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(57) Abstract: The gearbox comprises: a first inner input shaft (10) which carries driving gearwheels (21, 23, 27) associated to the
odd gears (I, I1I, V, VII); a second outer input shaft (12) carries driving gearwheels (22, 24) associated to the even gears (II, IV, VI)
& and to reverse gear (R); and first and second output shafts (14, 16) carrying idle driven gearwheels (31-38). A first driving gearwheel
& (21) meshes only with the driven gearwheel (31) of first gear (I); a second driving gearwheel (23) meshes both with the driven
(g gearwheel (33, 35) of third gear (IIT) and of fifth gear (V); a third driving gearwheel (27) meshes only with the driven gearwheel
O (37) of seventh gear (VII); a fourth driving gearwheel (24) meshes both with gearwheel (34, 36) of fourth gear (IV) and of sixth gear
(VD); and fifth driving gearwheel (22) meshes with the driven gearwheel (32) of second gear (II) and, via this latter, with the driven

gearwheel (38) of reverse gear (R).
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Seven-gear gearbox for a motorcar double clutch transmission

The present invention relates to a seven-gear gearbox for a
motorcar double clutch transmission, having the characteris-
tics specified in Claim 1.

Gearboxes for motorcar double clutch transmissions are known,
which comprise: .

first and second coaxial input shafts, that is, an inner
input shaft and an outer input shaft, respectively, intended
to be selectively coupled to a drive shaft of the vehicle by
means of first and second friction clutches, respectively;

first and second output shafts arranged parallel to the
two input shafts on opposite sides with respect to these
latter;

a first set of driving gearwheels associated to the odd
gears, mounted on the first input shaft so as to rotate
integrally therewith;

a second set of driving gearwheels associated to the
even gears, mounted on the second input shaft so as to rotate
integrally therewith;

a plurality of driven gearwheels idly mounted on the
output shafts and meshing each permanently with a correspond-
ing driving gearwheel to realize a given gear; and

coupling means, such as generally sliding sleeves, for
connecting the driven gearwheels for rotation with the re-

spective output shaft.

It is the object of the present invention to provide a gear-
box of the above-mentioned type, which has a more compact
stfucture, in particular a smaller axial size, and which can
be easily adapted with few changes to motor vehicles of
different performances.

This object is fully achieved according to the invention by
means of a gearbox having the characteristics set forth in
the characterising portion of Claim 1.
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Further advantageous characteristics of the invention are set
forth in the dependent claims.

In short, the invention is based on the idea of providing a
seven-gear gearbox for a motorcar double clutch transmission,
in which: |

a first driving gearwheel, carried by the first input
shaft, meshes permanently only with the driven gearwheel of
first gear;

a second driving gearwheel, carried by the first input
shaft, meshes permanently both with the driven gearwheel of
third gear and with the driven gearwheel of fifth gear;

a third driving gearwheel, carried by the first input
shaft, meshes permanently only with the driven gearwheel of
seventh gear;

a fourth driving gearwheel, carried by the second input
shaft, meshes permanently both with the driven gearwheel of
fourth gear and with the driven gearwheel of sixth gear; and

a fifth driving gearwheel, carried by the second input
shaft, meshes permanently with the driven gearwheel of second
gear and, indirectly, via the driven gearwheel of second gear
and/or further intermediate gearwheels, with the driven

gearwheel of reverse gear.

Since the second and reverse gears, the fourth and sixth
gears, and the third and fifth gears are shared, that is,
they share two by two the same driving gearwheel, the gearbox
has a small axial size. Moreover, since the first gear and
the seventh gear, if present, are not shared, it is possible
to replace easily, without being it necessary to redesign the
whole gearbox architecture, the gear pair of first gear and
the gear pair of seventh gear in order to adapt the gearbox
to the specific required application.

