support-body lubricant supply channel (128) up-
stream of the support-body lubricant supply channel
(128).

Variable valvetrain according to any one of the pre-
ceding claims, wherein

the lubricant supply system (100) further comprises
a cylinder-head lubricant supply channel (118) up-
stream of the pivot shaft (23) and passing through
the cylinder head (3) to the pivot shaft (23).

Variable valvetrain according to any one of the pre-
ceding claims, wherein

the lubricant supply system (100) further comprises
a lubricant outlet (130, 140, 150, 160) from the sup-
port body (80) ..

Variable valvetrain according to the preceding claim,
wherein

the lubricant outlet (140, 160) is directed towards the
contact surface (54) for lubricating the contact sur-
face (54).

Variable valvetrain according to the preceding two
claims, wherein

the lubricant outlet (130, 140, 150, 160) is an inter-
mittent lubricant outlet for intermittently letting out
lubricant.

Variable valvetrain according to the preceding claim,
wherein

the lubricant outlet (130, 140, 150, 160) is adapted
for intermittently letting out lubricant in accordance
with a rotation of the valve crank (16).

Variable valvetrain according to the preceding claim,
wherein

the lubricant outlet (130, 140, 150, 160) has an ob-
struction member (135, 155) configured to move in
accordance with a rotation of the valve crank (16),
wherein in a first rotational position of the valve crank
(16), the obstruction member is in an unobstructing
position allowing passage of the lubricant through
the lubricant outlet (130, 140, 150, 160), and

in a second rotational position of the valve crank (16),
the obstruction member is in an obstructing position
so that the passage of the lubricant is obstructed.

Variable valvetrain according to any one of the pre-
ceding claims, wherein

the lubricant outlet (140, 160)is afirstlubricant outlet,
and wherein

the lubricant supply system (100) further comprises
asecond lubricant outlet (130, 150) directed towards
a further actuation system for a further valve (78).
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10

13.

14.

Internal combustion engine comprising a variable
valvetrain according to any one of the preceding
claims, the variable valvetrain being arranged in a
cylinder head (3) portion of the internal combustion
engine.

Use of a variable valvetrain according to any one of
the claims 1 to 13 for a combustion engine, the var-
iable valvetrain being arranged in a cylinder head (3)
portion of the internal combustion engine.



EP 3 623 592 A1

1"



EP 3 623 592 A1

12



EP 3 623 592 A1

ey

13



EP 3 623 592 A1

14



EP 3 623 592 A1

o
(75|
" T, "

15



EP 3 623 592 A1

Vi

Fe

16



EP 3 623 592 A1

- 7 aw\rw
[
A

17



EP 3 623 592 A1




EP 3 623 592 A1

) o
kmggi?luw\ ASEEENY

L4

T
I

X
=

19



EP 3 623 592 A1

RS
\
73

20



EP 3 623 592 A1

21



EP 3 623 592 A1

22



EP 3 623 592 A1

23



EP 3 623 592 A1

Fig. 12
14 :
; 2
Ty S
1éc> 18
T
P 0
.
16¢C e~ 18
/ A=

16d ; 160

24



10

15

20

25

30

35

40

45

50

55

EP 3 623 592 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

N

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 18 19 4801

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)

Y US 2012/227694 Al (FRICKMANN JESPER [US]) |1,2,4-14 INV.

13 September 2012 (2012-09-13) FO1L13/00

* figures 10,11,18 * FO1L1/053

* paragraph [0043] * Fo1L1/18

----- FO1IM9/10

Y FR 2 853 001 Al (HITACHI UNISIA AUTOMOTIVE|1-14

LTD [JP]) 1 October 2004 (2004-10-01)

* figure 1 *
Y DE 10 2016 101655 Al (EISENBEIS UWE [DE]) |1-14

3 August 2017 (2017-08-03)

* figure 1 *

* paragraph [0029] *
Y DE 10 2005 057127 Al (EISENBEIS UWE [DE]) |1-14

9 November 2006 (2006-11-09)

* figures 8,11 *

* paragraph [0105] *
Y JP S63 19008 U (NISSAN MOTOR CO., LTD) 7-12

8 February 1988 (1988-02-08) TECHNICAL FIELDS

* figure 4 *

----- FO1L

Y JP S50 77626 U (KUBOTA CO., LTD.) 12 FOIM

5 July 1975 (1975-07-05)

* figures 2, 3 *

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner

The Hague 14 March 2019

Aubry, Yann

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

25




EP 3 623 592 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 18 19 4801

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

14-03-2019
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2012227694 Al 13-09-2012  NONE

FR 2853001 Al 01-10-2004 CN 1534169 A 06-10-2004
DE 102004012800 Al 21-10-2004
FR 2853001 Al 01-10-2004
JP 3989867 B2 10-10-2007
JP 2004293406 A 21-10-2004
US 2004187822 Al 30-09-2004

DE 102016101655 Al 03-08-2017 DE 102016101655 Al 03-08-2017
WO 2017129820 Al 03-08-2017

DE 102005057127 Al 09-11-2006 AT 434118 T 15-07-2009
DE 102005057127 Al 09-11-2006
EP 1712747 Al 18-10-2006
EP 1875047 Al 09-01-2008
JP 5166242 B2 21-03-2013
JP 2008537054 A 11-09-2008
US 2008245325 Al 09-10-2008
WO 2006111350 Al 26-10-2006

JP $S6319008 U 08-02-1988  NONE

JP S5077626 U 05-07-1975  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

26




EP 3 623 592 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  DE 102005057127 A1 [0003] « WO 2017129820 A1 [0012] [0022]
« WO 2014135321 A1 [0012] [0022]

27



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

