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Q (57) Abstract: Automatic engaging method (and disengaging method and device) for a coupling-dependent power take-off (32)
¥ when the vehicle is in motion, which is driven by an engine (1), arranged in the vehicle, via an automated disk clutch (3), an automatic
S stage-geared gearbox (9) in which a shaft (11) for driving the power take-off (32) is arranged. A control unit (45) controls the

~ gearbox (9), the disk clutch (3) and the engine (1). The method is characterized in that the control unit registers that engagement
of the power take-off (32) is requested; the speed of the engine (1) is controlled so that the input shaft (7) of the gearbox becomes
virtually torqueless; the disk clutch (3) is disengaged and the gearbox is put in neutral position so that the intermediate shaft (11) of

g the gearbox is disengaged from the driving wheels of the vehicle; the intermediate shaft (11) is braked; the power take-off (32) is
engaged; the control unit (45) couples the disk clutch (3) together. A torque transmitter is arranged at the power take-off (32).
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An automatic engaging/disengaging method and a device

for controlling a coupling-dependent power take-off

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a method and device
for motor vehicles according to the preamble of patent
claims 1, 6 and 12 below. The method relates to an
automatic engaging/disengaging method for a coupling-
dependent power take-off when the wvehicle is in motion.
The device relates to a control device for the
coupling-dependent power take-off which is arranged on

the gearbox of the vehicle.

STATE OF THE ART

In order for it to be possible to handle the load on a
truck effectively, load-handling equipment is
necessary. The commonest examples of such equipment are
tipping gear and cranes. Also common are hook loaders,
refuse-handling units, rotating cement mixers, flushing
units and air compressors for loading or unloading bulk

loads.

In order to utilize the driving power of the wvehicle
engine to drive the load-handling equipment as well, a
power take-off is required. The driving power from the
power take-off can be transmitted either mechanically
via a propeller shaft or belts or hydraulically by a
hydraulic pump being mounted on the power take-off.

Power take-offs are divided into coupling-independent
and coupling-dependent power  take-offs. Coupling-
dependent power take-offs are preferably used when the
vehicle ig stationary. The coupling-dependent power
take-offs are mounted on the gearbox and are wusually
driven by the intermediate shaft of the gearbox. This
means that the power take-off is coupling-dependent,
that is to say the power take-off stops when the disk
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clutch between the engine and gearbox of the vehicle is
disengaged. Depending on whether or not the gearbox is
equipped with a split gear, the ratio between the

engine and the power take-off can be influenced.

Automatic gearboxes of the automated stage-geared
gearbox type have become increasingly common in heavy-
duty vehicles as microcomputer technology has developed
further and made it possible, with a control computer
and a number of actuators, for example servo motors, to
precision-regulate engine speed, engagement and
disengagement of an automated disk clutch between the
engine and the gearbox and also the internal coupling
means of the gearbox in such a way and in relation to
one another so that gentle shifting is always obtained

at the correct engine speed.

The advantage of this type of automatic gearbox
compared with a conventional automatic gearboﬁ
constructed with planetary gear stages and with a
hydrodynamic torque converter on the input gide is on
the one hand that, especially as far as use in heavy-
duty vehicles 1is concerned, it is gsimpler and more
robust and can be manufactured at a considerably lower
cost than the conventional automatic gearbox and on the
other hand that it has higher efficiency, which means

lower fuel consumption is possible.

According to the known art for the abovementioned type
of automated stage-geared gearbox, coupling-dependent
power take-offs are suitable for load-handling
equipment which is used when the vehicle is stationary
or when the vehicle is driven in the starting gear, for
example tipping units, cranes, hook loaders, pumps for
emptying/filling from various containers and air
compressors for loading or unloading bulk loads. As the
power take-off loads the synchronization system when
shifting takes place, it is not permitted for the power
take-off to be engaged when shifts take place when the
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vehicle is being driven. The coupling-dependent power
take-off is engaged when the vehicle is stationary and
the disk clutch between the engine of the vehicle and
the gearbox of the vehicle is disengaged. The gearbox
is in its neutral position if the power take-off is to
be used in a stationary vehicle or has a starting gear
engaged if the power take-off is to be used during slow
driving. When the disk clutch is engaged, the engine
drives the power take-off, and the vehicle is driven in
a starting gear if this is engaged. Disengagement of
the power take-off is also effected when the vehicle is
stationary and the disk clutch of the vehicle 1is

disengaged.

