wo 2015/155233 A1 I 0O OO O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/155233 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

15 October 2015 (15.10.2015) WIPOIPCT
International Patent Classification: (81)
F02B 75/04 (2006.01) FI16H 1/00 (2006.01)
International Application Number:

PCT/EP2015/057609

International Filing Date:
8 April 2015 (08.04.2015)

Filing Language: English
Publication Language: English
Priority Data:

14163870.0 8 April 2014 (08.04.2014) EP

Applicant: GOMECSYS B.V. [NL/NL]; Energiestraat
23B1, NL-1411 AR Naarden (NL).

Inventors: DE GOOILJER, Lambertus Hendrik; Schout
109, NL-1412 ND Naarden (NL). WAGENAAR, Sander;
Zuidwal 17, NL-1274 GR Huizen (NL). WAGEN-
VYOORT, Willem-Constant; Westkade 121, NL-1273 RG
Huizen (NL).

Agents: DE VRIES & METMAN et al.; Overschiestraat
180, 1062 XK Amsterdam (NL).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))
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(57) Abstract: An internal combustion engine including variable compres-

sion ratio, comprises a crankcase and a crankshaft including a crankshatt
axis, wherein the crankshatt has at least a central main portion, a crankpin
and a crankshaft web located between the central main portion and the crank-
pin. The crankshaft is supported by the crankcase and rotatable with respect
thereto about the crankshaft axis. The engine also comprises a crank member
being rotatably mounted on the crankpin, and comprising at least a bearing
portion which is eccentrically disposed with respect to the crankpin. The
crank member has an external crank member gear which meshes with an ex-
ternal drive shaft gear which is fixed to a drive shaft that extends through the
crankshaft web and has a driven portion which is located at a side of the
crankshaft web which is opposite to its side where the crankpin is located.
The driven portion is drivably coupled via a first transmission to an interme-
diate member which is rotatably mounted to the crankshaft and rotatable with
respect to the crankshaft about an intermediate member axis extending paral -
lel to the crankshaft axis. The intermediate member is also drivably coupled
to a control shaft portion of a control shaft via a second transmission which
control shaft portion is located at axial distance of the driven portion of the
drive shaft and the control shaft is rotatable with respect to the crankcase
about the crankshaft axis, but which has a fixed rotational position with re-
spect to the crankcase under operating conditions at fixed compression ratio.
The first and second transmissions are configured such and the dimensions of
the crank member gear and the drive shaft gear are selected such that under
said operating conditions the crank member rotates at a rotation frequency
with respect to the crankcase which is half of that of the crankshaft and in the
same rotational direction as the crankshaft as seen from the crankcase.
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An internal combustion engine including variable compression

ratio

The present invention pertains to an internal
combustion engine including variable compression ratio.

An engine with variable compression ratio is well-known
in the field of spark-ignition engines. It provides the
opportunity to operate the engine at high efficiency,
particularly under part-load conditions. Increasing the
compression ratio leads to decreasing fuel consumption. At high-
load or full-load the compression ratio must be lowered in order
to avoid knocking. Several earlier applications of the applicant
disclose internal combustion engines with variable compression
ratio, for example WO 2013/110700.

An object of the invention is to provide an improved
engine.

This is achieved by the internal combustion engine
according to claim 1.

The engine according to the invention has a relatively
simple mechanism at the side of the crankshaft web where the
crankpin is located since the crank member gear directly meshes
with the drive shaft gear without the presence of an
intermediate gear between the crank member gear and the drive
shaft gear. This simplifies the manufacturing and assembly
process of the crankshaft. The engine according to the invention
does comprise the intermediate member, but this is located at a
side of the crankshaft web which is opposite to its side where
the crankpin is located. The intermediate member is drivably
coupled to both the driven portion of the drive shaft and the
control shaft portion of the control shaft. Due to the axial
distance between the driven portion and the control shaft
portion the first and second transmission can be configured in a
compact way at the side of the crankshaft web opposite to its
side where the crankpin is located.