For instance, depending upon the applications the seventh
gear can be set as the gear in which the motor vehicle
reaches the maximum speed or as the gear in which the motor
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vehicle has its smallest fuel consumption, without being it
necessary to intervene on the remaining gear ratios of the
gearbox. In the same way, in order to adapt the gearbox to
different requirements of the motor wvehicle in terms of
starting acceleration and/or maximum climbable gradient, it

suffices to modify only the gear pair of first gear.

Further characteristics and advantages of the invention will
become apparent from the detailed description which follows,
given purely by way of non-limiting example with reference to
the appended drawings, in which:

Figure 1 is a section view of a seven-gear gearbox for a
motorcar double clutch transmission according to a preferred
embodiment of the invention;

Figure 2 is a section view of a second embodiment of a
seven-gear gearbox for a motorcar double clutch transmission
according to the invention;

Figure 3 is a section view of the gear set of reverse
gear according to a variant of construction of the gearbox of
Figure 1; and

Figure 4 is a section view of the gear set of reverse
gear according to a variant of construction of the gearbox of
Figure 2.

The gear sets corresponding to the different forward gears of
the transmission are indicated in the figure by the Roman
numerals I, II, III, IV, V, VI and VII, for the first, sec-
ond, third, fourth, fifth, sixth and seventh gears, respec-
tively, while the gear set of reverse gear is indicated by
the letter R.

With reference first to Figure 1, a seven-gear gearbox for a
motorcar double clutch transmission, intended in particular
to be used in high-performance motor vehicles, basically
comprises:

a first inner input shaft 10, which can be coupled for
rotation to a drive shaft of the vehicle (not illustrated) by
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meéns of a first friction clutch (not illustrated), said
drive shaft and said first friction clutch being arranged on
the right-hand side of the gearbox relative to an observer of
Figure 1;

a second outer input shaft 12, which is arranged coaxial
with the first input shaft 10 and can be coupled for rotation
to the drive shaft of the vehicle by means of a second fric-
tion clutch (not illustrated), also arranged on the right-
hand side of the gearbox relative to the observer of Figure
1; and

a first output shaft 14 and a second output shaft 16,
arranged parallel to the two input shafts 10 and 12.

The first input shaft 10 carries, in the order from left to
right relative to the point of view of an observer of Figure
1, a driving gearwheel 27 associated to the seventh gear, a
driving gearwheel 21 associated to the first gear and a
driving gearwheel 23 associated to the third and the fifth
gears. In the illustrated embodiment, the three driving
gearwheels 21, 23 and 27 mounted on the first input shaft 10
are all fast for rotation with this shaft. Moreover, the two
gearwheels 21 and 23 are formed as a single piece with the
shaft 10.

The second input shaft 12 carrxies, in the order from left to
right relative to the point of view of an observer of Figure
1, a driving gearwheel 24 associated to the fourth and fifth
gears and a driving gearwheel 22 associated to the second
gear and to the reverse gear. In the illustrated embodiment,
the driving gearwheels 22 and 24 mounted on the second input
shaft 12 are both fast for rotation with this shaft and are
also formed as a single piece therewith.

The first output shaft 14 carries, in the order from left to
right relative to the point of view of an observer of Figure
1, a driven gearwheel 37 permanently meshing. with the driving
'gearwheel 27 carried by the first input shaft 10 to realize
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the seventh gear, a driven gearwheel 35 permanently meshing
with the driving gearwheel 23 carried by the first input
shaft 10 to realize the fifth gear, a driven gearwheel 36
permanently meshing with the driving gearwheel 24 carried by
the second input shaft 12 to realize the sixth gear, a driven
gearwheel 32 permanently meshing with the driving gearwheel
22 carried by the second input shaft 12 to realize the second
gear and also acting as intermediate wheel of the gear set of
reverse gear, and a final reduction pinion 40.

