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(54) Internal combustion engine with 'V’ configuration of the cylinders

(67)  An internal combustion engine (1) having two
cylinders (2, 3), which are arranged in "V" configuration
and accommodate respective pistons (4, 5), and a first
balancing body (12), which is fixed to a crankshaft (6) at
afirst piston (4) so that the first order reciprocating inertial
forces of the first piston (4) lie on a first straight line (L1)
forming afirstinclination angle (1) which is not zero with

the first cylinder (2); the combination of an angle (a) be-
tween the cylinders with the first inclination angle (1) is
such that the first straight line (L1) on which the first order
reciprocating inertial forces generated by the first piston
(4) lies is parallel to a second straight line (L2) on which
the first order reciprocating inertial forces generated by
the reciprocating motion of a second piston (5) lie.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an internal
combustion engine with "V" configuration of the cylinders.

PRIOR ART

[0002] The main vibrations of an internal combustion
engine are not caused by the combustion of the mixture
in the cylinders (even if the crankcase is particularly rigid)
and are not even caused by the rotation of the crankshaft
(which is balanced by means of specific counterweights
or special shapes), but are determined by the reciprocat-
ing motion of the pistons which accelerate under the bias
of the gases, slow down suddenly and pick up speed
again reversing their direction of motion, i.e. are deter-
mined by the so-called reciprocating inertial forces. The
piston causes the most violent shuddering (i.e. the max-
imum intensity of the reciprocating inertial forces) when
the direction of motion is reversed (i.e. when its acceler-
ation/deceleration is maximum), but reciprocating inertial
forces displaying variable intensity over time with a sinu-
soidal law are present in all instants of motion.

[0003] Reciprocating inertial forces generate vibra-
tions which are detrimental for the engine (because they
can cause failure by fatigue over time) and are also an-
noying for vehicle occupants. In order to reduce such
vibrations, the internal combustion engine must be bal-
anced, i.e. by using balancing countershafts (also known
as balancing shafts), which allow toreduce (compensate)
the reciprocating inertial forces. However, the use of bal-
ancing countershafts gives rise to various drawbacks due
to the weight and dimensions of the balancing counter-
shafts, the weight and dimensions of the drive needed
to turn the balancing countershafts and the greater
weight of the engine crankcase which must also support
the stress induced by the balancing countershafts (the
balancing countershafts generate further reciprocating
inertial forces which are transmitted to the engine crank-
case and cancel out the reciprocating inertial forces of
the pistons in the engine crankcase itself).

[0004] Patent US4517933A1 describes an internal
combustion engine with a "V" configuration of the cylin-
ders, wherein the crankshaft is provided with balancing
masses 31a, 31b and 31c¢ to reduce the vibrations gen-
erated by the reciprocating motion of the pistons.

DESCRIPTION OF THE INVENTION

[0005] Itisthe objectof the presentinventionto provide
an internal combustion engine with "V" configuration of
the cylinders, which is easy and cost-effective to make
and free from the aforesaid drawbacks.

[0006] According to the present invention, an internal
combustion engine with "V" configuration of the cylinders
is provided as claimed in the accompanying claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention will now be described
with reference to the accompanying drawings, which
show a non-limitative embodiment thereof, in which:

- figure 1 is a diagrammatic view of a vehicle provided
with an internal combustion engine made according
to the present invention;

- figure 2 is a diagrammatic view of the internal com-
bustion engine in figure 1;

- figure 3 is a side view of a crankshaft of the internal
combustion engine in figure 2; and

- figure 4 is a cross section view of the crankshaft in
figure 3;

- figures 5-9 are a sequence of diagrammatic views
which illustrate how the reciprocating inertial forces
generated by the reciprocating motion of a piston are
modified as the position and mass of a balancing
body applied to the crankshaft varies.