The drive shaft may extend through the central main
portion of the crankshaft such that it extends both through the

crankshaft web and the central main portion.
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The drive shaft may extend concentrically through the
central main portion of the crankshaft. In that case the centre
of the drive shaft coincides with the crankshaft axis.

In a practical embodiment the first transmission is
formed by an external transfer gear that is fixed to the drive
shaft at its driven portion, an external rear intermediate gear
that is fixed to the intermediate member and an external reverse
gear which meshes with both the transfer gear and the rear
intermediate gear, wherein the reverse gear is rotatably mounted
to the crankshaft and rotatable with respect to the crankshaft
about a reverse gear axis extending parallel to the crankshaft
axis and the intermediate member axis.

Furthermore, the second transmission may be formed by
an external control member gear which is fixed to the control
shaft at its control shaft portion and an external front
intermediate gear that is fixed to the intermediate member and
meshes with the control member gear.

The first transmission may extend in a first plane and
the second transmission may extend in a second plane extending
parallel to the first plane.

When the gear ratio between the drive shaft gear and
the crank member gear times the gear ratio between the rear
intermediate gear and the transfer gear times the gear ratio
between the control member gear and the front intermediate gear
is 0.5, the crank member rotates at a rotation frequency with
regpect to the crankcase which is half of that of the crankshaft
and in the same rotational direction as the crankshaft as seen
from the crankcase under operating conditions in which the
control shaft has a fixed rotational position with respect to
the crankcase, i.e. when the engine runs at fixed compression
ratio.

The rear intermediate gear and the front intermediate
gear may have the same number of teeth. Besides, the rear
intermediate gear and the front intermediate gear may form a
common intermediate gear such that the intermediate member
including the front and rear intermediate gears can be made of
one piece.

In an advantageous embodiment the transfer gear and the

drive shaft gear have the same number of teeth. In this case the



10

15

20

25

30

35

WO 2015/155233 PCT/EP2015/057609

gear ratio between the control member gear and the crank member
gear is 0.5, whereas the number of teeth of the other gears can
be selected freely.

For example, the dimensions can be selected such that
the control member gear at least partly overlaps the reverse
gear. Hence, when viewing to the front side of the engine, the
reverse gear may be partly hidden behind the control member
gear. This provides the opportunity to build the first and
second transmission in a compact manner as seen in radial
direction of the crankshaft axis.

The first transmission and second transmission may be
located beyond the central main portion as seen from the
crankshaft web, wherein the intermediate member is rotatably
mounted to a wheel which is fixed to the central main portion of
the crankshaft. In this case the wheel including the
intermediate member can be prepared for efficient assembly of
the crankshaft.

Preferably, the wheel comprises a pulley for driving
auxiliary devices of the engine, whereas the first transmission
and second transmission are at least partially accommodated
within the pulley, since this combination improves the
compactness of the engine further.

The wheel or pulley may be provided with an
intermediate gear shaft and a reverse gear shaft which extend
parallel to the crankshaft axis and to which the intermediate
gear and the reverse gear are rotatably mounted, respectively.

In an alternative embodiment the first transmission
comprises an endless belt, such as a toothed belt or chain,
through which the intermediate member and the driven portion are
coupled, whereas the second transmission is formed by an
external control member gear which is fixed to the control shaft
at its control shaft portion and an external front intermediate
gear that is fixed to the intermediate member and meshes with
the control member gear. In another alternative embodiment the
first transmission is formed by an external transfer gear which
is fixed to the drive shaft at its driven portion and an
external rear intermediate gear that is fixed to the
intermediate member and meshes with the transfer gear, whereas

the second transmission comprises an endless belt, such as a
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toothed belt or chain, through which the intermediate member and
the control shaft portion are coupled.

The invention will hereafter be elucidated with
reference to the schematic drawings showing embodiments of the
invention by way of example.

Fig. 1 is a perspective cut-away view of a part of an
embodiment of an internal combustion engine according to the
invention.

