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(57) Abstract: Powertrain (1, 3, 9) for motor vehicles, comprising an internal combustion engine (1) and a stagegeared gearbox
(9), which has a direct gear and an indirect gear with intermeshing toothed gears (12, 15, 16, 17, 18, 19, 20, 21, 22, 23). A control
element (45, 48) is designed, in response to an input signal indicating that a direct gear is engaged, to be capable of controlling and/or
regulating the engine (1) so that the engine can deliver a higher maximum permitted torque than when the direct gear is not engaged.
The increase in the maximum permitted torque is allowed only if the efficiency of the powertrain (1, 3, 9) with direct gear engaged
and increased engine torque is superior to the efficiency of the powertrain (1, 3, 9) when any of the indirect gears (12, 15, 16, 17, 18,
19, 20, 21, 22, 23), having a lower maximum permitted engine output torque are engaged.
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Powertrain for motor vehicle

BACKGROUND OF THE INVENTION

The present invention relates to a powertrain
comprising an internal combustion engine and a
stagegeared gearbox connected to the engine crankshaft
by way of a multi-disc clutch. At least one control

element controls and regulates at least the engine.

DESCRIPTION OF THE PRIOR ART

Automatic gearboxes of the automated stagegeared
gearbox type have become ever more common in heavier
vehicles with the increasing development of
microprocessor systems, making it possible, with a
control computer and a number of control devices, such
as servomotors, for example, to precisely regulate the
engine speed, engagement and disengagement of an
automatic clutch between engine and gearbox, and
gearbox clutch members in relation to one another, so
that smooth gear changes are always achieved at the
correct engine speed. The advantage with this type of
automatic gearbox compared to a conventional automatic
gearbox made up of planetary gear trains and having a
hydrodynamic torgue converter on the inlet side lies
partly in the fact that it is simpler and more robust
and can be manufactured at substantially lower cost
than the conventional automatic gearbox, especially
where used in heavy vehicles, and partly in that it
affords greater efficiency, which means scope for
reduced fuel consumption.

The development of computer technology has also had an
impact on electronic control and feedback systems for a

vehicle engine, and these systems have become more
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precise, faster and more adaptable to prevailing engine
and environmental conditions. The entire combustion
process can be precisely controlled according to any
operating situation. Mention should also be made here
of wvarious sensors for the detection of parameters
essential for engine feedback and control.

A manufacturer of internal combustion engines usually
optimizes an engine design in order to achieve a
certain engine power output, low fuel consumption, good
efficiency and high torque. By designing software
incorporated into the engine control unit in a certain
way, it 1is possible to = precisely determine the
appearance of an engine torque and speed curve, that is
to say what maximum torgue the engine must be capable
of delivering at a certain number of revolutions. This
is done, in a supercharged engine (exhaust turbocharger
or compressor driven by the crankshaft), for example,
by controlling the boost pressure in such a way that a
certain maximum torque is obtained at a certain number
of revolutions. The design dimensions of the engine
hardware naturally impose purely physical or strength
limits on what the engine can on the whole deliver. The
manufacturer selects a torque and engine speed curve of
a certain appearance for a particular engine model
according to which the engine is allowed to deliver its

maximum torque.

If, in driving the vehicle, the engine speed rises or
falls to such an extent that the maximum engine torque
is insufficient, the vehicle transmission (gearbox)
should be shifted up or down so that the engine torque
can be Dbetter utilized. By means of gearboxes as
described above, the gearing between the engine and the
vehicle’s driving wheels is adjusted so that the engine
speed attains a 1level for which the corresponding
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maximum torque is sufficient. The engine and the

gearbox form the vehicle powertrain.

A stagegeared gearbox usually comprises an input shaft,
an intermediate shaft, which has at least one toothed
gear meshing with a toothed gear on the input shaft,
and main shaft with toothed gears, which mesh with
toothed gears on the intermediate shaft. The main shaft
is then further connected to an output shaft coupled to
the driving wheels by way of a prop shaft, for example.
Each pair of toothed gears has a different gear ratio
from another pair of gears in the gearbox. Different
transmission ratios are obtained in that different
palirs of gears transmit the torque from the engine to
the driving wheels. Between two interacting and
rotating toothed gears in a gearbox friction losses
occur between the teeth of each of the toothed gears
which are in engagement.