PREFERRED EMBODIMENTS OF THE INVENTION

[0008] Infigures1and 2, reference numeral 1indicates
as a whole an internal combustion engine, which is pro-
vided with two cylinders 2 and 3 arranged in "V" config-
uration to form an angle o between cylinders which is
not equal to zero (by way of example, in the embodiment
shown in figure 1, the angle o between the cylinders is
equal to 52°). A piston 4 which runs along the axis of the
cylinder 2 is mounted so as to slide inside cylinder 2,
while a piston 5 which runs along the axis of the cylinder
3 is mounted so as to slide in cylinder 3. The internal
combustion engine 1 comprises a crankshaft 6, which is
mounted so as to rotate around a rotation axis 7 and is
provided with a crank shape, so as to have a correspond-
ing crank 8, 9 for each piston 4, 5. The piston 4 is me-
chanically connected to the crank 8 of the crankshaft 6
by means of a connecting rod 10 which has one end
hinged to the piston 4 and an opposite end hinged to the
crank 8; similarly, the piston 5 is mechanically connected
to the crank 9 of the crankshaft 6 by means of a connect-
ing rod 11 which has one end hinged to the piston 5 and
an opposite end hinged to the crank 9.

[0009] A balancing body 12 (shown in figure 3) is fixed
to the crankshaft 6 at the piston 4, and in particular at the
crank 8 of the piston 4. The balancing body 12 (as ex-
plained in greater detail below) is such that the first order
reciprocating inertial forces generated by the reciprocat-
ing motion of the piston 4 lie along a straight line L1
(shown in figure 1) which forms an inclination angle p1
which is not equal to zero with the cylinder 2 (i.e. with the
axis of the cylinder 2 along which the piston 4 moves
with reciprocating motion). In the embodiment shown in
figure 1, the inclination angle 1 is equal to +26° (i.e. 26°
clockwise).

[0010] Similarly, a balancing body 13 (shown in figure
3) is fixed to the crankshaft 6 at the piston 5, and in par-
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ticular at the crank 9 of the piston 5. The balancing body
13 (as explained in greater detail below) is such that the
first order reciprocating inertial forces generated by the
reciprocating motion of the piston 5 lie along a straight
line L2 (shown in figure 1) which forms an inclination an-
gle B2 which is not equal to zero with the cylinder 3 (i.e.
with the axis of the cylinder 3 along which the piston 5
moves with reciprocating motion). In the embodiment
shown infigure 1, the inclination angle B2 is equal to -26°
(i.e. 26° counterclockwise).

[0011] The combination of the angle o between the
cylinders and the two inclination angles 31 and 2 is such
that the first straight line L1, on which the first order re-
ciprocating inertial forces generated by the reciprocating
motion of the first piston 4 lie, is parallel to a second
straight line L2, on which the first order reciprocating in-
ertial forces generated by the reciprocating motion of a
second piston 5 lie. Indeed, the two cylinders 2 and 3 are
distanced 52° apart (i.e. the angle a between the cylin-
ders is equal to 52°), the straight line L1 is shifted clock-
wise (i.e. towards the cylinder 3) by 26° (i.e. the inclination
angle p1isequalto+26°) andthe straightline L1 is moved
counterclockwise (i.e. towards the cylinder 2) by 26° (i.e.
the inclination angle B2 is equal to -26°); consequently,
the two straight lines L1 and L2 are parallel to each other.
[0012] The crank angles of the two cylinders 2 and 3
are such that the first order reciprocating inertial forces
generated by the reciprocating motion of the piston 4 and
the first order reciprocating inertial forces generated by
the reciprocating motion of the piston 5 are in phase op-
position; in this respect, it is worth noting that after having
defined the angle a between the cylinders it is simple
(i.e. by applying a simple geometric calculation) to es-
tablish the crank angles so that the first order reciprocat-
ing inertial forces generated by the reciprocating motion
of the piston 4 and the first order reciprocating inertial
forces generated by the reciprocating motion of the piston
5 are in phase opposition.

[0013] In this manner, the first order reciprocating in-
ertial forces generated by the reciprocating motion of the
two pistons 4 and 5 are parallel to each other (i.e. lie on
two mutually parallel straight lines L1 and L2) and are
also in phase opposition; consequently, the first order
reciprocating inertial forces generating the reciprocating
motion of the two pistons 4 and 5 always cancel each
other out.