Figs. 2 i1s a similar view as Fig. 1, but showing a part
thereof on a larger scale and from a different side.

Fig. 3 is a similar view as Fig. 2, but showing a part
thereof on a larger scale.

Figs. 4 and 5 are side views of the embodiment as shown
in Fig. 2, wherein in Fig. 4 the control member gear is omitted.

Figs. 6 and 7 are similar views as Fig. 2 of an
alternative embodiment.

Fig. 8 is a similar view as Fig. 3 of the alternative
embodiment as shown in Figs. 6 and 7.

Figs. 9-13 are similar views as Figs. 6 and 7 of
another alternative embodiment.

Fig. 14 is a sectional view of the embodiment as shown
in Fig. 13.

Figs. 15-17 are similar views as Figs. 6 and 7 of still
another alternative embodiment.

Fig. 1 shows a part of an embodiment of an internal
combustion engine 1 according to the invention. Figs. 2-5 show
details of the front part of the engine 1. The engine 1 is a
four-stroke engine and has a variable compression ratio which
provides the opportunity to operate the engine 1 at high
compression ratio under part-load conditions resulting in
improved efficiency. Under high-load conditions the compression
ratio can be lowered in order to avoid knocking. The engine 1
comprises a crankcase 2, which supports a crankshaft 3 by
crankshaft bearings. The crankshaft 3 has a crankshaft axis 4
and is rotatable with respect to the crankcase 2 about the
crankshaft axis 4.

The crankshaft 3 comprises a central main portion 5, a
crankpin 6 and a crankshaft web 7. The crankshaft web 7 is

located between the central main portion 5 and the crankpin 6 as
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seen along the crankshaft axis 4. It is noted that in Fig. 1 the
left side is a front side of the engine 1. Thus, the central
main portion 5 projects from the crankcase 2 at the front side
of the engine 1. At the opposite rear side of the engine 1 a
flywheel (not shown) is fixed to the crankshaft 3. Although Fig.
1 shows a single cylinder the engine 1 may be a multi-cylinder
engine.

The engine 1 comprises a crank member 8 which is
rotatably mounted on the crankpin 6. The crank member 8 is
provided with a bearing portion 9 which is disposed
eccentrically with respect to the crankpin 6, see Fig. 3. The
bearing portion 9 has an outer circumferential wall which bears
a big end 10 of a connecting rod 11. Thus, the connecting rod 11
is rotatably mounted on the crank member 8 via its big end 10.
The connecting rod 11 also includes a small end 12 to which a
piston 13 is rotatably connected.

The crank member 8 is provided with two external crank
member gears 14 at both sides of the bearing portion 9. The
crank member gear 14 located closest to the front side of the
engine 1 is drivably coupled to a control shaft 15 for varying
the rotational position of the crank member 8 at virtual
standstill of the crankshaft 3 under operating conditions. The
control shaft 15 is rotatable with respect to the crankcase 2
about the crankshaft axis 4. The control shaft 15 has a fixed
rotational position with respect to the crankcase 2 under
operating conditions at fixed compression ratio. The control
shaft 15 can be turned by means of a worm gear transmission, for
example, but numerous alternative driving means are conceivable.
The other crank member gear 14 of the crank member 8 is drivably
coupled to a next crank member at a next crankpin (which are not
shown in the drawings), in order to cause all crank members of
the engine 1 to be operated similarly.

The control shaft 15 is provided with a control member
gear 18 at a control shaft portion 16 of the control shaft 15.
The control member gear 18 meshes with a front intermediate gear
17. The front intermediate gear 17 is part of an intermediate
member 20 which is rotatable about an intermediate member axis
21. The intermediate member 20 is rotatably mounted to an

intermediate member shaft 22. The intermediate member 20 1s also
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provided with a rear intermediate gear 19 located at an axial
distance from the front intermediate gear 17, in this case
behind the front intermediate gear 17 as seen from the front
side of the engine 1.

