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(57) Abstract: The invention relates to a gearbox for vehicles, comprising a split gearbox (15C), a main gearbox (15A) and a range
gearbox (15B), which is shittable into a low range gear, a high range gear and a reverse gear; the range gearbox (15B) comprising a
planetary gear (14) with a ring gear wheel (22), a sun gear wheel (18) and a planet carrier (20), on which at least one planet gear wheel
(24) is rotatable mounted, which ring gear wheel (22) and sun gear wheel (18) engage with the at least one planet gear wheel (24); a
gearbox housing (12) surrounding the planetary gear (14); a first axially movable coupling sleeve (42) arranged to engage the planet
carrier (20) with the gearbox housing (12); and a second axially movable coupling sleeve (43) arranged to engage the ring gear wheel
(22) with an output shaft (28) for achieving the reverse gear in the gearbox (2). The split gearbox (15C) and the main gearbox (15A)
are together arranged to have a combined largest gear ratio which is larger than the gear ratio in the planetary gear (14) in the range
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A GEARBOX FOR VEHICLES

BACKGROUND AND PRIOR ART

The present invention relates to a gearbox for vehicles and to a vehicle comprising

such a gearbox according to the appended claims.

In vehicles, and especially for heavier vehicles such as trucks, the gearbox compris-
es a main gearbox and often also a range gearbox which is connected to the main
gearbox. The range gearbox doubles the number of gears in the gearbox. The range
gearbox usually includes a planetary gear, which has a low gear and a high gear, so
that the gearbox can be divided into a low range gear position and a high range gear
position. In the low range gear position a downshift takes place through the planetary

gear, and in the high range gear position the gear ratio is 1:1 in the planetary gear.

The range gearbox is usually provided between the main gearbox and a propeller
shaft coupled to the drive wheels of the vehicle. The range gearbox is accommodat-
ed in a gearbox housing and comprises an input shaft coupled to the main gearbox,
an output shaft and between the input shaft and the output shatft is the planetary gear
disposed. The planetary gear usually comprises three components, which are rotata-
ble arranged relative to each other namely a sun gear wheel, a planet carrier with
planet gear wheels and a ring gear wheel. With knowledge of the number of teeth of
the sun gear wheel and the ring gear wheel the relative speed of the three compo-
nents can be determined during operation. In a range gearbox the sun gear wheel
can be rotatable connected to the input shaft, a number of planet gear wheels which
engage said sun gear wheel, which planet gear wheels are rotatable mounted on the
planet carrier which is fixedly connected to the output shaft, and an axially displacea-
ble ring gear wheel which surrounds and engages the planet gear wheels.

In a known range gearbox the low range gear position and high range gear position
are obtained by displacing the ring gear wheel axially between the low range gear
position, in which the ring gear wheel is rotationally locked relative to the gearbox
housing, and high range gear position in which the ring gear wheel is rotatable rela-
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tive to the gearbox housing and where the ring gear wheel, the planet gear wheels
and the sun gear wheel rotate as a common unity. The known planetary gear com-
prises two on each side of the ring gear wheel arranged coupling rings and two syn-
chronizing rings arranged on each side of the ring gear wheel. Synchronizer rings is
to provide a synchronous shift.

The document WO0155620 discloses a synchronization device in a planetary gear in
a range gearbox. The planetary gear includes a sun gear wheel, a planet carrier and
a ring gear wheel. The sun gear wheel is rotatable connected with the input shaft and
a number of planet gear wheels engaging with the sun gear wheel, which planet gear
wheels are rotatable mounted on the planet carrier, which is connected to the output
shaft. An axially displaceable ring gear wheel surrounds and meshes with the planet
gear wheels. Low and high gear are obtained by the ring gear wheel is displaced axi-
ally between low range gear and high range gear.

However, there are range gearboxes in which the synchronization devices are re-
placed with coupling sleeves provided with splines. By controlling the transmission to
synchronous speed between the two components to be engaged an axial displace-
ment of the coupling sleeve along the two components is made possible in order to
connect them. When the components should be detached the transmission is con-
trolled so that torque balance occurs between the components so that the coupling
sleeve is not transmitting torque. It then becomes possible to move the coupling

sleeve along the components in order to disengage them from each other.

The document US6196944 shows a planetary gear comprising a sun gear wheel, a
planet carrier with planet gear wheels and a ring gear wheel. The sun gear wheel
may be connected to the input shaft by means of a coupling sleeve in a low range
gear position and disengaged from the input shaft in a high range gear position. In
the high range gear position the input shaft is connected to of the planet carrier by
means of the same coupling sleeve. The ring gear wheel is firmly connected to a
gearbox housing. The known planetary gear is arranged in an auxiliary gearbox, hav-

ing only two gear positions.
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The reverse gear in a transmission in a vehicle are often arranged in the main gear-
box, which then comprises a gear which is engaged when the vehicle is to be driven
in the reversed direction. The gear wheel, which is intended for the reverse gear,
causes an elongation of the main gearbox, and an undesired increase in weight of

the vehicle.

The document WO2015/183153A1 shows a gearbox for vehicles comprising a range
gearbox provided with a first, second and third axially movable coupling sleeves act-
ing on a planetary gear in the range gearbox. Depending on the axial position of the

coupling sleeves a reverse gear in the gearbox may be achieved.

