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(54) An internal combustion engine with an improved distribution control device

(57) An internal combustion engine comprising a
drive shaft (7), at least one overhead camshaft (10) and
a transmission device (1) for the rotational connection
of the camshaft (10) to the drive shaft (7) in a phased
manner, comprising a first transmission unit (17) con-
necting the drive shaft (7) to an intermediate shaft (11)
and a second transmission unit (18) connecting the in-

termediate shaft (11) to the camshaft (10); the first
transmission unit (17) comprises an auxiliary shaft (19)
having an axis (E) parallel to and alongside the axis (A)
of the drive shaft (7) and adapted to drive an oil pump
(24) of the engine (2), a pair of gears (20, 21) connecting
the drive shaft (7) to the auxiliary shaft (19) and a chain
(42) connecting the auxiliary shaft (19) to the intermedi-
ate shaft (11).
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Description

[0001] The present invention relates to an internal
combustion engine provided with at least one overhead
camshaft and in particular, but not exclusively, to a die-
sel engine for a vehicle.

[0002] Internal combustion engines of the above-
mentioned type are known in which the camshaft is syn-
chronously driven by means of a first transmission, for
instance a chain transmission, connecting the drive
shaft to an intermediate return shaft, for instance the
shaft of the fuel pump, and a second chain or toothed
belt transmission connecting the intermediate shaft to
the axle or the camshafts. An embodiment of this ar-
rangement is disclosed in EP-A-1 046 790.

[0003] A problem raised by known engines of the type
described briefly above relates to the bulk of the first and
second transmissions at the front end of the engine, fac-
ing the radiator, and the resultant problems that this rais-
es 'from the point of view of installing the water pump
and the relative ducts for connection to the engine cool-
ing circuit which should advantageously be installed in
this area.

[0004] Theobjectofthe presentinventionisto provide
an internal combustion engine with an improved distri-
bution control unit which makes it possible to remedy
the problems described above.

[0005] According to the present invention, this object
is achieved by an internal combustion engine compris-
ing a block, a drive shaft, at least one overhead cam-
shaft and a distribution control device for the rotational
connection of the camshaft to the drive shaftin a phased
manner, the distribution control device comprising a first
transmission unit connecting the drive shaft to an inter-
mediate shaft and provided with a first flexible transmis-
sion member, and a second transmission unit connect-
ing the intermediate shaft to the camshaft and provided
with a second flexible transmission member, character-
ised in that the first transmission unit comprises an aux-
iliary shaft having an axis parallel to and alongside an
axis of the drive shaft and adapted to drive an auxiliary
member of the engine, and geared transmission means
connecting the drive shaft to the auxiliary shaft, the first
flexible transmission member being interposed between
the auxiliary shaft and the intermediate shaft.

[0006] The present invention is described in further
detail below with reference to an embodiment thereof,
given by way of non-limiting example, with reference to
the accompanying drawings, in which:

Fig. 1 is a perspective, diagrammatic and partial
view of a distribution control unit of an internal com-
bustion engine in accordance with the present in-
vention;

Fig. 2is a perspective and partial view of the engine,
with some parts removed for clarity;

Fig. 3 is a section along the line llI-11l of Fig. 1;
Fig. 4 is a section along the line IV-IV of Fig. 3;
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Fig. 5 is a section along the line V-V of Fig. 4;
Fig. 6 is a top view, partly in section, of the block of
the engine of Fig. 1.

[0007] In Figs. 1 to 3, a transmission device for con-
trolling the distribution in an internal combustion engine
2, in particular a diesel engine, is shown overall by 1.
[0008] The engine 2 comprises a block 3 formed by a
cylinder block 4 defining a plurality of cylinders 5 and a
sub-block 6 secured below the block 4 with which it
meshes along a plane o.

[0009] The engine 2 comprises a drive shaft 7 having
an axis A contained in the plane o and supported be-
tween the cylinder block 4 and the sub-block 6, and a
pair of overhead camshafts 10 (Figs. 1 and 3), having
axes B and C parallel with one another and with the axis
A.

[0010] The engine 2 further comprises an intermedi-
ate shaft 11 for driving a high pressure fuel pump 12
forming part of an injection unit (not shown) of the com-
mon rail type. The pump 12 is disposed on a flank 14 of
the engine 2, in the vicinity of a front wall 13 of the block
3; the shaft 11 has an axis D parallel with the axes A, B
and C.

[0011] The device 1 (Fig. 1) comprises a first trans-
mission unit 17 connecting the drive shaft 3 to the inter-
mediate shaft 11 and a second chain transmission unit
18 interposed between the intermediate shaft 11 and the
two camshafts 10.