The rear intermediate gear 19 meshes with a reverse
gear 23. The reverse gear 23 1s rotatably mounted to a reverse
gear shaft 24 and rotatable about a reverse gear axis 25.

The reverse gear 23 meshes with a transfer gear 26,
which is fixed to a drive shaft 27 at a driven portion 28
thereof. The drive shaft 27 extends concentrically through the
central main portion 5 and the crankshaft web 7. The driven
portion 28 projects from the central main portion 5 of the
crankshaft 3 at a side of the crankshaft web 7 which is opposite
to its side where the crankpin 6 is located. At a side of the
crankshaft web 7 where the crankpin 6 is located an external
drive shaft gear 29 is fixed to the drive shaft 27, see Fig. 3.
The drive shaft gear 29 meshes with the crank member gear 14
that is located closest to the front side of the engine 1.

The drive shaft 27 is rotatable with respect to the
crankshaft 3 about the crankshaft axis 4 in this case. In an
alternative embodiment it may rotate about a drive shaft axis
that extends parallel to the crankshaft axis 4, i.e. which
extends off centre. The control shaft 15 must be rotated about
the crankshaft axis 4.

The transfer gear 26, the reverse gear 23 and the rear
intermediate gear 19 form a first transmission through which the
driven portion 28 of the drive shaft 27 is drivably coupled to
the intermediate member 20. The mutually meshing gears 26, 23,
19 of the first transmission lie in a first plane perpendicular
to the crankshaft axis 4.

The control member gear 18 and the front intermediate
gear 17 of the intermediate member 20 meshing with the control
member gear 18 form a second transmission through which the
control shaft portion 16 is drivably coupled to the intermediate
member 20. The mutually meshing gears 17 and 18 of the second
transmission lie in a second plane which extends parallel to the
first plane. The control shaft portion 16 at the control member
gear 18 is located at axial distance of the driven portion 28 at

the transfer gear 26. The gap between the control member gear 18
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and the transfer gear 26 may be very small in order to build the
engine 1 compactly in its longitudinal direction.

Fig. 2 shows that the intermediate member shaft 22 and
the reverse gear shaft 24 are part of a pulley 30. The
intermediate member shaft 22 and the third gear shaft 24 extend
parallel to each other and to the crankshaft axis 4. The pulley
30 has an outer circumference for driving a belt so as to drive
auxiliary devices of the engine 1. The pulley 30 is fixed to the
central main portion 5 of the crankshaft 3. Fig. 2 shows that
the control member gear 18, the transfer gear 26, the
intermediate member 20 and the reverse gear 23 are substantially
accommodated within a central recess of the pulley 30.

In the embodiment as shown in Fig. 1-5 the number of
teeth of the crank member gear 14 is 42, of the drive shaft gear
29 is 16, of the transfer gear 26 is 15, of the reverse gear 23
is 15, of the rear intermediate gear 19 is 15, of the front
intermediate gear 17 is 16, and of the control member gear 18 is
21. This means that the gear ratio between the drive shaft gear
29 and the crank member gear 14 is 16/42, the gear ratio between
the rear intermediate gear 19 and the transfer gear 26 is 1, and
the gear ratio between the control member gear 18 and the front
intermediate gear 17 is 21/16. The product of these gear ratios
is 0.5. Consequently, under operating conditions, if the control
member gear 18 has a fixed position the crank member 8 rotates
at a rotation frequency with respect to the crankcase 2 which is
half of that of the crankshaft 3 and in the same rotational
direction as the crankshaft 3 as seen from the crankcase 2.

Fig. 5 shows that the control member gear 18 overlaps
the transfer gear 26 and a part of the reverse gear 23. This is
illustrated in Fig. 4 where the control member gear 18 is
omitted.