The range gearbox must have a diameter and a weight within reasonable limits. If the
diameter of the planetary gear in the range gearbox is too large the gearbox will not
fit in a vehicle due to geometrical and design limits of the vehicle. An increased di-
ameter of the planetary gear in the range gearbox also results in an increased weight
which results in an increased overall weight of the vehicle. This may lead to an in-
creased fuel consumption of the vehicle.

When the planetary gear in the range gearbox is designed with a limited diameter the
gear ratio in the range gearbox will be limited to a certain amount. This may affect the
driveability of the vehicle in the reverse direction since the vehicle may not be driven
with a velocity low enough in the reverse direction when a clutch between an engine

and the gearbox is completely engaged.

Since the gearbox must transmit a considerable amount of torque the gear ratio may
not be increased by minimizing the diameter of the sun gear wheel. If the sun gear
wheel has a very small diameter it may not withstand the considerable amount of
torque needed. Also, by using a small sun gear wheel the diameter of the planet gear
wheels may get into physical contact with each other due to an increased diameter of
the planet gear wheels.
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SUMMARY OF THE INVENTION

There is a need to further develop a gearbox provided with a reverse gear in a range
gearbox. There is also a need to develop a gearbox where all components in the
gearbox are utilized effectively so that low energy is required when shifting. There is
also a need to develop a gearbox, which exhibits small dimensions relative to the
possible transmission of torque. Also, there is a need to develop a gearbox which
brings the overall components in the gearbox to a minimum in order to save manu-

facturing and repair costs.

The object of the present invention is therefore to further develop a gearbox provided

with a reverse gear in a range gearbox.

Another object of the present invention is to provide a gearbox which brings the
overall components in the gearbox to a minimum in order to save manufacturing and

repair costs.

A further object of the invention to provide a gearbox that utilizes all of the transmis-
sion components effectively.

A further object of the invention is to provide a gearbox, having small dimensions in

relation to possible transmission of torque.

A further object of the present invention is to provide a gearbox which requires low
energy for shifting.

These objects are achieved with the above-mentioned gearbox according to the ap-
pended claims.

According to an aspect of the invention a gearbox for vehicles is provided. The gear-
box comprises a split gearbox, a main gearbox and a range gearbox, which is shifta-
ble into a low range gear, a high range gear and a reverse gear; the range gearbox
comprising a planetary gear with a ring gear wheel, a sun gear wheel and a planet
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carrier, on which at least one planet gear is rotatable mounted, which ring gear wheel
and sun gear wheel engage with the at least one planet gear; a gearbox housing sur-
rounding the planetary gear; a first axially movable coupling sleeve arranged to en-
gage the planet carrier with the gearbox housing; and a second axially movable cou-
pling sleeve arranged to engage the ring gear wheel with an output shatft for achiev-
ing the reverse gear in the gearbox. The split gearbox and the main gearbox are to-
gether arranged to have a combined largest gear ratio, which is larger than the gear
ratio in the planetary gear in the range gearbox when the planetary gear is shifted
into the reverse gear.

The vehicle may be driven in the reverse direction when the planetary gear in the
range gearbox is shifted into the reverse gear. When the gear ratio in the split gear-
box and the main gearbox together have a combined largest gear ratio, which is
larger than the gear ratio in the planetary gear in the range gearbox, when the plane-
tary gear is shifted into the reverse gear, the driveability of the vehicle in the reverse
direction may be acceptable even though a clutch between an engine and the gear-
box is completely engaged. With such a combined or common gear ratio in the split
gearbox and the main gearbox in relation to the gear ratio in the range gearbox, the
vehicle may be driven in the reverse direction in a velocity which is low enough to
have control over the vehicle. With such a combined gear ratio the range gearbox
may have a limited diameter and still the driveability of the vehicle in the reverse di-
rection is not affected. A limited diameter of the range gearbox will bring the overall
components in the gearbox to a minimum, and thus manufacturing and repair costs
will be saved. The sun gear wheel in the planetary gear may be provided with a di-
ameter which withstands the considerable amount of torque needed. Thus, there is
no need to increase the gear ratio of the planetary gear in the range gearbox by min-
imizing the diameter of the sun gear wheel.

The gearbox is also designed so that the combined or common gear ratio in the split
gearbox and the main gearbox have a ratio spread that is large enough to drive the
vehicle in the reverse direction in a velocity which is low enough to have control over
the vehicle. The definition of the ratio spread is the largest common gear ratio of the
split gearbox and the main gearbox divided with the minimum common gear ratio of
the split gearbox and the main gearbox.
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According to a further aspect of the invention the split gearbox and the main gearbox
are together arranged to have a combined largest gear ratio over 4:1 and the plane-
tary gear in the range gearbox is arranged to have a gear ratio less than 4:1 when
shifted into the reverse gear. When the combined largest gear ratio in the split gear-
box and the main gearbox together is over 4:1 the driveability of the vehicle in the
reverse direction is acceptable even though the gear ratio less than 4:1 in the plane-
tary gear in the range gearbox. With such a common gear ratio in the split gearbox
and the main gearbox in relation to the gear ratio in the range gearbox, the vehicle
may be driven in the reverse direction in a velocity which is low enough to have con-

trol over the vehicle.