The driver of a wvehicle with a coupling-dependent power
take-off according to the state of the art is therefore
limited to engaging and disengaging the power take-off

only when the vehicle is stationary.

A need therefore exists in a vehicle equipped with a
coupling-dependent power take-off and an automated
stage-geared gearbox to simplify operations for the
driver of the wvehicle when he wishes to use the

coupling-dependent power take-off of the vehicle.

SUMMARY OF THE INVENTION

The solution of the problem according to the invention
as far as the method according to the invention is
concerned is described in patent claims 1 and 6 and as
far as the device according to the invention is
concerned in patent claim 12. The other patent claims
describe preferred embodiments and developments of the
method according to the invention and the device

(claims 2 to 5, 7 to 11 and, respectively, 13 and 14).

The method according to the invention describes an
automatic engaging method and an automatic disengaging
method for a coupling-dependent power take-off in a

vehicle when the wvehicle is in motion, which power
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take-off is driven by an engine, arranged in the
vehicle, via an automated disk clutch which in turn is
coupled to an automatic stage-geared gearbox in which a
shaft for driving the power take-off is arranged. At
least one control unit for controlling the gearbox, the

disk clutch and the engine is arranged in the vehicle.

In the case of the engaging method, the invention is

characterized by the steps:

- the control unit registers that engagement of the
power take-off is requested;

- the control unit disengages the disk clutch and
puts the gearbox in neutral position so that the
intermediate shaft of the gearbox is disengaged
from the driving wheels of the vehicle;

- the control unit engages the power take-off.

In the case of the disengaging method, the invention is

characterized by the steps:

- the control unit registers that disengagement of
the power take-off is requested;

- the control unit puts the gearbox in neutral
position so that the intermediate shaft of the
gearbox is disengaged from the driving wheels of
the vehicle;

- the control unit disengages the disk clutch or
puts a split gear in neutral position;

- the control unit disengages the power take-off.

The advantage of the engaging/disengaging method
according to the invention is that it is possible to
engage and disengage a coupling-dependent power take-
off even while driving the vehicle and irrespective of
the gear engaged. It 1is easier for different
configurations of units to be driven by the power take-
off to be installed in the vehicle. This also includes

units which, according to the state of the art, have to
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be driven by a coupling-independent power take-off. It
is therefore possible with the aid of the invention to
drive all types of unit by means of the coupling-
dependent power take-off. The engagement or
disengagement itself of the power take-off takes place

completely automatically.

In a first preferred embodiment of the engaging and
disengaging method according to the invention, the
control unit controls the output torque of the engine
so that the input shaft of the gearbox becomes
virtually torqueless before the control unit disengages
the disk clutch. This method affords improved comfort.

In a second embodiment of the engaging method according
to the invention, the control unit ensures that the
rotational speed of the intermediate shaft is reduced
before engagement of the power take-off takes place.
The advantage of the method according to the invention
is that the engaging/disengaging device of the power
take-off is subjected to smaller stresses and in this

way the life of the device is prolonged.

In a further preferred embodiment of the engaging and
disengaging method according to the invention, the
control unit measures the torque of the input shaft.
The advantage of the method according to the invention
is that the output torque of the engine and the extent
of engagement of the disk clutch can be controlled more

accurately.

In. another preferred embodiment of the disengaging
method according to the invention, the control unit
measures the torque at the power unit. By measuring the
torque at the power unit, the output torque of the
engine can be controlled so that the main shaft of the
gearbox becomes torqueless or virtually torqueless, and
the stresses on the coupling devices for the tgear

concerned in the Dbasic gearbox when these are
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disengaged, that is to say when the gearbox is put in
neutral position and the intermediate shaft is
disengaged from the driving wheels of the vehicle, are
therefore minimized. In a case where the torque take-
off of the power take-off is relatively great, the load
on the coupling devices 1is so great that neutral
position is not obtained unless the torque can be
controlled so‘ that the main shaft of the gearbox

becomes torqueless.

The device according to the invention describes a
control device for the coupling-dependent power take-
off as above with the characteristic that a torque

transmitter is arranged at the power take-off.