Figs. 6-8 show an alternative embodiment of the engine
1. Parts that are similar to those in Figs. 1-7 have the same
reference signs. The embodiment of Figs. 6-8 is also provided
with an intermediate member 20 which is rotatably mounted to an
intermediate member shaft 22 and the front intermediate gear 17
meshes with the control member gear 18. Hence, the second
transmission through which the control shaft portion 16 is

drivably coupled to the intermediate member 20 is similar to the
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embodiment as shown in Figs. 1-5. However, the first
transmission is different. In this case the first transmission
is formed by the transfer gear 26, the rear intermediate gear 19
and a toothed belt 31 which engages the transfer gear 26 and the
rear intermediate gear 19. Due to this configuration a reverse
gear between the transfer gear 26 and the rear intermediate gear
19 is eliminated.

The transfer gear 26 and the rear intermediate gear 19
may be toothed wheels. Alternatively, the transfer gear 26 and
the rear intermediate gear 19 may be replaced by sprockets and
the toothed belt 31 may be replaced by a chain. It is also
possible to change the location of the first and second
transmission such that the second transmission lies behind the
first transmission as seen from the front side of the engine 1.

Figs. 9-14 show still another alternative embodiment.
This embodiment is basically similar to the embodiment as shown
in Figs. 1-5, but comprises three intermediate members 20
including three front intermediate gears 17 and three rear
intermediate gears 19. The intermediate members 20 are rotatably
mounted to respective intermediate member shafts 22, which are
part of the pulley 30 and located at equidistant angles about
the crankshaft axis 4. The front intermediate gear 17 and the
rear intermediate gear 19 of each of the intermediate members 20
are integral common intermediate gears, respectively. This means
that they automatically have the same number of teeth. The front
portions of these common intermediate gears mesh with the
control member gear 18, whereas their rear portions mesh with
regpective reverse gears 23. The three reverse gears 23 mesh
with the transfer gear 26. It will be clear that the engine 1
may have less or more than three intermediate members 20.

In the embodiment as shown in Figs. 9-14 the number of
teeth of the drive shaft gear 29 and the transfer gear 26 are
equal and the gear ratio between the control member gear 18 and
the crank member gear 14 is 0.5. Consequently, under operating
conditions, if the control member gear 18 has a fixed rotational
position the crank member 8 rotates at a rotation frequency with
respect to the crankcase 2 which is half of that of the
crankshaft 3 and in the same rotational direction as the

crankshaft 3 as seen from the crankcase 2. It is noted that the
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number of teeth of the reverse gears 23, the drive shaft gear
29, the transfer gear 26, the common intermediate gear 17, 19
may be freely selected for this rotation behaviour of the crank
member 8, as long as the number of teeth of the drive shaft gear
29 and the transfer gear 26 are equal. This provides a great
freedom of engineering.

Referring to Fig. 9 the dimensions of the gears are
selected such that the control member gear 18 entirely overlaps
the transfer gear 26 and partly overlaps the reverse gears 23.
Hence, the feature that the first transmission and the second
transmission extend in two parallel planes provides the
opportunity to build both transmissions in a compact way in
radial direction of the crankshaft axis, in this case even
accommodated within a central recess of the pulley 30.

Figs. 10-14 show further details of the engine 1 for
closing-off the first and second transmission such that
lubricant from the interior of the engine 1 can flow to both
transmissions. Fig. 10 shows that a bearing support 32 is fixed
to the pulley 30 by means of bolts 33. A roller bearing 34 is
mounted to the bearing support 32 as shown in Fig. 11. Finally,
a cover 36 including an oil seal ring 35 is mounted to the
crankcase 2, see Figs. 12 and 13. Fig. 14 shows that the oil
seal ring 35 envelopes a circumferential wall of the roller
bearing 34. The cover 36 supports the pulley 30 through the
roller bearing 34.

Fig. 14 shows that the control shaft 15 is supported by
the cover 36 by means of needle bearings 37, whereas the drive
shaft 27 is supported in the central main portion 5 of the
crankshaft 3 by means of needle bearings 38, as well. In order
to keep the control shaft aligned with the crankshaft axis 4
under operating conditions, the cover 36 is mounted to the
crankcase 2 via resilient elements; consequently the cover 36
including the control shaft 15 may follow any vibrations of the
crankshaft 3. Furthermore, Fig. 14 illustrates that the pulley
30 is fixed to the crankshaft 3 by means of bolts 39.