[0012] According to the present invention, the first
transmission unit 17 comprises an auxiliary shaft 19
having an axis E parallel to the axis A of the drive shaft
3 and adjacent thereto, on the same side of the pump
12; the axis E preferably lies in the horizontal plane o
passing through the axis A of the drive shaft 3.

[0013] Thefirsttransmission unit 17 further comprises
a pair of gears 20, 21 keyed on the drive shaft 7 and the
auxiliary shaft 19 respectively, and connected together
in order rotationally to connect the two shafts 7, 19, and
a chain transmission 22 interposed between the auxil-
iary shaft 19 and the intermediate shaft 11.

[0014] In particular, the gears 20, 21 (Figs. 3 and 5)
are disposed in a box housing 23 provided immediately
outside the front wall 13 of the engine 2, substantially
symmetrical with respect to the plane o and formed in
part by the cylinder block 4 and in part by the sub-block
6.

[0015] Advantageously, the auxiliary shaft 19 moves
an auxiliary member of the engine, in particular an ail
pump 24 (Figs. 3 and 4). The pump 24, of the geared
type, has an input shaft 25 of axis E on which a drive
gear 26 is keyed.

[0016] The pump 24 is advantageously housed in a
lateral recess 27 of the block 3, open laterally for access
to the pump itself, and disposed behind the housing 23.
[0017] The auxiliary shaft 19 is advantageously
formed in two parts, for technological and assembly rea-
sons, and in particular comprises a tubular duct 30,
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mounted to pass through the housing 23 in an angularly
free and axially fixed manner, and a spindle 31 which
connects the duct 30 to the shaft 25 of the pump 24.
[0018] The gear 21 is keyed on the duct 30, for in-
stance by means of force fitting under heating. The spin-
dle 31 is coupled to the duct 30 and to the shaft 25 of
the pump 24 in a rotationally rigid and axially sliding
manner by means of respective splined couplings 36,
37. In this way, it is possible axially to disengage the
spindle 31 from the pump 24 and enable the dismantling
of the latter without dismantling the engine 2.

[0019] The position of the pump 24 is such as to en-
able an easy connection to the oil couple (not shown)
and to the lubrication circuit of the engine 2 by means
of channels 40 provided in the block 3.

[0020] A sprocket41 is also keyed on the duct 30 and
forms part of the chain transmission 22, which sprocket
further comprises a chain 42 and a driven wheel 43
keyed on a duct 44 rigidly connected to the intermediate
shaft 11 of the pump 12 (Fig. 3).

[0021] The chain 42 of the chain transmission 22 is
advantageously housed within the block 3 in the vicinity
of the front wall 13.

[0022] The second transmission unit 18 comprises, in
a known manner, a drive sprocket 45 keyed on the in-
termediate shaft 11, a pair of wheels 46 keyed on the
respective camshafts 10 and a single chain 47 in en-
gagement with the sprocket 41 and both the wheels 46.
[0023] The chains 42 and 47 are guided, in a conven-
tional manner, by respective pairs of shoes 48a, 48b and
49a, 49b; one of the shoes (48a, 49a) of each pair, co-
operating with the taut branch of the relative chain 42,
47 is fixed; the other (48b, 49b) cooperating with the re-
turn branch faces the flank 14 of the engine 2 and can
move, under the thrust of a hydraulic tensioning member
50 and 51 respectively, for the recovery of play.

[0024] The operation of the device 1, already partly
evident from the above description, is as follows.
[0025] The auxiliary shaft 19 is driven in rotation by
the drive shaft 7 by means of the pair of gears 20, 21
and actuates the oil pump 24. Motion is transmitted via
the chain 42 to the intermediate shaft 11, which also ac-
tuates the fuel pump 12, and from there to the camshafts
10 by means of the chain 47. The overall transmission
ratio formed by the first transmission unit 17 and by the
second transmission unit 18 is %.

[0026] According to the present invention, by means
of the use of an auxiliary return shaft 19 in the first trans-
mission unit, a large zone 52 (Fig. 6) is left free in a po-
sition adjacent to the front end of the cylinder block 4,
in which auxiliary engine components may be readily in-
stalled, and in particular the cooling water pump (not
shown) and the relative ducts for connection to the en-
gine cooling circuit.