[0014] Inorderto make thatthe first order reciprocating
inertial forces generated by the reciprocating motion of
a piston 4 or 5 lie on a straight line L1 or L2 forming an
inclination angle p1 or B2 which is not zero with the cyl-
inder 2 or 3, it is possible to shift the balancing body 12
or 13 outof phase with respectto the corresponding crank
8 or 9 (as shown in figure 4), i.e. it is possible to arrange
the balancing body 12 or 13 so that the radius R1 (shown
in figure 4) connecting the barycentre B of the balancing
body 12 or 13 to the rotation axis 7 of the crankshaft 6
forms a phase angle y1 or y2 which is not zero with the
prolongation of the radius R2 connecting the crank 8 or
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9 of the piston 4 or 5 to the rotation axis 7. In other words,
in a conventional internal combustion engine, the balanc-
ing body and the corresponding crank (i.e. the barycentre
of the balancing body are in perfect phase opposition
along the prolongation of the radius connecting the crank
of the piston to the rotation axis of the crankshaft); in-
stead, in the internal combustion engine 1 according to
the present invention, the barycentre B of the balancing
body 12 or 13 is not along the prolongation of the radius
R2 connecting the crank 8 or 9 of the piston 4 or 5 to the
rotation axis 7, but is "shifted out of phase" by a phase
angle y1 or y2 which is not zero with respect to the pro-
longation of the radius R2 connecting the crank 8 or 9
of the piston 4 or 5 to the rotation axis 7.

[0015] Itis worth noting that, as clearly shown in figure
4, the two radii R1 and R2 mutually form an angle « iden-
tical to the angle o between cylinders 2 and 3 (i.e. an
angle o equal to 52° in the embodiment shown in the
accompanying figures).

[0016] Furthermore, in order to make the first order re-
ciprocating inertial forces generated by the reciprocating
motion of a piston 4 or 5 lie along a straight line L1 or L2
forming an inclination angle 1 or 2 which is not zero
with the cylinder 2 or 3, it is necessary to combine the
phase angle y1 or y2 which is not zero with a particular
mass value of the balancing body 12 or 13. According to
a preferred embodiment, the phase angles y1 and y2 are
equalto +64° (i.e. to 64° clockwise or counterclockwise),
while the balancing body 12 or 13 has a mass equal to
43.8% of the equivalent mass which generates the re-
ciprocating inertial forces of the piston 4 or 5 (i. e. of the
entire mass of the piston 4 or 5, and of the part of the
mass of the connecting rod 10 or 11). At this time, we
are notaware of other phase angle y1 or y2 and balancing
body 12 or 13 mass combinations (i.e. other than +64°
and 43.8% of the equivalent mass, respectively) which
allow to make the first order reciprocating inertial forces
lie along a straight line which is inclined by an inclination
angle B1 or B2 which is not zero and not straight with
respect to the corresponding cylinder 2 or 3 (i.e. with
respect to the axis of the corresponding cylinder 2 or 3);
however, we cannot exclude beforehand the existence
of other phase angle y1 or y2 and balancing body mass
12 or 13 combinations which allow to make the first order
reciprocating inertial forces lie along an inclination angle
B1 or B2 which is not zero with respect to the correspond-
ing cylinder 2 or 3 (i.e. with respect to the axis of the
corresponding cylinder 2 or 3).

[0017] Inorder to better understand the present inven-
tion, the method used to modify the reciprocating inertial
forces F generated by the reciprocating motion of a piston
4 or 5 as the position and mass of a balancing body 12
or 13 applied to the crankshaft 6 at the respective crank
10 or 11 varies is explained below with reference to fig-
ures 3-7.

[0018] As shown in figure 5, when the shaft 6 is free
from the balancing bodies, the reciprocating inertial forc-
es F generated by the reciprocating motion of the piston
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4 or 5 lie on a straight line parallel to axis z (i.e. to the
axis of the cylinder 2 or 3).

[0019] As shown in figure 6, when the shaft 6 compris-
es a balancing body 12 or 13 having a balancing mass
equal to 100% of the balancing mass which generates
the reciprocating inertial forces F in perfect phase oppo-
sition with the corresponding crank 8 or 9 (i.e. with a
phase angle y1 or y2 which is not zero), the reciprocating
inertial forces F generated by the reciprocating motion
of the piston 4 or 5 lie on a line parallel to axis y (i.e. are
turned by 90° with respect to the case shown in figure 4)
which is perpendicular to axis z (i.e. to the axis of cylinder
2 or 3).