Further embodiments of the invention emerge from the

dependent patent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in greater
detail below with reference to the accompanying
drawings, which, for the purpose of exemplification,
show further preferred embodiments of the invention and
also the technical background.

Figure 1 shows a diagrammatic representation of an
internal combustion engine with adjacent clutch and

gearbox with a power take-off.

Figure 2 shows the clutch and the gearbox in Figure 1

on enlarged scale.

In Figure 1, reference number 1 designates a six-
cylinder internal combustion engine, for example a
diesel engine, the crankshaft 2 of which is coupled to
a single-plate dry disk clutch, designated generally by
reference number 3, which is enclosed in a clutch case
4. The crankshaft 2 is, via the output shaft 51 of the
engine, which shaft is connected to the flywheel (not
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shown), connected non-rotatably to the clutch housing 5
of the clutch 3, while its plate 6 is connected non-
rotatably to an input shaft 7 which is mounted
rotatably in the casing 8 of a gearbox designated
generally by reference number 9. A main shaft 10 and an
intermediate shaft 11 are also mounted rotatably in the

casing 8.

As can be seen most clearly from Figure 2, a geafwheel
12 is mounted rotatably on the input shaft 7 and is
lockable on the shaft by means of a coupling sleeve 13
which is provided with synchronizing means and is
mounted non-rotatably but axially displaceably on a hub
14 connected non-rotatably to the input shaft 7. By
means of the coupling sleeve 13, a gearwheel 15 mounted
rotatably on the main shaft 10 1is also lockable
relative to the input shaft 7. With the coupling sleeve
13 in a central position, both the gearwheels 12 and 15
are disengaged from their shafts 7 and, respectively,
10. The gearwheels 12 and 15 engage with gearwheels 16
and, respectively, 17 which are connected non-rotatably
to the intermediate shaft 11. Arranged in a
rotationally fixed manner on the intermediate shaft 11
are further gearwheels 18, 19 and 20 which engage with
gearwheels 21, 22 and, respectively, 23 which are
mounted rotatably on the main shaft 10 and are lockable
on the main shaft by means of coupling sleeves 24 and,
respectively, 25 which, in the illustrative embodiment
shown, do not have synchronizing devices. A further
gearwheel 28 is mounted rotatably on the main shaft 10
and engages with an intermediate gearwheel 30 which is
mounted rotatably on a separate shaft 29 and in turn
engages with the intermediate shaft gearwheel 20. The.
gearwheel 28 is lockable on its shaft by means of a

coupling sleeve 26.

The gearwheel pairs 12, 16 and 15, 17 and the coupling
sleeve 13 form a synchronized split gear with a low

gear stage LS and a high gear stage HS. The gearwheel



WO 2004/041576 PCT/SE2003/001388

10

15

20

25

30

35

- 8 -

pair 15, 17 also forms, together with the gearwheel
pairs 21, 18, 22, 19, 23, 20 and the three gearwheels
28, 20 and 30, a basic gearbox with four forward gears
and one reverse gear. The output end of the main shaft
10 can be connected directly to a propeller shaft (not
shown) which conveys the driving power out to. the
driving wheels (not shown). An alternative igs for the
output end of the main shaft 10 to be connected to a
range gear stage (not shown) which in turn is connected

to the propeller shaft.

The coupling sleeves 13, 24, 25 and 26 are displaceable
as shown by the arrows in Figure 2, the gear stages
shown in conjunction with the arrows being obtained.
The coupling sleeves 13, 24, 25 each have three
positions, two gear positions and a neutral position N
(central position). The coupling sleeve 26 has one gear
position and a neutral position N. The displacement of
the coupling sleeves is brought about by respective
servo devices 40, 41, 42 and 43 indicated
diagrammatically in Figure 2, which can be
pneumatically operated piston/cylinder arrangements of
the type used in a gearbox of the type described above

which is marketed under the name I-shift.

The servo devices 40, 41, 42 and 43 are controlled by
an electronic control unit 45 (see Figure 1),
comprising a microcomputer, depending on signals fed
into the control unit representing various engine and
vehicle data comprising at least engine speed, vehicle
speed, throttle pedal position and, where appropriate,
engine brake on/off, when an electronic gear selector
46 coupled to the control unit 45 is in its automatic
shifting position. When the selector is in the position
for manual shifting, shifting takes place at the

command of the driver via the gear selector 46.

