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(57) Abstract: Drive means for motor vehicles, comprising an internal combustion engine (1) and an unsynchronised automated
multi-stage gearbox (9). The clutch and the gearbox are controlled by an electronic transmission control unit (45) which communi-
cates with an engine control unit (48), to which are fed signals representing the selected gear from a gear selector (46) and signals
representing various engine and vehicle data. At least one auxiliary unit (61) is engagable to and disengagable from a power takeoff
(62) with the aid of manual and/or automatic switch means (63). An override function can be programmed into the transmission
control unit so that the transmission control unit takes over the control of the auxiliary unit at the beginning of shifting and returns
control of the auxiliary unit to the switch means after completed shifting.
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Drive means for motor vehicles

The present invention relates to a drive means for motor vehicles, comprising
an internal combustion engine and, connected to the crankshaft of the engine
via a disc clutch, an input shaft of a multi-stage gearbox which has at least one
intermediate shaft which is mounted in a casing and has at least one gear
wheel in engagement with a gear wheel on the input shaft, a main shatft,
mounted in the casing, with gear wheels which engage with gear wheels on
the intermediate shaft, at least one gear wheel in each pair of mutually
engaging gear wheels on the intermediate shaft and the main shaft being
mounted rotatably on its shaft and being lockable on its shaft by engaging
means, of which the engaging means for at least some of the forward gears
lack synchronisation function, and also operating means which interact with
the engaging means and are controlled by a control means, connected to a gear
selector, and having a transmission control function and an engine control
function, and to which are fed signals representing the selected gear and
various engine and vehicle data, which comprise at least engine speed,
rotational speed of the transmission input shaft and vehicle speed, and at least
one auxiliary unit, which can be coupled by manual and/or automatic
switching means can be coupled to or decoupled from a power take-off on the

vehicle.

Drive means of this type with automated stepped gearboxes known as
autoshift gearboxes have become increasingly common in heavy-duty vehicles
as microcomputer technology has developed further and made it possible to
use a control computer and a number of actuators, for example servo motors,
to precision-regulate engine speed, engagement and disengagement of the

clutch and also the engaging means of the gearbox in relation to one another,
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so that smooth shifting is always obtained even when shifting between
unsynchronised gear steps. The synchronisation during shifting is done in this
gearbox type by controlling the engine speed. The advantage of this type of
automatic gearbox compared with a conventional automatic gearbox
constructed with planetary gear stages and with a hydrodynamic torque
converter on the input side is, firstly, especially as far as use in heavy-duty
vehicles is concerned, that it is simpler and more robust and can be produced
at a considerably lower cost than the conventional automatic gearbox, and,
secondly, it has greater efficiency, which means that lower fuel consumption
is possible. In a gearbox consisting of an unsynchronised stepped main group
and a range group the absence of synchronizations reduces costs even further.
The absence of synchronization means makes it possible to make the gearbox
shorter or, alternatively, with a set length, make the gears wider than in a
synchronized gearbox of the same length, to thereby make it possible to

transmit higher torque.

Generally, at least three control parameters, namely: engine rpm, torque on the
gearbox input shaft and vehicle speed determine when shifting shall occur
according to a shifting strategy stored in an engine and transmission control
computer. The torque on the gearbox input shaft is equated here with the
engine torque, i.e. the load on the engine, which is obtained from sensors
indicating the amount of fuel supplied to the engine, for example a flowmeter
or sensor indicating accelerator pedal position. When initiating shifting, i.e.
disengagement of an engaged gear, the torque transmission between the
engine and the gearbox must be as small as possible. Preferably the drive
chain should be torqueless to achieve jerk-free diséngagement. In to the
control computer there are programmed values of how large the supplied fuel

amount should be for different shifting points so that the torque on the
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gearbox input shaft will be close to zero or in any case so low that an engaged
gear can be disengaged without any unpleasant jerking. After disengagement
of the gear, the control computer controls the engine speed for synchronisation
with the rpm of the gear to be engaged. When the rotational speeds have been

synchronized, the new gear is engaged.

If one or more auxiliary units, such as a hydraulic pump, air compressor,
cooing fan and or AC compressor are coﬁpled to power take offs on the
engine before the clutch, the engine torque signal will indicate torque
transmission even when the torque transmission between the engine and the
gearbox is zero. The torque levels to the auxiliary units must therefore be
estimated and festered in the control computer and the engine control must
take into account whether one of more auxiliary units are engaged or

disengaged.