[0020] As showninfigure 7, when the shaft 6 compris-
es a balancing body 12 or 13 having a mass equal to
50% of the equivalent mass which generates the recip-
rocating inertial forces F arranged in perfect phase op-
position with the corresponding crank 8 or 9 (i.e. with a
phase angle y1 or y2 which is zero), the reciprocating
inertial forces F generated by the reciprocating motion
of the piston 4 or 5 lie on a circumference.

[0021] As showninfigure 9, when the shaft 6 compris-
es a balancing body 12 or 13 having a mass equal to
50% of the equivalent mass which generates the recip-
rocating inertial forces F arranged at a phase angle y1
ory2 of +45°, the reciprocating inertial forces F generated
by the reciprocating motion of the piston 4 or 5 lie on an
ellipsis the main axis of which is inclined by -34° with
respect to axis z (i.e. with respect to the axis of cylinder
2 or 3).

[0022] As shown infigure 9, when the shaft 6 compris-
es a balancing body 12 or 13 having a mass equal to
43.8% of the equivalent mass which generates the re-
ciprocating inertial forces F arranged at a phase angle
v1 ory2 of +64°, the reciprocating inertial forces F gen-
erated by the reciprocating motion of the piston 4 or 5 lie
on a straight line L1 or L2 which is inclined by -26° with
respect to axis z. As previously mentioned, at this time,
this is the only known balancing body 12 or 13 mass and
phase angle y1 or y2 combination which allows to make
the reciprocating inertial forces F generated by the recip-
rocating motion of the piston 4 or 5 lie on a straight line
L1 or L2 which is inclined by -26° with respect to the axis
z (i.e. with respect to the axis of the cylinder 2 or 3).
[0023] Inthe embodiment shown in the accompanying
figures, the angle o between the cylinders is equal to 52°
and both pistons 4 and 5 are coupled to balancing mass-
es 12 and 13 which are shifted out of phase with respect
to the corresponding cranks 8 and 9 (i.e. are arranged
with phase angles y1 and y2 which are not zero with re-
spect to the corresponding cranks 8 and 9).

[0024] According to alterative embodiments (not
shown and perfectly equivalent), the angle o between
the cylinders can be modified by reversing either only
one of the two phase angles y1 and y2 or both phase
angles y1 and y2 which are not zero; indeed, as men-
tioned above, the angle « between the cylinders must
always be such to allow the parallelism between the two
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straight lines L1 and L2, and by varying the phase angles
y1 and y2 (i.e. by changing the sign of the phase angles
y1 and y2) the inclination angles 31 and B2 which deter-
mine the position of the straight lines L1 and L2 vary as
a consequence.

[0025] According to further embodiments (not shown
and perfectly equivalent), only the piston 4 is coupled to
the balancing body 12, which is shifted out of phase with
respect to the corresponding crank 8 (i.e. which is ar-
ranged by a phase angle y1 which is not zero with respect
to the corresponding crank 8), while the balancing body
13 coupled to the piston 5 is not present.

[0026] By varying the phase angles y1 and y2 by using
the balancing body 13 or not, the angle o between the
cylinders may assume the following values: 26°, 52° (as
shown in the accompanying figures), 64°, 116°, 128°,
154°; such a limitation of the angle o between the cylin-
ders is, as mentioned above, determined by the fact that
the parallelism must always be guaranteed between the
two straight lines L1 and L2.

[0027] In the embodiment described above, the inter-
nal combustion engine 1 comprises only two cylinders 2
and 3 in "V" configuration; according to other embodi-
ments (not shown and perfectly equivalent), the internal
combustion engine 1 comprises a higher number of cyl-
inders 2 and 3 in "V" configuration, and in particular a
higher number of pairs of cylinders 2 and 3 in "V" config-
uration (e.g. four, six, eight or ten cylinders 2 and 3).
[0028] The internal combustion engine 1 described
above has many advantages, because it allows to per-
fectly balance (i.e. to perfectly cancel out) the first order
reciprocating inertial forces (i.e. which have the same
frequency as the rotation of the crankshaft 6) generated
by the reciprocating motion of the pistons 4 and 5 without
using balancing countershafts but only by working on the
balancing masses 12 and 13 added to the crankshaft 6.
[0029] In the internal combustion engine 1 described
above, the second order reciprocating inertial forces (i.e.
those which have a frequency double that of the rotation
frequency of the crankshaft 6) are not balanced (but only
partially reduced); however, the second order reciprocat-
ing inertial forces have a modulus which is approximately
one third of the first order reciprocating inertial forces,
and thus the negative effect is much lower than that of
the first order reciprocating inertial forces.