When shifting of the unsynchronized gears takes place,
the speed is synchronized by precision control of the
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rotational speed of the engine 1. The disk clutch 3 is
therefore engaged so that the rotational speed of the
main shaft 10 and the rotational speed of the
intermediate shaft 11 are adapted to a new ratio
selected in the basic gearbox. The engine speed is
regulated depending on the fuel quantity injected and
the engine brake. The control unit 45 requests engine
speed and/or engine torque from the engine control unit
50 which controls the fuel injection. When shifting of
synchronized gears takes place, the speed adaptation is

effected by means of synchronizing rings.

In Figures 1 and 2, reference number 32 designates a
coupling-dependent power take-off coupled to the
intermediate shaft 11. The power take-off wusually
congists of a housing mounted on the side or rear end
wall of the gearbox. By means of an engaging and
disengaging device (not shown), the input shaft (not
shown) of the power take-off 32 can be connected in a
rotationally fixed manner to the intermediate shaft 11.
The engaging and disengaging device of the power take-
off 32 1is controlled by the control wunit 45. The
control unit 45 receives a request for engagement and
disengagement of the power take-off 32 from a device 33
for controlling the power take-off 32, which device 33
is connected to the control unit 45. The device 33 may
be a control which is operated by the driver of the
vehicle or an automatic arrangement which, via some
form of sensor for example, senses a parameter change,
which initiates engagement or disengagement of the
power take-off. When the power take-off 32 is engaged,
it is therefore driven by the engine 1 via the disk
clutch 3, the split gear 12, 16 or 15, 17 and also the
intermediate shaft 11. The power take-off 32 is usually
equipped with one or more gearing possibilities on the
at least one output shaft (not shown) of the power
take-off. A desired unit to be driven is coupled to the

output shaft of the power take-off 32.
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The method according to the invention makes possible
engagement or disengagement of the power take-off when
the vehicle is being driven. Therefore, the vehicle is
in motion, a basic gear is engaged, and a split gear is
engaged. In this vehicle state, the control unit 45 is,
according to the invention, programmed so that, when
the control unit 45 receives an input signal from the
device 33 indicating that the power take-off 32 is to
be engaged, the control unit 45 controls the engine
torque so that the input shaft 7 of the gearbox 9

becomes torqueless or virtually torqueless.

When the input shaft 7 is torqueless or virtually
torqueless, the control unit 45 disengages the disk
clutch 3 and disengages the gear engaged in the basic
gearbox so that the latter is in neutral position. The
intermediate shaft 11 is therefore disengaged from the
driving wheels of the vehicle. In an alternative
embodiment, the gearbox can be equipped with a range
gear stage (not shown) with a low gear position, a high
gear position and a neutral position, which neutral
position could alternatively be used in order to
disengage the intermediate shaft 11 from the driving
wheels. After disengagement of the intermediate shaft
11, the control unit 45 waits wuntil the rotational
speed of the intermediate shaft 11 has been reduced to
a low  speed, typically 30 rpm or less in speed
difference between the rotational speed of the
intermediate shaft and of the input shaft of the power
take-off 32. The reduction in the rotational speed of
the intermediate shaft 11 can be accelerated, for
example by means of an intermediate shaft brake 34
(shown only in Figure 2) arranged on the intermediate
shaft 11. The braking function of the intermediate
shaft brake 34 is controlled by the control unit 45.

In the next step, the control unit 45 engages the power
take-off 32 by means of the engaging and disengaging
device (not shown) of the power take-off. The control
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unit 45 then adapts the reengagement of the disk clutch
3 at a low engine speed. If the engaging and
disengaging device of the power take-off is of the claw
coupling type, the disk clutch 3 is slipped in in such
a way that any gear tooth against gear tooth situation
in the claw coupling is eliminated. When the power
take-off 32 is engaged, the disk clutch 3 is engaged

fully, if appropriate via a torque control procedure.