The driven gearwheels 37, 35, 36 and 32 are idly mounted on
the first output shaft 14, whereas the final reduction pinion
40 is fast for rotation with this shaft. A first coupling
sleeve 44 of a multi-cone synchroniser is mounted on the
first output shaft 14 between the two idle driven wheels 37
and 35 and is selectively movable to the left or to the right
to couple the wheel 37 or the wheel 35, respectively, to the
shaft 14, thereby engaging the seventh gear or the fifth
gear, respectively. A second coupling sleeve 46 of a multi-
cone synchroniser is mounted on the first output shaft 14
between the two idle driven wheels 36 and 32 and is selec-
tively movable to the left or to the right to couple the
wheel 36 or the wheel 32, respectively, to the shaft 14,
thereby engaging the sixth gear or the second gear, respec-
tively.

The second output shaft 16 carries, in the order from left to
right relative to the point of view of an observer of Figure
1, a driven gearwheel 31 permanently meshing with the driving
gearwheel 21 carried by the first input shaft 10 to realize
the first gear, a driven gearwheel 33 permanently meshing
with the driving gearwheel 23 carried by the first input
shaft 10 to realize the third gear, a driven gearwheel 34
permanently meshing with the driving gearwheel 24 carried by
the second input shaft 12 to realize the fourth gear, a
driven gearwheel 38 permanently meshing with the gearwheel 32
carried by the first output shaft 14 to realize the reverse
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gear, and a final reduction pinion 42.

The driven gearwheels 31, 33, 34 and 38 are idly mounted on
the second output shaft 16, whereas the final reduction
pinion 42 is fast for rotation with this shaft. A third
coupling sleeve 48 of a multi-cone synchroniser is mounted on
the second output shaft 16 between the two idle driven wheels
31 and 33 and is selectively movable to the left or to the
right to couple the wheel 31 or the wheel 33, respectively,
to the shaft 16, thereby engaging the first gear or the third
gear, respectively. A fourth coupling sleeve 50 of a multi-
cone synchroniser is mounted on the second output shaft 16
between the two idle driven wheels 34 and 38 and is selec-
tively movable to the left or to the right to couple the
whéel 34 or the wheel 38, respectively, to the shaft 16,
thereby engaging the fourth gear or the reverse gear, respec-
tively.

In the embodiment illustrated in Figure 1, the assembly of
the two input shafts 10 and 12 is mounted on a gear case 52
(only partially shown) by means of three axially spaced
supports, namely: A ,

a first end support comprising a ball bearing 54 fitted
between the gear case 52 and an end portion of the first
input shaft 10 opposite the input/output side of the gearbox;

a second end support comprising a ball bearing 56, fit-
ted between the gear case 52 and a portion of the second
input shaft 12 facing the input/output side of the gearbox
and adjacent the driving gearwheel 22, and a roller cage 57
radially interposed between the two input shafts 10 and 12 in
a position essentially axially aligned or superimposed with
respect to the ball bearing 56; and

a third intermediate support comprising a pair of roller
bearings 58 and 60 axially aligned or superimposed, placed at
the end of the second input shaft 12 opposite the in-
put/output side of the gearbox, essentially equally spaced
from the first and the second bearing, wherein the roller
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bearing 58 is radially interposed between the first input
shaft 10, next to the driving gearwheel 23, and an annular
préjection 62 formed by the second input shaft 12, while the
roller bearing 60 is radially interposed between the annular
projection 62 and a portion of the gear case 52.

The radial loads acting on the two input shafts 10 and 12 are
born by all the above-mentioned bearings, while the two ball
bearings 54 and 56 bear also the axial loads, in addition to
the radial loads.

Since three supporting points are provided, the gearbox is
capable of satisfying any requirement of maximum torque in
view of its use on high-performance vehicles. Moreover, by
virtue of the particular superimposed arrangement of the two
roller bearings 58 and 60 forming the intermediate support of
the two input shafts 10 and 12, the gearbox has yet a small

axial size.