Figs. 15-17 show still another alternative embodiment.
This embodiment comprises two intermediate members 20. The
intermediate members 20 are rotatably mounted to respective

intermediate member shafts 22, which are part of the pulley 30
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and located at opposite sides of the crankshaft axis 4. The
front intermediate gear 17 and the rear intermediate gear 19 of
each of the intermediate members 20 form an integral common
intermediate gear 17, 19. This means that they automatically
have the same number of teeth. The front portions of these
common intermediate gears mesh with the control member gear 18
whereas their rear portions mesh with respective reverse gears
23. The two reverse gears 23 mesh with the transfer gear 26.
This is shown in Fig. 16 where the control member gear 18 is
omitted. Fig. 17 illustrates the embodiment of the pulley 30
having two intermediate member shafts 22 and two reverse gear
shafts 24.

From the foregoing, it will be clear that the invention

provides a compact driving mechanism for rotating the crank
member.

The invention is not limited to the embodiments shown
in the drawings and described hereinbefore, which may be varied
in different manners within the scope of the claims and their

technical equivalents.
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CLAIMS

1. An internal combustion engine (1) including

variable compression ratio, comprising

a crankcase (2),

a crankshaft (3) including a crankshaft axis (4),
said crankshaft (3) having at least a central main portion (5),
a crankpin (6) and a crankshaft web (7) located between the
central main portion (5) and the crankpin (6), said crankshaft
(3) being supported by the crankcase (2) and rotatable with
respect thereto about the crankshaft axis (4),

at least a connecting rod (11) including a big
end (10) and a small end (12),

a piston (13) being rotatably connected to the
small end (12),

a crank member (8) being rotatably mounted on the
crankpin (6), and comprising at least a bearing portion (9)
which is eccentrically disposed with respect to the crankpin
(6), and having an outer circumferential wall which bears the
big end (10) of the connecting rod (11) such that the connecting
rod (11) is rotatably mounted on the bearing portion (9) of the
crank member (6) via the big end (10), wherein the crank member
(8) has an external crank member gear (14) which meshes with an
external drive shaft gear (29) which is fixed to a drive shaft
(27) that extends through the crankshaft web (7) and has a
driven portion (28) which is located at a side of the crankshaft
web (7) which is opposite to its side where the crankpin (6) is
located,

wherein the driven portion (28) is drivably
coupled via a first transmission (19, 23, 26, 31) to an
intermediate member (20) which is rotatably mounted to the
crankshaft (3) and rotatable with respect to the crankshaft (3)
about an intermediate member axis (21) extending parallel to the
crankshaft axis (4), and wherein the intermediate member (20) is
also drivably coupled to a control shaft portion (16) of a
control shaft (15) wvia a second transmission (17, 18) which
control shaft portion (16) is located at axial distance of the
driven portion (28) of the drive shaft (27) and the control
shaft (15) is rotatable with respect to the crankcase (2) about
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the crankshaft axis (4), but which has a fixed rotational
position with respect to the crankcase (2) under operating
conditions at fixed compression ratio,

wherein the first and second transmissions are
configured such and the dimensions of the crank member gear (14)
and the drive shaft gear (29) are selected such that under said
operating conditions the crank member (8) rotates at a rotation
frequency with respect to the crankcase (2) which is half of
that of the crankshaft (3) and in the same rotational direction
as the crankshaft (3) as seen from the crankcase (2).

2. An internal combustion engine (1) according to
claim 1, wherein the drive shaft (27) extends through the
central main portion (5) of the crankshaft (3).

3. An internal combustion engine (1) according to
claim 2, wherein the drive shaft (27) extends concentrically
through the central main portion (5) of the crankshaft (3).