According to an advantageous embodiment of the
invention, the control unit 45 is programmed so as,
after engagement of the power take-off 32, to select
the previously engaged gear in the basic gearbox.
Alternatively, the control unit can adapt the gear
selection in the basic gearbox taking account of the
power take-off 32 and/or taking account of equipment
(not shown) driven by the power take-off 32 and also
the current or future state of the vehicle in other
respects. The speed of the engine 1 is adapted to the
gear which has been selected before the gear is
engaged. When the basic gearbox is engaged and the
engine 1 can therefore continue to drive the vehicle in
a selected direction of motion, the engine torque is
controlled to the driving torque requested by the

driver.

According to the invention, disengagement of the power
take-off 32 takes place in a corresponding way by the
control unit 45 first registering that disengagement
via the device 33 is requested. The control unit 45
then controls the output torque of the engine 1 so that
the main shaft 10 becomes torqueless ox virtﬁally
torqueless. The main shaft 10 is torqueless when the
torque from the engine 1 is the same as the torque
which drives the power take-off 32 taking account of
ratio. Measurement of the torque at the power take-off
ig therefore necessary. This is effected most easily by
arranging a torque transmitter on the input shaft of

the power unit or on the output end of the intermediate
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shaft toward the power unit. The control unit 45 then
puts the basic gearbox in neutral position so that the
intermediate shaft 11 of the gearbox is disengaged from
the driving wheels of the vehicle. This can take place
by means of all the gears in the basic gearbox being in
neutral position or alternatively, as mentioned above,
a range gear stage (not shown) being put in its neutral
position. The engine 1 ig then controlled, if possible,
so that the torque on the input shaft 7 of the gearbox
9 Dbecomes torqueless or virtually torqueless. The
control unit 45 then disengages the intermediate shaft
from the engine 1. This is effected by the disk clutch
3 being disengaged or alternatively the split gear part
12, 16, 15, 17 of the gearbox being put in its neutral
position. When then the intermediate shaft 11 1is
completely disengaged from the engine 1 and driving
wheels of the vehicle, the control unit 45 disengages
the power take-off 32 by means of the engaging and
disengaging device of the power take-off 32. For the
next step, the control unit 45 can be programmed SO
that, if the split gear was in neutral position, the
previously engaged split gear is selected or, 1if the
disk clutch 3 was disengaged, the disk clutch 3 is
engaged. The rotational speed of the engine is then
controlled to synchronous speed with the selected gear
in the basic gearbox. The control wunit can be
programmed so that the previous basic gear is selected
or alternatively a new basic gear is selected along the
current state of the vehicle, that is to say account
can be taken of the fact that the power take-off is no
longer engaged and/or of current or future vehicle
speed and road topography. This can also apply to the
selection of split gear and in the case of the engaging
method for the power take-off. When the basic gearbox
is engaged and the engine 1 can therefore continue to
drive the vehicle in a selected direction of motion,
the engine torque is controlled to the driving torque

requested by the driver.
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In another embodiment of the invention, a torque
transmitter 27 is arranged on the input shaft 7 of the
gearbox 9. By means of a torque transmitter 27 arranged
on the input shaft 7, the control unit 45 can better
control the output torque of the engine 1 and the
extent of engagement of the disk clutch 3.

Tn an embodiment of the invention, the driver of the
vehicle can advantageously be provided with £feedback
about the engaging/disengaging function of the power
take-off by means of an indicator lamp and/or
information on a display or another information device

connected to the vehicle.

The invention can also be applied to gearboxes without

a split gear part.

The invention can also be applied to gearboxes with one

or more synchronized gears in the basic gearbox.

The invention is not to be considered as being limited
to the illustrative embodiments described above, but a
number of further variants and modifications are
conceivable within the scope of the patent claims

below.
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Patent Claims

1. An automatic engaging method for a coupling-

dependent power take-off (32) in a vehicle when the

vehicle is in motion, which power take-off (32) is
driven by an engine (1), arranged in the vehicle, via
an automated disk clutch (3) which in turn is coupled
to an automatic stage-geared gearbox (9) in which an
intermediate shaft (11) for driving the power take-off

(32) is arranged, where at least one control unit (45)

controls the gearbox (9), the disk clutch (3) and the

engine (1), the engaging method being characterized by
the steps:

- the control unit (45) registers that engagement of
the power take-off (32) is requested;

- the control unit (45) disengages the disk clutch
(3) and puts the gearbox (9) in neutral position
so that the intermediate shaft (11) of the gearbox
(9) is disengaged from the driving wheels of the
vehicle;

- the control unit (45) engages the power take-off
(32).