According to a further aspect of the invention the gearbox is arranged to have an
overlapping gear ratio in at least the highest gear in the low range gear position and
at least the lowest gear in a high range gear position. The overlapping gear ratio will
increase the total gear ratio in the gearbox. Such a gearbox brings the overall com-
ponents in the gearbox to a minimum and utilizes all of the transmission components

effectively.

According to a further aspect of the invention the gearbox is arranged to have an
overlapping gear ratio in the two highest gear in the low range gear position and the
two lowest gear in a high range gear position. The overlapping gear ratio in the two
highest gears in the low range gear position and the two lowest gears in a high range
gear position will increase the total gear ratio in the gearbox. This way, the vehicle
may be driven in the reverse direction in a velocity which is low enough to have con-
trol over the vehicle. The driveability of the vehicle in the reverse direction will be very
good.

When the gearbox is arranged with a split gearbox a main gearbox and a range
gearbox when the planetary gear is shifted into the reverse gear, the gear wheels in
the split gearbox and the main gearbox may be so designed that an overlapping gear
ratio is achieved. The overlapping gear ratio in the two highest gears in the low range
gear position and the two lowest gears in a high range gear position will increase the
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total gear ratio spread in the gearbox. Such gearbox brings the overall components in

the gearbox to a minimum and utilizes all of the transmission components effectively.

According to a further aspect of the invention the split gearbox comprises an incom-
ing gear and a split gear; and the gear ratio of the split gear is larger than the gear
ratio of the incoming gear. When the gear ratio of the split gear is larger than the gear

ratio of the incoming gear the overall gear ratio of the gearbox may be increased.

According to a further aspect of the invention the gear ratio of the incoming gear is in
the range 0,9:1 - 1,1:1. When the gear ratio of the incoming gear is in the range 0,9:1
- 1,1:1, the overall gear ratio of the gearbox may be increased and the vehicle may
be driven in the reverse direction in a velocity which is low enough to have control
over the vehicle. Thus, the driveability of the vehicle in the reverse direction will be
acceptable. The overall dimensions of the gearbox can be reduced. In addition, there
is N0 need to increase the gear ratio of the planetary gear in the range gearbox by

minimizing the diameter of the sun gear wheel.

According to a further aspect of the invention the gear ratio of the incoming gear is in
the range 0,95:1 - 1,05:1. When the gear ratio of the incoming gear is in the range
0,95:1 - 1,05:1, the overall gear ratio of the gearbox may be increased and the vehi-
cle may be driven in the reverse direction in a velocity which is low enough to have
control over the vehicle. Thus, the driveability of the vehicle in the reverse direction
will be improved. The overall dimensions of the gearbox can be reduced further. In
addition, there is no need to increase the gear ratio of the planetary gear in the range
gearbox by minimizing the diameter of the sun gear wheel.

According to a further aspect of the invention the gear ratio of the incoming gear is
1:1. When the gear ratio of the incoming gear is 1:1, the overall gear ratio of the
gearbox may be increased and the vehicle may be driven in the reverse direction in a
velocity which is low enough to have control over the vehicle. Thus, the driveability of
the vehicle in the reverse direction will be very good. The overall dimensions of the
gearbox can be reduced even further. In addition, there is no need to increase the
gear ratio of the planetary gear in the range gearbox by minimizing the diameter of
the sun gear wheel.
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According to a further aspect of the invention the split gearbox and the main gearbox
are together arranged to have a combined ratio spread larger than 5 and the plane-
tary gear is arranged to have a gear ratio less than 4:1 when shifted into the reverse
gear. With such a combined ratio spread in the split gearbox and the main gearbox
together with such a gear ratio in the range gearbox, the vehicle may be driven in the
reverse direction in a velocity which is low enough to have control over the vehicle.
Thus, the driveability of the vehicle in the reverse direction is acceptable. The overall
dimensions of the gearbox can be reduced. In addition, there is no need to increase
the gear ratio of the planetary gear in the range gearbox by minimizing the diameter

of the sun gear wheel.

According to a further aspect of the invention the split gearbox and the main gearbox
are together arranged to have a combined ratio spread in the range 5,5 - 6,3 and the
planetary gear is arranged to have a gear ratio in the range 3,1:1 - 3,9:1 when shifted
into the reverse gear. With such a combined ratio spread in the split gearbox and the
main gearbox together with such a gear ratio in the range gearbox, the vehicle may
be driven in the reverse direction in a velocity which is low enough to have control
over the vehicle. Thus, the driveability of the vehicle in the reverse direction is ac-
ceptable. The overall dimensions of the gearbox can be reduced. In addition, there is
no need to increase the gear ratio of the planetary gear in the range gearbox by min-
imizing the diameter of the sun gear wheel.