Also the two output shafts 14 and 16 are each supported by
means of three supports, which are axially aligned or super-
imposed with the supports of the two input shafts 10 and 12.
More specifically, the first output shaft 14 is supported at
its ends by means of a roller bearing 64 and a ball bearing
66, axially aligned or superimposed with the end bearings 54
and 56, respectively, of the two input shafts 10 and 12, and
in its intermediate portion by means of a roller bearing 68,
axially aligned or superimposed with the two intermediate
bearings 58 and 60 of the input shafts 10 and 12. In the same
way, the second output shaft 16 is supported at its ends by
means of a roller bearing 70 and a ball bearing 72, axially
aligned or superimposed with the end bearings 54 and 56,
respectively, of the two input shafts 10 and 12, and in its
intermediate portion by means of a roller bearing 74, axially
aligned or superimposed with the two intermediate bearings 58
and 60 of the input shafts 10 and 12.
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A second embodiment of the invention is illustrated in Figure
2, where parts and elements identical or corresponding to
those of Figure 1 have been given the same reference numer-
als.

This second embodiment differs from the first substantially
only in the way of supporting the two input shafts 10 and 12
and the two output shafts 14 and 16.

In this case, in_fact, the assembly of the two input shafts
10 and 12 is supported by the gear case 52 only by means of
two end supports, comprising a ball bearing 54 fitted on an
end portion of the first input shaft 10 opposite the in-
put/output side of the gearbox and a ball bearing 56 fitted
on a portioh of the second input shaft 12 adjacent the in-
put/output side of the gearbox. Moreover, a roller bearing 76
is arranged in a position essentially equally spaced from the
two bearings 54 and 56 and provides a mutual support between
the two input shafts 10 and 12, while a roller cage 57 ra-
dially interposed between the two input shafts 10 and 12 is
arranged in a position axially aligned or superimposed rela-
tive to the ball bearing 56. Finally, a roller cage 78 axi-
ally interposed between.the two input shafts 10 and 12, in
particular between the driving gearwheels 23 and 24, is
arranged in the vicinity of the roller bearing 76 to bear the
axial loads exchanged between these shafts.

The ball bearings 54 and 56 bear both the radial loads and
the axial loads, the roller bearing 76 and the roller cage 57
bear the radial loads, and the roller cage 78 bears the axial
loads.

The output shafts 14 and 16 are supported only at their ends
by  two téper roller bearings 64 and 66 and by two taper
roller bearings 70 and 72, respectively, as the intermediate
supports 68 and 74 have been omitted with respect to the
first embodiment.
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Two variants of construction of a seven-gear gearbox for a
motorcar double clutch transmission according to the inven-
tion are partially illustrated in Figures 3 and 4, where
parts and elements identical or corresponding to those of
" Figures 1 and 2 have been given the same reference numerals.
These two variants of construction differ from the first two
embodiments described above substantially only in the way of
arranging the gear set of reverse gear.

In particular, in the variant of construction of Figure 3 the
gear set of reverse gear is composed of the driving gearwheel
~ 22 carried by the second input shaft 12, of a pair of gear-
wheels 80 and 82 drivingly connected with each other and idly
mounted on a lay shaft 84, and of the driven gearwheel 38
idly mounted on the second output shaft 16. The two gear-
wheels 80 and 82, which permanently mesh with the driving
gearwheel 22 and with the driven gearwheel 38, respectively,

thus act as idle wheels in the gear set of reverse gear.

On the other hand, in the variant of construction of Figure 4
the gear set of reverse gear is composed of the driving
gearwheel 22 carried by the second input shaft 12, of the
driven gearwheel 32 of second gear, idly mounted on the first
output shaft 14, of a gearwheel 86 also idly mounted on the
first output shaft 14 and drivingly connected with the gear-
wheel 32, and of the driven gearwheel 38 idly mounted on the
second output shaft 16. The two gearwheels 32 and 86, which
permanently mesh with the driving gearwheel 22 and with the
driven gearwheel 38, respectively, thus act as idle wheels in
the gear set of reverse gear.

Naturally, the principle of the invention remaining un-
changed, embodiments and manufacturing details may vary
widely from those described and illustrated purely by way of
non-limiting example.

For example, conical bearings could also be used wholly or
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partially for the bearings 54, 56, 58, 60, 64, 66, 70, 72, 76
and 78.