2. The automatic engaging method as claimed in claim
1, where the method is further characterized by the
step that, before the control unit (45) disengages the
disk clutch (3), the control wunit (45) controls the
output torgue of the engine (1) so that the input shaft
(7) of the gearbox (9) becomes virtually torqueless.

3. The automatic engaging method as claimed in claim
2, where the method is further characterized by the
step that the control unit (45) measures the torque of
the input shaft (7).

4. The automatic engaging method as claimed in any
one of the preceding claims, where the method 1is
further characterized Dby the step that, before
engagement of the power take-off (32) takes place, the
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control unit (45) ensures that the rotational speed of
the intermediate shaft (11) is reduced.

5. The automatic engaging method as claimed in any
one of the preceding claims, where the method is
further characterized by the steps that, after
engagement of the power take-off (32), the control unit
(45) couples the disk clutch (3) together and engages a
previously selected or a newly selected total ratio in
the gearbox (9) after adaptation of the speed of the

engine (1) to the selected gear.

6. An automatic disengaging method for a coupling-
dependent power take-off (32) in a vehicle when the
vehicle is in motion, which power take-off (32) is
driven by an engine (1), arranged in the vehicle, via
an automated disk clutch (3) which in turn is coupled
to an automatic stage-geared gearbox (9) in which an
intermediate shaft (11) for driving the power take-off

(32) is arranged, where at least one control unit (45)

controls the gearbox (9), the disk clutch (3) and the

engine (1), the disengaging method being characterized
by the steps:

- the control unit (45) registers that disengagement
of the power take-off (32) is requested;

- the control unit (45) puts the gearbox (9) in
neutral position so that the intermediate shaft
(11) of the gearbox (9) 1is disengaged from the
driving wheels of the wvehicle;

- the control unit (45) disengages the disk clutch
(3) or puts a split gear (12, 16, 15, 17) in
neutral position;

- the control unit (45) disengages the power take-
off (32).

7. The automatic disengaging method as claimed in
claim 6, where the method is further characterized by
the step that the control unit (45) measures the torque

at the power unit (32).
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8. The automatic disengaging method as claimed in one
of claims 6 or 7, where the method is further

¢haracterized by the step that, before the control unit
(45) puts the gearbox (9) in neutral position so that
the intermediate shaft (11) of the gearbox (9) is
disengaged from the driving wheels of the wvehicle, the
control unit (45) controls the output torque of the
engine (1) so that the main shaft (10) of the gearbox
(9) becomes torqueless or virtually torqueless.

9. The automatic disengaging method as claimed in any
one of claims 6 to 8, where the method is further
characterized by the step that, before the control unit
(45) disengages the disk clutch (3) or puts a split
gear (12, 16, 15, 17) in neutral position, the control
unit (45) controls the speed of the engine (1) so that
the dinput shaft (7) of the gearbox (9) becomes

virtually torqueless.

10. The automatic disengaging method as claimed in any
one of claims 6 to 9, where the method is further
characterized by the step that, after disengagement of
the power take-off (32), the control unit (45) couples
the disk clutch (3) together or engages a split gear
(12, 16, 15, 17) and engages a previously selected or a

newly selected total ratio in the gearbox (9).

11. The automatic disengaging method as claimed in any
one of claims 6 to 10, where the method is further
characterized by the step that the control unit (45)
measures the torque of the input shaft (7).

12. A device for controlling a coupling-dependent
power take-off (32) in a vehicle, which power take-off
(32) is driven by an ' engine (1), arranged in the
vehicle, via an automated disk clutch (3) which in turn
is coupled to an automatic stage-geared gearbox (9) in
which an intermediate shaft (11) for driving the power
take-off (32) is arranged, the device comprising at
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least one control unit (45) for controlling the gearbox
(9), the disk clutch (3), the engine (1) and an
engaging or disengaging device for the power take-off,
characterized in that a torque transmitter is arranged
at the power take-off for measuring loading on the

power take-off.

13. The device ag claimed in claim 12, characterized
in that a second torque transmitter (27) is arranged on

an input shaft (7) of the gearbox (9).

14. The device as claimed in one of claims 12 or 13,
characterized in that said torque transmitter is

arranged to communicate with the control unit (45).
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