According to a further aspect of the invention the split gearbox and the main gearbox
are together arranged to have a combined ratio spread in the range 5,7 - 6,1 and the
planetary gear is arranged to have a gear ratio in the range 3,3:1 - 3,6:1 when shifted
into the reverse gear. With such a combined ratio spread in the split gearbox and the
main gearbox together with such a gear ratio in the range gearbox, the vehicle may
be driven in the reverse direction in a velocity which is low enough to have control
over the vehicle. Thus, the driveability of the vehicle in the reverse direction will be
improved. The overall dimensions of the gearbox can be reduced further. In addition,
there is no need to increase the gear ratio of the planetary gear in the range gearbox
by minimizing the diameter of the sun gear wheel.
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The above-mentioned objects are also achieved by a vehicle, including the above-
mentioned gearbox, according to the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Below is a description of, as examples, preferred embodiments of the invention with
reference to the enclosed drawings, in which:

Fig. 1 shows schematically a vehicle in a side view with a gearbox according to the

invention,

Fig. 2 shows schematically a cross section of the main gearbox and a split gearbox
according to the invention,

Fig. 3 shows schematically a cross section of the gearbox according to the invention

in a low range gear position,

Fig. 4 shows schematically a cross section of the gearbox according to the invention
in a high range gear position, and

Fig. 5 shows schematically a cross section of the gearbox according to the invention

in a reverse position.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

Fig. 1 shows schematically a vehicle 1 in a side view, provided with a powertrain 3,
which comprises a gearbox 2 according to the invention. The powertrain 3 also com-
prises an internal combustion engine 4, a propeller shaft 10 and drive wheels 8. The
drive wheels 8 are coupled to the gearbox 2 via the propeller shaft 10. The gearbox 2
comprises a range gearbox 15B which aims to double the number of gear opportuni-
ties. The gearbox 2 is surrounded by a gearbox housing 12.

Fig. 2 shows a schematic sectional view of a gearbox 2 according to the present in-
vention. The gearbox 2 comprises a main gearbox 15A, a split gearbox 15C and the



10

15

20

25

30

WO 2018/147779 10 PCT/SE2018/050067

range gearbox 15B. The range gearbox 15B is shiftable into a low range gear, a high
range gear and a reverse gear, which will be explained in more detail below. The ve-
hicle 1 may be driven in the reverse direction when the range gearbox 15B is shifted
into the reverse gear. The combined gear ratio in the split gearbox 15C and the main
gearbox 15A together may be larger than the gear ratio in a planetary gear 14 (fig. 3)
in the range gearbox 15B, when the planetary gear 14 is shifted into the reverse
gear. The split gearbox 15C and the main gearbox 15A may together be arranged to
have a combined largest gear ratio over 4:1 and the planetary gear 14 in the range
gearbox 15B may be arranged to have a gear ratio less than 4:1 when shifted into
the reverse gear. With such a common or combined gear ratio in the split gearbox
15C and the main gearbox 15A in relation to the gear ratio in the range gearbox 15B,
the vehicle 1 may be driven in the reverse direction in a velocity which is low enough
to have control over the vehicle 1 even though a clutch 11 between the engine 4 and
the gearbox 2 is completely engaged. The velocity of the vehicle 1 driven in the re-
verse direction at a gear with the gear ratio mentioned above and with the clutch 11

completely engaged will be below three km/h.

In order to arrange the above mentioned gear ratio in the gearbox 2, the two highest
gears in the low range gear position and the two lowest gears in a high range gear
position may be overlapping. Thus, the two highest gears in the low range gear posi-
tions should have substantially the same gear ratio as the two lowest gears in a high
range gear position. However, at least the highest gear in the low range gear position
and at least the lowest gear in a high range gear position should be overlapping.
Thus, at least the highest gear in the low range gear positions should have substan-
tially the same gear ratio as at least the lowest gear in a high range gear position.
This overlapping gear ratio will increase the ratio spread in the gearbox 2. This will
bring the overall number of components in the gearbox 2 to a minimum and also uti-
lize all of the transmission components effectively. The definition of the ratio spread
is the largest common or combined gear ratio of the split gearbox 15C and the main
gearbox 15A divided with the minimum common or combined gear ratio of the split
gearbox 15C and the main gearbox 15A.

The split gearbox 15C comprises an incoming gear 17 and a split gear 19. The gear
ratio of the split gear 19 may be larger than the gear ratio of the incoming gear 17, so
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that the overall gear ratio in the gearbox 2 may be increased. As an example, the
gear ratio of the incoming gear 17 may be in the range 0,9:1 - 1,1:1 and thus the gear
ratio of the split gear 19 may be larger than 0,9:1 - 1,1:1. When the gear ratio of the
incoming gear 17 is in the range 0,9:1 - 1,1:1, the overall gear ratio of the gearbox 2
may be increased and the vehicle 1 may be driven in the reverse direction in a low
enough velocity for a driver of the vehicle 1 to have control over the vehicle 1. Thus,
the driveability of the vehicle 1 in the reverse direction will be acceptable. The overall
dimensions of the gearbox 2 can be reduced. Also, there is no need to increase the
gear ratio of the planetary gear 14 in the range gearbox 15B by minimizing the diam-
eter of the sun gear wheel 18.

According to another example the gear ratio of the incoming gear 17 may be in the
range 0,95:1 - 1,05:1 and thus the gear ratio of the split gear 19 may be larger than
0,95:1 - 1,05:1. When the gear ratio of the incoming gear 17 is in the range 0,95:1 -
1,05:1, the overall gear ratio of the gearbox 2 may be increased and the vehicle 1
may be driven in the reverse direction in a low enough velocity for a driver of the ve-
hicle 1 to have control over the vehicle 1. Thus, the driveability of the vehicle 1 in the
reverse direction will be improved. The overall dimensions of the gearbox 2 can be
reduced further. Also, there is no need to increase the gear ratio of the planetary
gear 14 in the range gearbox 15B by minimizing the diameter of the sun gear wheel
18.