Moreover, the axial positions of the gear sets carried by the
inner input shaft 10 could be swapped with respect to those
iliustrated in Figures 1 and 2. For example, the gear set of
first gear could be switched with the gear set of seventh
gear or with the gear set of third and fifth gear.
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CLAIMS

1. Seven-gear gearbox for a motorcar double clutch trans-
mission, comprising:

a first inner input shaft (10) and a second outer input
shaft (12) arranged coaxial to the first;

first and second output shafts (14, 16);

a first group of driving gearwheels (21, 23, 27) associ-
ated to the odd gears (I, III, V, VII), carried by the first
input shaft (10) so as to be drivingly connected for rotation
therewith;

a second group of driving gearwheels (22, 24) associated
to the even gears, carried by the second input shaft (12) so
as to be drivingly connected for rotation therewith;

a first group of driven gearwheels (32, 35, 36, 37) idly
mounted on the first output shaft (14) and.arranged to be
driven to rotate each by a corresponding driving gearwheel
(22, 23, 24, 27) to realize a given gear (II, V, VI, VII);

a second group of driven gearwheels (31, 33, 34, 38)
idly mounted on the second output shaft (16) and arranged to
be driven to rotate each by a corresponding driving gearwheel
(21, 23, 24, 22) to realize a given gear (I, III, IV, R);

the gearbox being characterised in that:

- said first group of driving gearwheels includes a first
driving gearwheel (21) associated to the first gear (I), a
second driving gearwheel (23) associated both to the third
gear (III) and to the fifth gear (V), and a third driving
gearwheel (27) associated to the seventh gear (VII);

said second group of driving gearwheels includes a
fourth driving gearwheel (22) associated both to the second
‘gear (II) and to the reverse gear (R), and a fifth driving
gearwheel (24) associated both to the fourth gear (IV) and to
the sixth gear (VI); »

said first group of driven gearwheels includes a first
driven gearwheel (37) meshing with said third driving gear-
wheel (27) to realize the seventh gear (VII), a second driven
gearwheel (35) meshing with said second driving gearwheel
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(23) to realize the fifth gear (V), a third driven gearwheel
(36) meshing with said fifth driving gearwheel (24) to real-
ize the sixth gear (VI), and é fourth driven gearwheel (32)
meshing with said fourth driving gearwheel (22) to realize
the second gear (II); and .

said second group of driven gearwheels includes a fifth
driven gearwheel (31) meshing with said first driving gear-
wheel (21) to realize the first gear (I), a sixth driven
gearwheel (33) meshing with said second driving gearwheel
(23) to realize the third gear (III), a seventh driven gear-
wheel (34) meshing with said fifth driving gearwheel (24) to
realize the fourth gear (IV), and an eighth driven gearwheel
(38) arranged to be driven to rotate by said fourth driving

gearwheel (22) to realize the reverse gear (R).

2. Gearbox according to Claim 1, wherein said eighth driven
gearwheel (38) meshes with said fourth driven gearwheel (32)
in such a manner that upon engagement of the reverse gear (R)
the driving torque is transmitted from the fourth driving
gearwheel (22) to the fourth driven gearwheel (32) and from
this one to the eighth driven gearwheel (38).

3. Gearbox according to Claim 1, further comprising a lay
shaft (84) on which are idly mounted first and second inter-
mediate gearwheels of reverse gear (80, 82), fast for rota-
tion with each other, wherein said first intermediate gear-
wheel (80) permanently meshes with the fourth driving gear-
wheel (22) and said second intermediate gearwheel (82) perma-
nently meshes with the eighth driven gearwheel (38).

4.  Gearbox according to Claim 1, further comprising an
intermediate gearwheel of reverse gear (86) which is idly
mounted on ‘the first output shaft (14), is fast for rotation
with the fourth driven gearwheel (32) and permanently meshes
with the eighth driven gearwheel (38).