[0027] Since the return of motion by means of the aux-
iliary shaft 19 causes, with the same direction of rotation
of the drive shaft 7 (anticlockwise with respect to Fig.
1), an inversion of the direction of rotation of the chains
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42, 47, the latter have their return branch facing away
from the flank 14 of the engine 2. In this way, the ten-
sioning devices 50, 51 may be disposed towards the ex-
terior of the engine 2 rather than on the side of the zone
52 as is conventionally the case. This provides the two-
fold advantage of avoiding the bulk of the tensioning de-
vices 50, 51 in the zone 52 and improving their acces-
sibility.

[0028] The use of an auxiliary shaft 19 mounted be-
tween the cylinder block 4 and the sub-block 6 makes it
possible to assemble the shaft itself and the oil pump
24 in a rapid and efficient way. The provision of the aux-
iliary shaft 19 in two telescopically sliding parts makes
it possible to remove the oil pump 24 without dismantling
the block 3.

[0029] It will be appreciated that the engine 2, and in
particular the distribution control device 1, may be mod-
ified and varied without departing from the scope of pro-
tection of the claims.

[0030] In particular, one or both of the chains 42, 47
may be replaced by toothed belts; in this case, the mov-
ing shoes and the relative hydraulic tensioning devices
may be replaced by conventional mechanical idle pulley
tensioning devices. The engine may be a controlled ig-
nition rather than a diesel engine; the fuel pump may be
an injection pump of conventional type; the auxiliary
shaft 19 may directly control an auxiliary member at one
of its front ends.

Claims

1. An internal combustion engine (2) comprising a
block, a drive shaft (7), at least one overhead cam-
shaft (10) and a distribution control device (1) for
the rotational connection of the camshaft (10) to the
drive shaft (7) in a phased manner, the distribution
control device (1) comprising a first transmission
unit (17) connecting the drive shaft (7) to an inter-
mediate shaft (11) and provided with a first flexible
transmission member (42), and a second transmis-
sion unit (18) connecting the intermediate shaft (11)
to the camshaft (10) and provided with a second
flexible transmission member (47), characterised
in that the first transmission unit (17) comprises an
auxiliary shaft (19) having an axis (E) parallel to and
alongside an axis (A) of the drive shaft (7) and
adapted to drive an auxiliary member (24) of the en-
gine (2), and geared transmission means (20, 21)
connecting the drive shaft (7) to the auxiliary shaft
(19), the first flexible transmission member (42) be-
ing interposed between the auxiliary shaft (19) and
the intermediate shaft (11).

2. An engine as claimed in claim 1, characterised in
that the intermediate shaft (11) and the auxiliary
shaft (19) are disposed in the vicinity of a flank of
the engine (2).
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An engine as claimed in claim 1 or 2, characterised
in that the flexible transmission member (42) is
housed in the block (3) in the vicinity of a front wall
(13) of the block (3).

An engine as claimed in one of the preceding
claims, characterised in that the block (3) compris-
es a cylinder block (4) and a sub-block (6), the drive
shaft (7) and the auxiliary shaft (19) being support-
ed between the cylinder block (4) and the sub-block
(6).

An engine as claimed in claim 4, characterised in
that the cylinder block (4) and the sub-block (6)
mesh together along a plane () containing the axis
(A) of the drive shaft (7) and the axis (E) of the aux-
iliary shaft (19).

An engine as claimed in any one of the preceding
claims, characterised in that the auxiliary shaft
(19) comprises a first axially fixed portion (30) driv-
en by the geared transmission means (20, 21) and
a second portion (31) coupled rotationally to the first
portion (30) and to the auxiliary member (24), this
second portion (31) sliding axially to enable its dis-
engagement from the auxiliary member (24).

An engine as claimed in any one of the preceding
claims, characterised in that the auxiliary member
driven by the auxiliary shaft (19) is an oil pump (24).

An engine as claimed in any one of the preceding
claims, characterised in that it comprises a fuel
pump (12) driven by the intermediate shaft (11).

An engine as claimed in any one of the preceding
claims, characterised in that the first and the sec-
ond transmission units (17, 18) comprise tensioning
means (50, 51) associated with the respective flex-
ible transmission members (42, 47).

An engine as claimed in claim 9, characterised in
that the tensioning means (50, 51) are disposed to-
wards the exterior of the engine (2) with respect to
the flexible transmission members (42, 47).

An engine as claimed in claim 10, characterised in
that at least one of the flexible transmission mem-
bers (42, 47) is a chain, the tensioning members
comprising a moving shoe (48b, 49b) cooperating
with a return branch of the chain and a hydraulic
tensioning member (50, 51) associated with the
moving shoe (48b, 49b).

An engine as claimed in claim 10 or 11, character-
ised in that at least one of the flexible transmission
members (42, 47) is a toothed belt, the tensioning
means comprising a mechanical idle pulley tension-
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ing device.
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