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(57)  Avalve-actuating system for an exhaust gas re-
circulation system, in which a camshaft has main lobes
(30), which are used to induce full valve opening so as
to bring about the intake of the air/fuel mixture or the
expulsion of the exhaust gases, and auxiliary lobes (31)
used to induce partial valve opening bringing about ex-
haust gas recirculation. A valve clearance regulating de-
vice (35) is provided adapted to vary the clearance be-
tween at least a first lower clearance value (D1) in which
the valves (7) which are caused to be opened both by
the main lobes (30) and by the auxiliary lobes (31), and
a second higher clearance value (D2) in which the
valves (7) which are induced to open by the main lobes
(30) alone, thereby rendering the exhaust gas recircu-
lation inoperative.

A valve-actuating system for an exhaust gas recirculation system of an internal-combustion
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Description

[0001] The present invention relates to a valve-actu-
ating system for an exhaust gas recirculation system of
an internal-combustion engine.

[0002] Internal-combustion engines are known which
are provided with recirculating systems adapted to feed
some of the burnt exhaust gases into the combustion
chamber so as to modify the combustion conditions of
the air/fuel mixture.

[0003] In fact, it is known that the presence of burnt
gases contributes to an increase in the thermal inertia
of the air/fuel mixture and thus to a reduction in the ox-
ygen/fuel ratio and the combustion temperature of the
mixture. In particular, the recirculation of exhaust gases
contributes to a reduction in the emissions of nitrogen
oxide (NOx).

[0004] The recirculation operations described above
are typically carried out according to two principal strat-
egies and, in particular:

e the exhaust valves are partly open during the open-
ing period of the inlet valves so that some of the
exhaust gases present in the exhaust manifold are
re-admitted into the combustion chamber; and

¢ the inlet valves are partly open during the opening
period of the exhaust valves so that some of the ex-
haust gases are accommodated in the end portion
of the exhaust manifold; the subsequent opening of
the inlet valves allows the re-admission of the ex-
haust gases into the combustion chamber.

[0005] From a mechanical point of view, the partial
opening of the exhaust/inlet valves is effected by an ac-
tuating system in which the camshaft is provided with
main lobes adapted to bring about full opening of the
valves and lobes of reduced size which are adapted to
bring about partial opening of the valves which serve for
the recirculation function.

[0006] Although the above-described recirculation
systems are useful in many operating conditions, there
are, however, operating conditions of the engine in
which the recirculation of the exhaust gases may be
harmful. In these operating conditions the recirculation
may result in a non-optimum combustion condition of
the air/fuel mixture, leading to the production of corro-
sive condensates which can attack essential compo-
nents of the engine (cylinder barrels, pistons, piston
rings and bearings).

[0007] Therefore, there is need to provide an actuat-
ing system which, in certain operating conditions, ena-
bles the exhaust gas recirculation system to be ren-
dered inoperative.

[0008] This object is achieved by the present inven-
tion in that it relates to a valve-actuating system for an
exhaust gas recirculation system, in which a camshaft
acts on a plurality of rockers used to actuate valves; the
camshaft having main lobes used to induce full valve
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opening so as to bring about the intake of the air/fuel
mixture or the expulsion of the exhaust gases; the cam-
shaft further having auxiliary lobes used to induce partial
valve opening serving for an exhaust gas recirculation
function, characterised by comprising a valve clearance
regulating device adapted to vary said clearance be-
tween at least: one first lower clearance value in which
the rocking movement of the rocker caused by the an-
gular movement of the main lobes and of the auxiliary
lobes is transmitted to the valves which are thus caused
to open both by the main lobes and by the auxiliary
lobes; and a second higher clearance value in which on-
ly the rocking movement of the rocker caused by the
angular movement of the main lobes is transmitted to
the valves which are thus induced to open by the main
lobes alone.

[0009] The invention will now be described particular-
ly with reference to the accompanying drawings which
illustrate a preferred non-restrictive embodiment there-
of, wherein:

*  Figure 1 illustrates a valve-actuating system for an
exhaust gas recirculation system of an internal-
combustion engine designed in accordance with
the present invention, disposed in a first operating
position, and

*  Figure 2 illustrates the system in Figure 1 disposed
in a second operating position.