The gear ratio of the incoming gear 17 may also be substantially 1:1 and thus the
gear ratio of the split gear 19 may be larger than 1:1. When the gear ratio of the in-
coming gear 17 is substantially 1:1, the overall gear ratio of the gearbox 2 may be
increased and the vehicle 1 may be driven in the reverse direction in a velocity which
is low enough for a driver of the vehicle 1 to have control over the vehicle 1. Thus,
the driveability of the vehicle 1 in the reverse direction will be very good. The overall
dimensions of the gearbox 2 can be reduced even further. Also, there is no need to
increase the gear ratio of the planetary gear 14 in the range gearbox 15B by minimiz-
ing the diameter of the sun gear wheel 18.

The split gearbox 15C and the main gearbox 15A may together be arranged to have
a combined ratio spread in the range 5,5 - 6,3 and the planetary gear 14 may be ar-
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ranged to have a gear ratio in the range 3,1:1 - 3,9:1 when shifted into the reverse
gear. With such a combined ratio spread in the split gearbox 15C and the main gear-
box 15A together with such a gear ratio in the range gearbox 15B, the vehicle 1 may
be driven in the reverse direction in a velocity which is low enough for a driver of the
vehicle 1 to have control over the vehicle 1. Thus, the driveability of the vehicle 1 in
the reverse direction will be acceptable. The overall dimensions of the gearbox 2 can
be reduced. In addition, there is no need to increase the gear ratio of the planetary
gear 14 in the range gearbox 15B by minimizing the diameter of the sun gear wheel
18.

Alternatively, the split gearbox 15C and the main gearbox 15A may together be ar-
ranged to have a combined ratio spread in the range 5,7 - 6,1 and the planetary gear
14 is arranged to have a gear ratio in the range 3,3:1 - 3,6:1 when shifted into the
reverse gear. With such a combined ratio spread in the split gearbox 15C and the
main gearbox 15A together with such a gear ratio in the range gearbox 15B, the ve-
hicle 1 may be driven in the reverse direction in a low enough velocity for a driver of
the vehicle 1 to have control over the vehicle 1. Thus, the driveability of the vehicle 1
in the reverse direction will be improved. The overall dimensions of the gearbox 2
can be reduced further. Also, there is no need to increase the gear ratio of the plane-
tary gear 14 in the range gearbox 15B by minimizing the diameter of the sun gear

wheel 18.

According to fig. 2 the main gearbox 15A alone can be set to four different gear rati-
0s. The range gearbox15B is arranged downstream the main gearbox 15A. The
range gearbox 15B is surrounded by a gearbox housing 12 and is discussed further
with reference to figures 3 - 5. The split gearbox 15C is located upstream the main
gearbox 15A in the direction of torque from combustion engine 4 to drive wheels 8.
The split gearbox 15C provides for each gear of the main gearbox 15A into two gear

steps with different gear ratios in order to provide more gear ratios of the gearbox 2.

Instead of a disengageble clutch 11 an arrangement with first and second electrical
machines (not disclosed) may be arranged to rotate and brake a planetary gear (not
disclosed) arranged in the powertrain 3 and located upstream the gearbox 2. In such
an arrangement the first electrical machine may be arranged at a sun gear wheel (not
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disclosed) of the planetary gear 14, and the second electrical machine should be ar-
ranged at the first ring gear wheel (not disclosed) of the planetary gear. The first and
second electrical machines may be the power source or may form part of the power

source.

With regard to the main gearbox 15A, a layshaft 202 comprises gear wheels 203A,
204A, 205A that are rotatably fixed to the layshaft 202. For example, gear wheel
203A represents the second gear, gear wheel 204A the first gear and gear wheel
205A the third gear. A mainshaft 206 comprises corresponding gear wheels 203B,
204B, 205B which rotate freely in relation to the mainshaft 206, but which can be se-
lectively locked for rotation with the mainshaft 206 in order to engage a gear. For ex-
ample, the second main gearbox gear can be engaged by manoeuvring a first main
sleeve 207, arranged to rotate with the mainshaft 206, to a position where the gear
wheel 203B is engaged, i.e. to the left in the figure, thereby bringing the gear wheel
203B to rotate the mainshaft 206 and thereby also engaging the layshaft 202 to the
mainshaft 206 via gear wheel 203A. Each pair of gear wheels on the layshaft 202
and mainshaft 206 representing a gear ratio.

The first main gearbox gear can be engaged by disengaging the first main sleeve
207 from gear wheel 203B and instead moving a second main sleeve 208 to a posi-
tion to the right in the figure where, instead, gear wheel 204B is engaged, thereby
bringing the gear wheel 204B to rotate the mainshaft 206. Correspondingly, the third
main gearbox gear can be engaged by manoeuvring the second main sleeve 208 to
a position to the left in the figure where, instead gear wheel 205B is engaged, there-
by setting the main gearbox 15A to third gear. Each of the first through third gears is
used for a plurality of the total number of gears provided by the gearbox 2 as a
whole. For example, the first gear of the main gearbox 15A will be used for first and
second gear of the gearbox 2, low and high split, low range, and also for seventh and
eighth gear, low and high split, and high range. The different gears in the split gear-
box 15C and the main gearbox 15A may also be used when the range gearbox 15B
is shifted into the reverse gear.