4., An internal combustion engine (1) according to one
of the preceding claims, wherein the first transmission is
formed by an external transfer gear (26) that is fixed to the
drive shaft (27) at its driven portion (28), an external rear
intermediate gear (19) that is fixed to the intermediate member
(20) and an external reverse gear (23) which meshes with both
the transfer gear (26) and the rear intermediate gear (19),
wherein the reverse gear (23) is rotatably mounted to the
crankshaft (3) and rotatable with respect to the crankshaft (3)
about a reverse gear axis (25) extending parallel to the
crankshaft axis (4) and the intermediate member axis (21).

5. An internal combustion engine (1) according to one
of the preceding claims, wherein the second transmission is
formed by an external control member gear (18) which is fixed to
the control shaft (15) at its control shaft portion (16) and an
external front intermediate gear (17) that is fixed to the
intermediate member (20) and meshes with the control member gear
(18) .

6. An internal combustion engine (1) according to
claims 4 and 5, wherein the gear ratio between the drive shaft
gear (29) and the crank member gear (14) times the gear ratio

between the rear intermediate gear (19) and the transfer gear
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(26) times the gear ratio between the control member gear (18)
and the front intermediate gear (17) is 0.5.

7. An internal combustion engine (1) according to
claims 4 and 5, wherein the front intermediate gear (17) and the
rear intermediate gear (19) have the same number of teeth.

8. An internal combustion engine (1) according to
claim 7, wherein the rear intermediate gear (19) and the front
intermediate gear (17) form a common intermediate gear

9. An internal combustion engine (1) according to
claim 7 or 8, wherein the transfer gear (26) and the drive shaft
gear (29) have the same number of teeth, whereas the gear ratio
between the control member gear (18) and the crank member gear
(14) is 0.5.

10. An internal combustion engine (1) according to
claim 9, wherein the control member gear (18) at least partly
overlaps the reverse gear (23).

11. An internal combustion engine (1) according to
one of the preceding claims, wherein the first transmission (19,
23, 26, 31) and second transmission (17, 18) are located beyond
the central main portion (5) as seen from the crankshaft web
(7), wherein the intermediate member (20) is rotatably mounted
to a wheel (30) which is fixed to the central main portion (5)
of the crankshaft (3).

12. An internal combustion engine (1) according to
claim 11, wherein the wheel comprises a pulley (30) for driving
auxiliary devices of the engine (1), whereas the first
transmission (19, 23, 26, 31) and second transmission (17, 18)
are at least partially accommodated within the pulley (30).

13. An internal combustion engine (1) according to
claims 8 and 11, wherein the wheel (30) is provided with an
intermediate member shaft (22) and a reverse gear shaft (24)
which extend parallel to the crankshaft axis (4) and to which
the intermediate gear (19) and the reverse gear (23) are
rotatably mounted, respectively.

14. An internal combustion engine (1) according to
claims 1, 4 and 5, wherein the first transmission comprises at
least another intermediate member (20) including an external
front and rear intermediate gear (17, 19) and another external

reverse gear (23), wherein said rear intermediate gear (19) and
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reverse gear (23) also mesh with the transfer gear (26), and
said front intermediate gear (17) meshes with the control member
gear (18).

15. An internal combustion engine (1) according to one
of the claims 1-3, wherein the first transmission comprises an
endless belt (31), such as a toothed belt or chain, through
which the intermediate member (20) and the driven portion (28)
are coupled, whereas the second transmission is formed by an
external control member gear (18) which is fixed to the control
shaft (15) at its control shaft portion (16) and an external
front intermediate gear (17) that is fixed to the intermediate
member (20) and meshes with the control member gear (18), or
wherein the first transmission is formed by an external transfer
gear (26)_which is fixed to the drive shaft (27) at its driven
portion (28) and an external rear intermediate gear (19) that is
fixed to the intermediate member (20) and meshes with the
transfer gear (26), whereas the second transmission comprises an
endless belt (31), such as a toothed belt or chain, through
which the intermediate member (20) and the control shaft portion

(16) are coupled.
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