[0010] In Figure 1 the reference numeral 1 generally
denotes a valve-actuating system for an exhaust gas re-
circulation system of an internal-combustion engine.
[0011] In particular, the actuating system 1 comprises
a camshaft 3 which acts on a plurality of rockers 5, each
of which is used to actuate one or more valves 7 (in the
example illustrated each rocker 5 actuates two valves 7
simultaneously) mounted in a cylinder head 9 (partly il-
lustrated) of the engine. In particular, in the example il-
lustrated, a first pair of valves 7 is used to feed the air/
fuel mixture to the combustion chamber 10, while a sec-
ond pair of valves (not shown) is used to expel the burnt
gases from the combustion chamber 10.

[0012] More particularly, each rocker 5 has a first end
portion 12 which is provided with a roller 13 able to rotate
about an axis 14 and adapted to come into contact with
respective lobes (to be described in detail below) of the
camshaft 3.

[0013] The rocker 5 has a second end portion 16
which is provided with a Y-shaped cross-member 17
adapted to bring about the opening of a first pair of
valves 7. The cross-member 17 comprises a substan-
tially trapezium-shaped central portion 18 securely at-
tached to the portion 16 and two integral parallelepi-
pedal extensions 19 which have respective rectangular
flat end walls 20 which are mutually coplanar and are
turned towards the valves 7.

[0014] Each valve 7 has a stem 22 which extends
from a valve base and which terminates in a substan-
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tially flat end portion 22a.

[0015] The valve 7 is coupled (in known manner) with
a coil spring 25 coaxial to the stem 22 and adapted to
bring the valve 7 into a closed position.

[0016] The camshaft 3 has main lobes 30 which are
adapted to bring about full opening of a pair of valves 7
so as to cause the admission of the air/fuel mixture into
the combustion chamber 10 and the expulsion of the ex-
haust gases from the combustion chamber 10. The
camshaft 3 is also provided with auxiliary lobes 31
adapted to bring about partial opening of a pair of valves
7 so as to provide an exhaust gas recirculation function.
[0017] In particular, the main lobes 30 and the auxil-
iary lobes 31 can be arranged on the camshaft 3 accord-
ing to a first angular arrangement (of known type), in
accordance with which the exhaust valves 7 are partly
opened during the opening period of the inlet valves 7
so that some of the exhaust gases present in the ex-
haust manifold are re-admitted into the combustion
chamber 10.

[0018] Alternatively, the main lobes 30 and the auxil-
iary lobes 31 can be arranged on the camshaft 3 accord-
ing to a second angular arrangement (of known type),
in accordance with which the inlet valves 7 are partly
opened during the opening period of the exhaust valves
7 so that some of the exhaust gases are accommodated
in the end portion of the intake manifold; the inlet valves
are thus closed and their subsequent opening enables
the exhaust gases to be re-admitted into the combustion
chamber 10.

[0019] Each rectangular wall 20 of the Y-shaped
cross-member 17 is situated opposite a respective end
portion 22a of the valve 7 is spaced apart therefrom by
a distance D (clearance) which is measured when the
roller 13 is not situated in contact with any of the main
lobes 30 or auxiliary lobes 31.

[0020] In particular, according to the presentinvention
a device is provided for regulating the valve clearance
35, which is adapted to vary the clearance between at
least:

- afirst lower clearance value D1 (Figure 2), in which
the rocking movement of the camshaft 3 induced by
the angular movement of the main lobes 30 and the
auxiliary lobes 31 is transmitted to the valves 7
which are thus caused to be opened both by the
main lobes 30 and by the auxiliary lobes 31; and

- a second higher clearance value D2 (Figure 1), in
which only the rocking movement of the camshaft
3 induced by the angular movement of the main
lobes 30 is transmitted to the valves 7 which are
thus caused to be opened by the main lobes 30
alone.

[0021] More particularly, the valve-clearance regulat-
ing device 35 comprises a bush 35 bounded by a cylin-
drical outer surface accommodated in a circular
through-opening 40 formed in a central portion of the
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rocker 5 and coaxial to a first axis 42. The cylindrical
bush 38 has a cylindrical central through-opening 43
which is coaxial to a second axis 38 which is not coin-
cident with the axis 42 and which is spaced apart from
the latter by a predetermined radial distance.