The main gearbox 15A is also provided with a crawler gear 211 comprising a crawler
gear wheel pair 211A and 211B. The crawler gear wheel 211A is arranged on the
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layshaft and the crawler gear wheel 211B may rotate freely in relation to the
mainshatft 206, but can be selectively locked for rotation with the mainshaft 206 in

order to engage the crawler gear 211.

Further, with regard to the split gearbox 15C, the incoming gear 17 comprises a in-
coming gear wheel 209A that, similar to the above, is rotatably fixed to the layshaft
202 and a corresponding incoming gear wheel 209B rotating freely in relation to the
input shaft 201 but which can be selectively locked for rotation with the input shaft
201 through a split sleeve 210, which may be provided with a split synchronising unit.
The split sleeve 210 can further be used to connect the gearbox input shaft 201 to
gear wheel 205B directly. The incoming gear 17 comprising the gear wheel pair
209A-B can together with the split sleeve 210 thereby provide two different split gear
ratios for each gear of the main gearbox 15A.

When e.g. the first gear is engaged, the split sleeve 210 is arranged to engage split
gear wheel 205B. This will have the result that the input shaft 201 is directly connect-
ed to the split gear wheel 205B, which via the split gear wheel 205A establishes a
first gear ratio between input shaft 201 and layshaft 202. Gear wheel 205B, however,
is not connected to the mainshaft 206, but the layshaft 202 is connected to mainshaft
206 through gear wheel pair 204A-B and by means of the second main sleeve 208.

When the second gear is engaged, i.e. high split of first main gearbox gear, the vehi-
cle 1 is, instead, driven with gear wheel pair 209A-B engaged, resulting in a second
gear ratio between an input shaft 201 and layshaft 202. The gear wheel 204B is still
engaged by the second main sleeve 208 according to the above, thereby extending
the range of each gear.

This split can be performed for each gear of the main gearbox 15A. However, when
the coupling unit 210 engages gear wheel 205B and also the second main sleeve
208 engages gear wheel 205B a gear ratio of 1:1 through the split gearbox 15C and
the main gearbox 15A is obtained.

The crawler gear 211 is according to the invention engaged when a reverse gear is
engaged in the range gearbox 15B. A first reverse gear is engaged when also the
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split sleeve 210 is arranged to engage split gear wheel 205B. This will have the result
that the input shaft 201 is directly connected to the split gear wheel 205B, which via
the split gear wheel 205A establishes a gear ratio between input shaft 201 and lay-
shaft 202.

The crawler gear 211 is also engaged when the gearbox 2 is shifted into the forward
direction when the range gearbox 15B is shifted into the low range position, but not in
the high range position. In comparison to other gears used when driving a vehicle 1
in the forward direction, such as the gear wheel pair 204A-B representing the first
gear in the main gearbox 15A, the reverse gear is less used and also the crawler
gear 211 in the forward direction is less used. Also, the torque transferred through
the crawler gear 211 is less than the torque transferred through other gears in the
gearbox 2, such as the gear wheel pair 204A-B, due to the high gear ratio in the
crawler gear 211. For this reason wear of the crawler gear wheel pair 211A and
211B will be limited.

According to fig. 2 the crawler gear 211 is arranged in the main gearbox 15A. How-
ever, it may also be possible to arrange the crawler gear 211 in the split gearbox
15C, so that the crawler gear wheel 211A is arranged on the input shaft 201 and the
crawler gear wheel 211B is arranged on the layshaft 202.

Fig. 3 shows a schematic sectional view of a gearbox 2 of the present invention. The
gearbox 2 comprises a main gearbox 15A, a split gearbox 15C and the range gear-
box 15B. The range gearbox 15B comprises a planetary gear 14 which has a low and
a high gear, so that the switching capability of the gearbox 2 can be divided into a
low range gear position and a high range gear position. In a first gear position corre-
sponding to the low range gear position a downshift takes place in the planetary gear
14. In the high range gear position the gear ratio is 1:1 in the planetary gear 14. The
planetary gear 14 is in Fig. 3 shifted into the first gear position, corresponding to the

low range gear position.

The range gearbox 15B is accommodated in the gearbox housing 12 and comprises
a range gearbox input shaft 16 which may be a mainshaft 26 of the main gearbox
15A. The planetary gear 14 comprises three main components which are rotatable
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arranged in relation to each other, namely a sun gear wheel 18, a planet carrier 20
and a ring gear wheel 22. A number of planet gear wheels 24 are rotatable arranged
with bearings on the planet carrier 20. With knowledge of the number of teeth 32 of
sun gear wheel 18 and the ring gear wheel 22, the relative gear ratio of the three
components can be determined. The sun gear wheel 18 is rotatable connected to the
input shaft 16 and the planet gear wheels 24 engage the sun gear wheel 18. The ring

gear wheel 22 surrounds and engages the planet gear wheels 24.