The auxiliary units can be completely manual, completely automatic or
switchable between manual or automatic. An example of the first category
would be a hydraulic pump for driving various hydraulic equipment in the
vehicle. An air compressor or a cooling fan is usually controlled automatically
via a sensor which senses the pressure in a compressed air accumulator or a
sensor which senses the engine temperature. An AC compressor can, on the
other hand, usually be controlled either manually via manual controls or

automatically via automatic controls settable to the desired cab temperature.

If the operating state of the auxiliary equipment is changed after the
transmission control computer has initiated shifting, but before the

synchronisation of the engine speed with the rotational speed for the selected
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gear has been completed, the engine speed control will be affected, making it

imprecise or slow.

A general purpose of the present invention is to achieve a motor vehicle drive
unit of the type described by way of introduction, which permits rapid and
exact control of the engine speed during shifting, by preventing manual or
automatic engagement or disengagement of one or more auxiliary units during

the shifting process.

This 1s achieved according to the invention by virtue of the fact that the
control means are arranged , at initiation of shifting to take over from the
switching means the control of the engagement or disengagement of the
auxiliary unit and, upon completed shifting to allow the controlling of the

auxiliary unit to return to the associated switching means.

In one embodiment of the drive unit according to the invention, said control
means are disposed at initiation of shifting to hold the auxiliary unit in its

current operational state regardless of the switching means and at completed
shifting to lift the hold. Thus the auxiliary units cannot disturb and delay the

synchronisation process.

In a preferred further development of the drive unit according to the invention,
the purpose is to achieve active control of the engagement and disengagement
of the auxiliary units in such a manner that the time for rotational speed
adjustment during synchronisation will be optimally short. This is achieved
according to the invention by virtue of the fact that the control means, at the
beginning of shifting to a higher gear, involving a drop in engine speed, to

control all of the auxiliary units, if the circumstances permit, to load the
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engine maximally. Upon initiation of shifting to a lower gear, involving
increasing the engine speed, the control in converse, so that all of the auxiliary

units, as circumstances allow, are disengaged from the engine.

The invention will be described in more detail with reference to examples
shown in the accompanying drawings, where Fig. 1 shows a schematic
representation of a drive unit according to the invention and Fig. 2 shows the

clutch and the gearbox of Fig. 1 on a larger scale.

In Fig. 1, 1 designates a six-cylinder internal combustion engine, e.g. a diesel
engine, the crankshaft 2 of which is coupled to a single-disc dry-disc clutch,
gene-rally designated 3, which is enclosed in a clutch bell 4. Instead of a
single disc clutch, a dual disc clutch can be used. The crankshaft 2 is solidly
joined to the clutch housing 5, while its disc 6 is solidly joined to an input
shaft 7 (Fig. 2) which is rotatably mounted in the housing 8 of a gearbox,
generally designated 9. A main shaft 10 (Fig. 2) and an intermediate shaft 11
(Fig. 2) are rotatably mounted in the housing 8.

As is most clearly evident from Fig. 2, a gear 12 is rotatably mounted on the
input shaft 7 and can be locked to such shaft with the aid of an engaging
sleeve 13 provided with synchronizing means. Said engaging sleeve 13 is non-
rotatably but axially displaceably mounted on a hub 14 non-rotatably
connected to the input shaft. With the aid of the engaging sleeve 13, a gear 15,
rotatably mounted on the main shaft 10, is lockable relative to the input shaft
7. The gears 12 and 15, respectively, engage gears 16 and 17, respectively,
which are non-rotatably joined to the intermediate shaft 11. Additional gears
18, 19 and 20, respectively, are non-rotatably joined to the intermediate shaft

11 and engage gears 21, 22 and 23, respectively, on the main shaft 10 and
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lockable to the main shaft with the aid of engaging sleeves 24 and 25,
respectively, which in the example shown do not have synchronizing means.
On the main shaft 10, an additional gear 28 is rotatably mounted and engages
an intermediate gear 30 rotatably mounted on a separate shaft 29. The
intermediate gear 30 engages in turn an intermediate shaft gear 20. The gear

28 is lockable to its shaft with the aid of an engaging sleeve 26.