[0022] The cylindrical central opening 43 accommo-
dates a shaft 50, the end portions of which (not shown)
are securely attached to the cylinder head of the engine.
Furthermore, the cylindrical bush 38 is connected by a
pivotally mounted extension 52 with the end portion of
an output member of an actuator 54.

[0023] In operation, to bring about the recirculation of
exhaust gas the actuator 54 disposes the bush 38 with
respect to the shaft 50 in a first angular position (shown
in Figure 2), in which the valve clearance assumes the
above-mentioned lower value D1. The angular move-
ment of the main lobes 30 and of the auxiliary lobes 31
of the camshaft on the roller 13 induces the rotation of
the rocker 5 about the bush 38; in particular, the main
lobes bring about angular displacements of the rocker
5 which are greater in extent than the angular displace-
ments induced by the auxiliary lobes 31. Owing to the
reduced clearance value, both of the angular displace-
ments are of sufficient amplitude to bring about the con-
tact between the cross-member 17 and the end portions
22a of the valves 7; in this way the valves 7 are caused
to open both by the main lobes 30 and by the auxiliary
lobes 31.

[0024] To render the exhaust gas recirculation inop-
erative, the actuator 54 places the bush 38 with respect
to the shaft 50 in a second angular position (shown in
Figure 1), in which the valve clearance assumes the
above-mentioned higher value D2. As stated above, the
angular movement of the main lobes 30 and the auxiliary
lobes 31 of the camshaft on the roller 13 brings about
the rotation of the rocker 5 about the bush 38. Because
of the higher clearance value, only the angular displace-
ments induced by the main lobes 30 are of sufficient am-
plitude to bring about the contact between the cross-
member 17 and the end portions 22a of the valves 7; in
this way the valves 7 are actuated by the main lobes 30
alone. Since the exhaust gas recirculation is brought
about by the opening induced by means of the auxiliary
lobes 31, this function is rendered inoperative.

[0025] The advantages achieved with the present in-
vention are apparent from the foregoing, in that it pro-
vides an actuating system which, based on a simple op-
erative control imparted to the actuator 54, enables the
exhaust gas recirculation system to be rendered inop-
erative/operative.

[0026] Finally, it is evident how modifications and var-
iations can be made to the valve actuating system for
an exhaust gas recirculation system described and il-
lustrated but without departing from the scope of protec-
tion of the present invention.
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Claims

1. A valve-actuating system for an exhaust gas recir-
culation system, in which a camshaft (3) acts on a
plurality of rockers (5) used to actuate valves (7); 5

the camshaft (3) having main lobes (30) used
to induce full valve opening so as to bring about the
intake of the air/fuel mixture or the expulsion of the
exhaust gases;

the camshaft further having auxiliary lobes 10
(31) used to induce partial valve opening serving for
an exhaust gas recirculation function,
characterised by comprising a valve clearance
regulating device (35) adapted to vary said clear-
ance between at least: 15

a first lower clearance value (D1) in which the
rocking movement of the rocker (3) caused by
the angular movement of the main lobes and of
the auxiliary lobes is transmitted to the valves 20
(7) which are thus caused to open both by the
main lobes (30) and by the auxiliary lobes (31);
and
a second higher clearance value (D2) in which
only the rocking movement of the rocker (3) 25
caused by the angular movement of the main
lobes (30) is transmitted to the valves (7) which
are thus induced to open by the main lobes (30)
alone.
30
2. A system according to claim 1, in which said valve
clearance regulating device (35) comprises a bush-
ing (38) accommodated in a through-opening (40)
formed in a central portion of said rocker (5) and
coaxial to a first axis (42); 35
said bush (38) having a central through-open-
ing (43) which is coaxial to a second axis (38) which
is separated from the axis (42) and which accom-
modates a shaft (50) carried by said engine;
it being possible for said bush (38) to be dis- 40
posed with respect to said shaft (50) in a first angu-
lar arrangement in which the valve clearance as-
sumes said first lower value (D1);
it further being possible for said bush (38) to
be disposed with respect to said shaft (50) in a sec- 45
ond angular arrangement in which the valve clear-
ance assumes said second higher value (D2).

3. A system according to claim 2, in which actuating
(54) means are provided which are provided witha 50
movable output member pivotally mounted on an
extension which extends from said bush (38).
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