In some stagegeared gearboxes the highest gear (lowest
gear ratio) 1is a so-called direct gear. This implies
that the input shaft and the main shaft (or the output
shaft) in the gearbox are directly connected to one
another when the direct gear is engaged, which means
that the torgque is transmitted straight through the
gearbox without any gearing. It may alternatively be
said that the transmission ratio is 1l:1. Consequently
no losses occur between meshing gears. In other words
the direct gear is, all in all, a more fuel-saving gear
than the other indirect gears, the transmission ratios
of which are obtained through the pairs of toothed
gears.

Driving a vehicle in a direct gear saves fuel in that
friction losses in the gearbox are lower. When the
vehicle encounters a sufficiently increased rolling
resistance, due to a steeper uphill gradient, for
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example, or increasing headwind, the vehicle may begin
to slow down due to the fact that the maximum torque
from the engine is not sufficient to keep the vehicle

speed constant.

In order to obtain greater motive force on the
vehicle’s driving wheels, an automatic stagegeared
gearbox will change down to a lower gear (higher gear
ratio). Owing to the new higher gearing of the engine
torque, the powertrain will now hopefully be able to
deliver a sufficient torque to the driving wheels to be
at least capable of maintaining a somewhat slower
speed.

The equivalent can be said to occur in the case of
brief braking in which the speed reduction does not
directly cause changing down, but the vehicle speed
after braking is such that the corresponding engine
speed and maximum torque with the direct gear engaged
are insufficient and the vehicle begins to decelerate

and the gearbox will then change down.

Whilst the direct gear is fuel-saving, it is usually at
the same time also the most powerful from the strength
point of view, that is to say it manages to transmit
higher torque than other gears in which the torque is
transmitted wvia the toothing systems on the toothed
gears meshing in the gear pair for each particular

gear.

US 5876302 shows an arrangement in which the engine
control unit permits a higher engine output torque when
a direct gear in a stagegeared gearbox is engaged. The
object according to this arrangement is to utilize the
greater strength of the direct gear. As soon as the
control unit receives an input signal indicating that a
direct gear is engaged, the engine control unit allows
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engine.

US 5679096 shows an arrangement in which a stagegeared
gearbox 1is equipped with direct gear and so-called
overdrive gears enhanced from the strength standpoint
(that 1is to say overdrive gear in which the
transmission ratio between the rotational speed of the
gearbox input and output shafts is less than 1:1). In
this way a higher maximum permitted engine output
torque can be allowed for the direct gear and the
overdrive gears compared to the lower gears. When the
control unit receives an input signal indicating that a
direct gear or overdrive gear 1is engaged, the engine
control unit allows a higher maximum permitted output

drive torque from the engine.

In the prior art, driving with direct gear and an
increase in the maximum permitted engine output torque
does not necessarily mean that the vehicle is Dbeing
driven with greater fuel economy than if the vehicle
were driven with an indirect gear with a lower maximum
permitted engine output torgue.

There 1is therefore a need to reduce the fuel
consumption of vehicles in which the wvehicle engine
with direct gear engaged can deliver an increased
maximum permitted torque. This is the primary object of

the invention described below.