5. Gearbox according to any one of the preceding claims,
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further comprising: A

a first coupling sleeve (44) of a synchroniser, arranged
to couple selectively the first and second driven gearwheels
(37, 35) for rotation with the first output shaft (14) to
engage the seventh gear (VII) or the fifth gear (V), respec-
tively;

a second coupling sleeve (46) of a synchroniser, ar-
ranged to couple selectively the third and fourth driven
gearwheels (36, 32) for rotation with the first output shaft
(14) to engage the sixth gear (VI) or the second gear (II),
respectively; |

a third coupling sleeve (48) of a synchroniser, arranged
to couple selectively the fifth and sixth driven gearwheels
(31, 33) for rotation with the second output shaft (16) to
engage the first gear (I) or the third gear (III), respec-
tively; and

a fourth coupling sleeve (50) of a synchroniser, ar-
ranged to couple selectively the seventh and eighth driven
geérwheels (34, 38) for rotation with the second output shaft
(16) to engage the fourth Qear (IV) or the reverse gear (R),

respectively.

6. Gearbox according to any one of the preceding claims,
wherein the first and third driving gearwheels (21, 27) are
arranged adjacently at en and of the first input shaft (10)
opposite an input/output side of the gearbox.

7. Gearbox according to any one of the preceding claims,
wherein the assembly of the two input shafts (10, 12) is
supported on a gear case (52) by means of:

a first end support comprising a bearing (54) fitted be-
tween the gear case (52) and an end portion of the first
input shaft (10) opposite an input/output side of the gear-
bok; and

a second end support comprising a bearing (56) fitted
between the gear case (52) and a portion of the second input
shaft (12) facing the input/output side of the gearbox.
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8. Gearbox according to Claim 7, wherein the assembly of
the two input shafts (10, 12) is also supported on the gear
case (52) by means of a third intermediate support comprising
a first bearing (58) radially interposed between the two
input shafts (10, 12) and a second bearing (60) fitted be-
tween the second input shaft (12) and the gear case (52),
said first and second bearings (58, 60) being axially aligned

or superimposed.

9.  Gearbox according to Claim 8, wherein said third inter-
mediate support (58, 60) is placed essentially equally spaced
from the first and second end supports (54, 56, 57).

10. Gearbox according to any one of Claims 7 to 9; wherein
said first and second end supports comprise each a ball
bearing (54, 56).

11. Gearbox according to any one of Claims 8 to 10, wherein
the bearings (58, 60) forming said third intermediate support
are ball bearings or roller bearings.

12. Gearbox according to Claim 7, further comprising an
intermediate bearing (76) arranged to provide a mutual sup-
port between the two input shafts (10, 12), in a position
essentially equally spaced from the bearings (54, 56) of said

first and second end supports.

13. Gearbox according to Claim 12, further comprising a
roller cage (57) radially interposed between the two input
shafts (10, 12) in axially aligned or superimposed arrange-
ment relative to the bearing (56) of said second end support,
as well as a roller cage (78) axially interposed between the
two input shafts (10, 12) in the vicinity of said intermedi-
ate bearing (76).

14. Gearbox according to any one of the preceding claims,
wherein the two output shafts (14, 16) are supported on a
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gear case (52) each by means of a pair of end supports (64,
66, 70, 72).

15. Gearbox according to Claims 7 and 14, wherein the end
supports (64, 66, 70, 72) of the two output shafts (14, 16)
are axially aligned or superimposed each with a respective
end support (54, 56) of the two input shafts (10, 12).

16. Gearbox according to Claim 14 or Claim 15, wherein said
end supports (64, 66, 70, 72) of the two output shafts (14,
16) are taper roller bearings.

17. Gearbox according to any one of Claims 14 to 16, wherein
the two output shafts (14, 16) are also supported on the gear
case (52) by means of a third intermediate support (68, 74).

18. Gearbox according to Claim 17, wherein said third inter-
mediate supports (68, 74) of the two output shafts (14, 16)
are axially aligned or superimposed with said third interme-
diate support of the two input shafts (10, 12).
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