The gear pairs 12, 16 and 15, 17 and the engaging sleeve 13 form a splitter
group with a low stage LS and a high stage HS. The gear pair 15, 17 together
with the gear pairs 21, 18, 22, 19, 23, 20 and 28, 30 form a main group with
four speeds forward and one reverse. At the output end of the main shaft 10, a
gear 31 is non-rotatably mounted to form the sun gear in a two-range group of
planetary type, generally designated 32, the planet carrier 33 of which is non-
rotatably mounted to a shaft 34, forming the output shaft of the gearbox. The
planet gears 35 of the range group 32 engage a ring gear 36 which, with the
aid of an engaging sleeve 37, can be locked relative to the gearbox housing 8
for low range LR and relative to the planet carrier 33 for high range HR. The
engaging sleeve 37 also has a neutral position NR lying between low range
LR and high range HR, in which neutral position the output shaft 34 is

released from the main shaft 10.

The engaging sleeves 13, 24, 25, 26 and 37 are displaceable as indicated by
the arrows in Fig. 2, providing the gear positions indicated above the arrows.
Displacement is achieved by servo means 40, 41, 42, 43 and 44, schematically
indicated in Fig. 2, which can be pneumatically operated piston-cylinder
devices of the type used in a gearbox of the above described type, which is
marketed under the name Geartronic®. The servo means are controlled by an

electronic control unit 45 (Fig. 1), comprising a microcomputer depending on
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signals fed into the control unit representing various engine and vehicle data,
including at least engine speed, vehicle speed, clutch and accelerator pedal
position and, where applicable, engine brake on-off, when an electronic gear
selector 46 coupled to the control unit 45 is in its automatic position. When
the selector is in its position for manual shifting, the shifting occurs at the
command of the driver via the gear selector 46. The control unit 45 also
controls the fuel injection, i.e. the engine speed, depending on the accelerator
pedal position and the air supply to a pneumatic piston-cylinder device 47, by

means of which the clutch 3 is engaged and disengaged.

The transmission control unit 45 is programmed in a known manner so that
the clutch 3 is held engaged when the vehicle is standing still and the gear
selector 46 is in the neutral position. This means that the engine is driving the
input shaft 7 and thus also the intermediate shaft 11, while the output shaft 34
is disengaged. Supplementary apparatus driven by the intermediate shaft, e.g.
an oil pump for lubricating the gearbox, is driven in this position. The control
unit 45 is also programmed, when the vehicle is standing still and then brake
the intermediate shaft 11 to stop with the aid of the intermediate shaft brake
50 indicated in Fig. 2, and which can be a braking device of a type known per
se and controlled by the control unit 45. With the intermediate shaft 11 braked
to stop or at least nearly to stop, the control unit 45 now initiates shifting in
the main group a starting off gear which provides the total gear ratio selected
by the automatic transmission or by the driver. When the driver, after engage-
ment of the selected starting off gear, e.g. first gear, depresses the accelerator,
the accelerator pedal will function as a reversed clutch pedal, which, via the
transmission control unit successively increases the clutch engagement with

increasing throttle opening.
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When shifting- initiated either directly by the driver or by automatic control
means in accordance with a gear selection strategy stored in the transmission
control unit 45, which can take into account hw the vehicle surroundings will
appear in the immediate future, the transmission control unit 45 first controls
the engine control unit 48 to regulate the fuel supply to the engine, so that a
torqueless or practically torqueless state is created in the vehicle drive chain.
In other words, the torque transmission from the engine crankshaft 2 to the
input shaft 7 of the gearbox 9 must be zero or at least practically zero. The
transmissfon control unit 45 receives continuous information on, and registers

the current engine torque via, the amount of fuel injected.

61 designates generally one or more auxiliary units, which are driven from
one or more engine driven/engine mounted power take-offs 62 before the
clutch 3. The auxiliary units 61, for example a hydraulic pump, a cooling fan,
a generator, an air compressor or an AC compressor, can be engaged to be
driven by the engine or can be disengaged by manual and/or automatic
controls 63 coupled to the engine control unit 48. If one or more auxiliary
units 61 are engaged via the controls 63 the engine load will be increased and
more fuel will be required for synchronisation than if no auxiliary unit were
engaged and the torque levels. The transmission control unit 45 can compute
the torque levels for these and can direct the engine control unit 48 to regulate
the fuel amount to the engine towards zero torque to the transmission input
shaft when disengaging the current gear and for speed synchronisation with

the gearbox speed for the new gear.