Claims
1. An internal combustion engine (1) comprising:

at least two cylinders (2, 3), which are arranged
in a "V", so as to form an angle (a) that is not
equal to zero between the cylinders (2, 3);

two pistons (4, 5), each of which is mounted so
as toslide inside a corresponding cylinder (2, 3);
acrankshaft (6), whichis mounted so astorotate
around a rotation axis (7) and is provided with a
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crank shape, so as to present, for each piston
(4, 5), a corresponding crank (8, 9);

two connecting rods (10, 11), each of which
presents an end that is hinged to a correspond-
ing piston (4, 5) and an opposite end that is
hinged to a corresponding crank (8, 9); and

a first balancing body (12), which is fixed to the
crankshaft (6) in correspondence to a first piston
(CO

the internal combustion engine is character-
ised in that the first balancing body (12) is such
that the first order reciprocating inertial forces
generated by the reciprocating motion of the first
piston (4) lie along a first straight line (L1) form-
ing a first inclination angle (p1) that is not equal
to zero with the first cylinder (2);

the combination of the angle («) between the
cylinders with the first inclination angle (B1) is
such that the first straight line (L1), on which the
first order reciprocating inertial forces generat-
ed by the reciprocating motion of the first piston
(4) lie, is parallel to a second straight line (L2),
onwhichthefirstorderreciprocating inertial forc-
es generated by the reciprocating motion of a
second piston (5) lie; and

the crank angles of the two cylinders (2, 3) are
such that the first order reciprocating inertial
forces generated by the reciprocating motion of
the first piston (4) are in phase opposition with
respect to the first order reciprocating inertial
forces generated by the reciprocating motion of
the second piston (5).

Aninternal combustion engine (1) according to claim
1, wherein the radius (R1) connecting the barycentre
(B) of the first balancing body (12) to the rotation axis
(7) of the crankshaft (6) forms a first phase angle
(y1), which is not equal to zero, with the prolongation
of the radius (R2) connecting the crank (8) of the first
piston (4) to the rotation axis (7).

Aninternal combustion engine (1) according to claim
2, wherein the two radii (R1, R2) mutually form and
angle (o) identical to the angle (o) between the two
cylinders (2, 3).

Aninternal combustion engine (1) according to claim
2 or 3, wherein the first phase angle (y1) is equal to
+64°,

Aninternal combustion engine (1) according to claim
2, 3 or 4, wherein the first balancing body (12)
presents a mass that is equal to 43.8% of the equiv-
alent mass generating the reciprocating inertial forc-
es of the first piston (4).

An internal combustion engine (1) according to any
of the claims from 1 to 5 and comprising a second
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10.

1.

balancing body (13), which is fixed to the crankshaft
(6) in correspondence to the second piston (5) and
is such that the second straight line (L2), on which
the first order reciprocating inertial forces generated
by the reciprocating motion of a second piston (5)
lie, forms a second inclination angle (B2) that is not
equal to zero with the second cylinder (3).

An internal combustion engine (1) according to claim
6, wherein the radius (R1) connecting the barycentre
(B) of the second balancing body (13) to the rotation
axis (7) of the crankshaft (6) forms a second phase
angle (y2), which is not equal to zero, with the pro-
longation of the radius (R2) connecting the crank (9)
of the second piston (5) to the rotation axis (7).

An internal combustion engine (1) according to claim
7, wherein the second phase angle (y2) is equal to
+64°.

An internal combustion engine (1) according to claim
7 or 8, wherein the second balancing body (13)
presents a mass that is equal to 43.8% of the equiv-
alent mass generating the reciprocating inertial forc-
es of the second piston (5).

An internal combustion engine (1) according to any
of the claims from 1 to 5, wherein the second piston
(5) is not coupled to any balancing body (13).

An internal combustion engine (1) according to any
of the claims from 1 to 10, wherein the angle (x)
between the cylinders is selected within the following
set: 26°, 52°, 64°, 116°, 128°, 154°.
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