A first axially displaceable coupling sleeve 42 is in a first gear position arranged to
connect the transmission case 12 with the ring gear wheel 22 and in a second gear
position arranged to disconnect the transmission case 12 from the ring gear wheel
22. The first axially movable coupling sleeve 42 is in the first gear position arranged
to disconnect the input shaft 16 from the planet carrier 20.

A second axially displaceable coupling sleeve 43 is in a third gear position arranged
to couple the ring gear wheel 22 with an output shaft 28 of the gearbox 2. The output
shaft 28 is coupled to the propeller shaft 10 of the vehicle 1. In the third gear position,
corresponding to a reverse gear, the first axially displaceable coupling sleeve 42 is
arranged to disconnect the input shaft 16 from the planet carrier 20 and instead is
arranged to interconnect the planet carrier 20 with the gearbox housing 12. In the first
and second gear positions the second axially displaceable coupling sleeve 43 is ar-
ranged to interconnect the planet carrier 20 with the output shaft 28.

The first axially displaceable coupling sleeve 42 is on an inner surface provided with
first splines 50 arranged to interact with the corresponding first splines 50 arranged
on the ring gear wheel 22 and on the periphery of a projection 52 which is fixedly
connected to the transmission housing 12. The first splines 50 on the first axially dis-
placeable coupling sleeve 42 are also arranged to cooperate with corresponding first
splines 50 arranged on the input shaft 16. Corresponding first splines 50 disposed on
the input shaft 16 are made on the periphery of a first sprocket 46 which is mounted
on a shaft 38 for the sun gear wheel 18. The first splines 50 on the first axially dis-
placeable coupling sleeve 42 are also arranged to cooperate with corresponding first
splines 50 arranged on the planet carrier 20. Corresponding first splines 50 disposed
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on the planet carrier 20 are made on the periphery of a second sprocket 44 which is
mounted on the planet carrier 20.

The second axially displaceable coupling sleeve 43 is on an inner surface provided
with second splines 51 which are arranged to cooperate with corresponding second
splines 51 arranged on the ring gear wheel 22, the planet carrier 20 and the output
shaft 28. The corresponding second splines 51 arranged on the planet carrier 20 are
formed on the periphery of a third sprocket 49 which is mounted on the planet carrier
20. The corresponding second splines 51 provided on the output shaft 28 are formed
on the periphery of a fourth sprocket 53 which is mounted on the output shaft 28.

The low gear in the gearbox 2 is obtained by displacing the first coupling sleeve 42,
so that the ring gear wheel 22 is connected to the gearbox housing 12. The axial dis-
placement of the first and second coupling sleeves 42, 43 are provided with a first
and second shift fork 60, 61 arranged in an outside circumferential groove 62 in the
respective coupling sleeve 42, 43. The first shift fork 60 is influenced by a first power
means 66 and the second shift fork 61 is influenced by a second power means 67.
The first and second power means 66, 67 may be a pneumatic or hydraulic cylinder.

The shift forks 60, 61 and power means 66, 67 are schematically shown in Fig. 3.

Preferably, the coupling sleeves 42, 43 each has a low weight, which means that
there is a need of low energy and force to move the respective coupling sleeves 42,
43 when shifting gears. This allows a quick gear shifting between the different gear
positions in the gearbox 2.

Fig. 4 shows a schematic sectional view of the range gearbox 15B in the second
gear position or high range gear position in which the first coupling sleeve 42 is shift-
ed to the right in Fig. 4 for connecting the input shaft 16 to the planet carrier 20. In
this position the first coupling sleeve 42 has disconnected the ring gear wheel 22 of
the gearbox housing 12. The transmission of torque from the input shaft 16 to the
output shaft 28 is in the high range gear position via the input shaft 16 and planet
carrier 20 and further to the output shaft 28 via the second coupling sleeve 43, so
that the gear ratio through the planetary gear 14 becomes 1:1. As an alternative, the
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second axially movable coupling sleeve 43 may in the second gear position be ar-
ranged to engage the ring gear wheel 22 with the output shaft 28.

In fig. 5 the range gearbox 15B has been shifted into the third gear position, which is
the reverse gear. The second axially displaceable sleeve 43 is in the third gear posi-
tion arranged to connect the ring gear wheel 22 with output shaft 28. Thus, the sec-
ond coupling sleeve 43 is shifted by the second shift fork 61, so that the ring gear
wheel 22 is connected to the output shaft 28. The first coupling sleeve 42 is shifted
by the first shift fork 60 to couple the planet carrier 20 with the gearbox housing 12.
The planet carrier 20 is provided with a second sprocket 44 arranged for connecting
the planet carrier 20 with the gearbox housing 12 by means of the first coupling
sleeve 42. The displacement of the respective clutch sleeve 42, 43 is performed
when the input and the output shaft 16, 28 are stationary, which corresponds to a
stationary operating state of the vehicle 1, when the range gearbox 15B is included in
the transmission 3 of a vehicle 1. In order to provide a stationary position of the input
shaft 16 the clutch 11 of the vehicle 1 is transferred to a disconnected mode. When
the range gearbox 15B is operated in the third gear position, torque is transmitted
from the input shaft 16 to the sun gear wheel 18 and further to the planet gear wheels
24 which transmits the torque to the ring gear wheel 22 and further to the output shaft
28 via the second coupling sleeve 43. The planet carrier 20 is stationary as the first
coupling sleeve 42 connects the planet carrier 20 with the gearbox housing 12.