In order to prevent automatic or unintentional manual switching of one or
more controls 63 from being able to engage or disengage one or more

auxiliary units 61, from initiation of shifting until the synchronisation has
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been completed, which would affect the engine control during the shifting
process and make it imprecise or slower than otherwise, the transmission
control unit 45 is programmed according to the invention to take over, with an
override function, control of the auxiliary units 61 from the controls 63 from
initiation of shifting until completion of shifting. Thereafter the transmission

control unit 45 returns control of the auxiliary units to the controls 63.

This can means that in one embodiment the transmission control unit 45 is
programmed to hold all auxiliary units 61 in the operational state which they
are in when the shifting has been initiated, and lift the hold upon complete

shifting.

In a preferred further development of the present invention, the transmission
control unit 45 is programmed to actively control the auxiliary units 61 to
achieve a more rapid shifting than when the auxiliary units 61 as described
above are merely held in their current operating state. The transmission
control unit 45 is programmed to load, when shifting up, the engine with as
many auxiliary units 61 as are suitable with regard to operating conditions.
For example it may be unsuitable to engage an air compressor, if there is
maximum pressure in the associated pressure accumulator. Conversely, the
transmission control unit 45 is programmed when downshifting to disengage
as many auxiliary units 61 as suitable with regard to operating conditions.
Here, for example, it can be unsuitable to disengage a cooling fan if the engine

temperature is higher than normal.
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Claims

1. Drive unit for motor vehicles, comprising an internal combustion engine
(1) and a step gearbox input shaft (7) connected via a disc clutch (3) to the
engine crankshaft (2), said st'ep gearbox (9) having at least one inter-
mediate shaft (11) mounted in a housing, said intermediate shaft (11)
having at least one gear (16, 17) in engagement with a gear (12, 15) on the
nput shaft, a main shaft (10) which is mounted in the housing and has
gears (15, 21, 22, 23) engaging gears (17, 18, 19, 20) on the intermediate
shaft, at least one gear in each pair of interengaging gears on the inter-
mediate shaft and the main shaft being rotatably mounted on its shaft and
lockable by engaging means (13, 24, 25) of Which at least some forward
gears lack a synchronization function, and operating means (40,41,42),
cooperating with the engaging means and being controlled by control
means (45,48) which are connected to a gear selector (46) and have
transmission control function and engine control function, signals being
fed into said control means representing the selected gear and various
engine and vehicle data, at least including engine speed, gearbox input
shaft speed and vehicle speed, and at least one auxiliary unit (61), which,
by means of manual and/or automatic switching means (63), can be
engaged to or disengaged from a power takeoff (62) on the engine,
characterized in that the control means (45,48) are arranged, at initiation
of shifting to take over from the switching means (63) the control of the
engagement or disengagement of the auxiliary unit (61) and , upon
completed shifting to allow the controlling of the auxiliary unit to return to

the associated switching means.
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2. Drive unit according to claim 1, characterized in that said control
means (45, 48) are disposed at initiation of shifting to hold the auxiliary
unit (61) in its current operational state regardless of the switching means

(63) and at completed shifting to lift the hold.

3. Drive unit according to claim 1, characterized in that said control
means (45,48) are disposed, upon initiation of shifting to a higher gear than
the current gear, regardless of the settings of said switch means (63), to

control the auxiliary unit (61) to load the engine.

4. Drive unit according to claim 3, characterized in that said control
means (45, 48) are disposed to control the auxiliary unit (61) to maximally

load the engine.

5. Drive unit according to Claim 1, characterized in that said control
means (45,48) are disposed, upon initiation of shifting to a gear lower than
the current gear, regardless of the setting to said switch means (63), to

control the auxiliary unit (61) to load the engine to a minimum.

6. Drive unit according to one of Claims 1-5, characterized in that said
control means (45,48) comprise a transmission control unit (45) and an

engine control unit (48) which communicate with each other.
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