With the gear ratio mentioned above, the range gearbox 15B may have a limited di-
ameter and still the driveability of the vehicle 1 in the reverse direction is not adverse-
ly affected. A limited diameter of the range gearbox 15B will bring the overall compo-
nents in the gearbox 2 to a minimum, and thus manufacturing and repair costs will be
saved. The sun gear wheel 18 in the planetary gear 14 may be provided with a diam-
eter which withstands the considerable amount of torque needed. Thus, there is no
need to increase the gear ratio of the planetary gear 14 in the range gearbox 15B by

minimizing the diameter of the sun gear wheel 18.

An electronic control unit 70 is coupled to the powertrain 3 to achieve the gear shift-
ing above. A number of not shown speed sensors in the powertrain 3 may be con-
nected to the control unit 70. Another computer 72 may also be connected to the
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control unit 70. The control unit 70 may be a computer with appropriate software for
this purpose. The control unit 70 and/or the computer 72 comprise a computer pro-
gram P, which can include routines to control the gearbox 2 of the present invention.
The program P may be stored in an executable form or compressed form in a
memory M and/or in a read/write memory. Preferably there is provided a computer
program product comprising a program code stored on a, by a computer readable
medium for performing the gear shifting above, when said program is run on the con-
trol unit 70 or another computer 72 connected to the control unit 70. Said code may

be non-volatile, stored in said computer readable medium.

The components and features specified above may within the framework of the in-
vention be combined between the different embodiments specified.
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Claims

1. A gearbox for vehicles, comprising a split gearbox (15C), a main gearbox (15A)
and a range gearbox (15B), which is shiftable into a low range gear, a high range
gear and a reverse gear; the range gearbox (15B) comprising a planetary gear (14)
with a ring gear wheel (22), a sun gear wheel (18) and a planet carrier (20), on which
at least one planet gear wheel (24) is rotatable mounted, which ring gear wheel (22)
and sun gear wheel (18) engage with the at least one planet gear wheel (24); a gear-
box housing (12) surrounding the planetary gear (14); a first axially movable coupling
sleeve (42) arranged to engage the planet carrier (20) with the gearbox housing (12);
and a second axially movable coupling sleeve (43) arranged to engage the ring gear
wheel (22) with an output shaft (28) for achieving the reverse gear in the gearbox (2),
characterized in that the split gearbox (15C) and the main gearbox (15A) are to-
gether arranged to have a combined largest gear ratio, which is larger than the gear
ratio in the planetary gear (14) in the range gearbox (15B) when the planetary gear
(14) is shifted into the reverse gear.

2. The gearbox according to claim 1, characterized in that the split gearbox (15C)

and the main gearbox (15A) are together arranged to have a combined largest gear
ratio over 4:1 and the planetary gear (14) in the range gearbox (15B) is arranged to
have a gear ratio less than 4:1 when shifted into the reverse gear.

3. The gearbox according to any of the preceding claims, characterized in that the
gearbox (2) is arranged to have an overlapping gear ratio in at least the highest gear
in the low range gear position and at least the lowest gear in a high range gear posi-

tion.

4. The gearbox according to claim 3, characterized in that the gearbox (2) is ar-
ranged to have an overlapping gear ratio in the two highest gears in the low range
gear position and the two lowest gears in a high range gear position.

5. The gearbox according to any of the preceding claims, characterized in that the
split gearbox (15C) comprises an incoming gear (17) and a split gear (19); and in that
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the gear ratio of the split gear (19) is larger than the gear ratio of the incoming gear
(17).

6. The gearbox according to claim 5, characterized in that the gear ratio of the in-

coming gear (17) is in the range 0,9:1 - 1,1:1.

7. The gearbox according to claim 5, characterized in that the gear ratio of the in-

coming gear (17) is in the range 0,95:1 - 1,05:1.

8. The gearbox according to claim 5, characterized in that the gear ratio of the in-

coming gear (17) is 1:1.

9. The gearbox according to any of the preceding claims, characterized in that the
split gearbox (15C) and the main gearbox (15A) are together arranged to have a
combined ratio spread larger than 5 and the planetary gear (14) is arranged to have
a gear ratio less than 4:1 when shifted into the reverse gear.

10. The gearbox according to any of the preceding claims, characterized in that the
split gearbox (15C) and the main gearbox (15A) are together arranged to have a
combined ratio spread in the range 5,5 - 6,3 and the planetary gear (14) is arranged
to have a gear ratio in the range 3,1:1 - 3,9:1 when shifted into the reverse gear.

11. The gearbox according to any of the claims 1-9, characterized in that the split
gearbox (15C) and the main gearbox (15A) are together arranged to have a com-
bined ratio spread in the range 5,7 - 6,1 and the planetary gear (14) is arranged to

have a gear ratio in the range 3,3:1 - 3,6:1 when shifted into the reverse gear.

12. A vehicle, characterized in that the vehicle (1) is provided with a gearbox (2)

according to any of the preceding claims.
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