SUMMARY OF THE INVENTION

According to the invention this object is achieved by
the solution described in claim 1, with due reference
to the arrangement according to the invention. Claims 2
to 6 describe preferred embodiments and developments of

the arrangement according to the invention.
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The arrangement according to the invention relates to a
powertrain for motor vehicles, comprising an internal
combustion engine and an input shaft to a stagegeared
gearbox connected to the engine crankshaft by way of a
multi-disc clutch, the gearbox having at least one
direct gear and at least one indirect gear with
intermeshing toothed gears. A control element having at
least one engine control function 1is arranged in the
vehicle, the control element registering input signals
representing the gear selected and various engine and
vehicle data, which as a minimum cover the engine speed
or revolutions of the input shaft or the vehicle speed.
The control element 1is designed, in response to an
input signal indicating that a direct gear is engaged,
to be capable of controlling and/or regulating the
engine so that the engine can deliver a higher maximum
permitted torque than when the direct gear is not
engaged. The arrangement is characterized in that the
control element is designed to allow the increase in
the maximum permitted torque only if the efficiency of
the gearbox or powertrain with direct gear engaged and
increased maximum permitted engine output torque is
superior to the efficiency of the gearbox or powertrain
when any of the indirect gears having a lower maximum

permitted engine output torgue are engaged.

Thus the increase in the maximum permitted engine
output torque with direct gear engaged is only allowed
if the vehicle fuel consumption does not increase due
to the increase in the torque. If the efficiency with
increased engine torque 1is inferior, the control
element elects not to increase the maximum permitted
engine output torgque with direct gear engaged. Thus the
engine output torque will be insufficient and the
control element will therefore change down to a gear

affording greater efficiency.
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The advantage to this 1s that it achieves greater
efficiency of the vehicle, that is to say a lower
overall fuel consumption. The overall efficiency of the
vehicle is further improved compared to the prior art
if the efficiency comparison is based on the efficiency
of the powertrain. The function in which the
efficiencies are compared is suitably integrated into
the programmed gear selection strategy of the

transmission control unit.

Further advantages of the arrangement according to the
invention are that when the vehicle is driven more with
a direct gear engaged, fuel savings are achieved
because the overall friction losses are lower. This is
possible due to the fact that the control element for
engine and gearbox is programmed in such a way that the
engine has scope to deliver a higher maximum torque
only when a direct gear is engaged. In this way the
engine is able to maintain the vehicle speed in many
driving situations. The gearbox need not change down
until later, or 1in some cases not at all if the
increased torque continues to suffice for the future
rolling resistance. A further advantage is that
increased driving with the direct gear engaged gives a
longer gearbox service life, since no toothed gears in
the gearbox are under load when the direct gear is
engaged.

According to an advantageous first embodiment of the
arrangement according to the invention the control
element is designed to regulate the engine so that the
increased maximum torque is applied in one step and/or
continuously owing to the fact that the vehicle is not
allowed to accelerate through the delivery of extra
fuel.
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This has advantages in terms both of safety and fuel

economy. The increase in the torque is not allowed to
deliver a power boost, which can cause the wvehicle to
surge away. The driver can summon up acceleration only
by depressing the accelerator pedal further, or
alternatively by adjusting the setting on the cruise
control. Acceleration through the supply of fuel (as

distinct from acceleration due to gravity, for example)

can only occur at the normal maximum engine torque, that

is to say not under increased torque. The reason for
this is that the engine consumes a relatively 1large
amount of fuel in acceleration at increased maximum
torgque. By continuously increasing the maximum torque,

the increase can be adjusted whilst underway so that the
vehicle does not actually accelerate but does not slow
down either, the engine instead being able to maintain
the speed with the direct gear engaged. One alternative
is to increase or reduce the maximum torque in one or
more stages. According to an alternative embodiment the
increase in the maximum torque only occurs when the

vehicle is decelerating.

According to an advantageous second embodiment of the
arrangement according to the invention the increase in
the maximum torque only occurs on condition that the
mean speed of the vehicle does not increase in
comparison to what it would be if the maximum torque
were not increased.

The advantage to this 1is that unnecessary speed
increases are avoided. An increased speed means, for
example, that the air resistance of the vehicle
increases with the square of the corresponding speed

increase.

Further advantageous embodiments of the invention are
set forth in the succeeding dependent claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in more detail
below with reference to the drawings attached, which by
way of example show further preferred embodiments of
the invention and the technical background of the

invention.

Figure 1 shows a schematic diagram of an embodiment of

a powertrain according to the invention.

Figure 2 shows the clutch and the gearbox in figure 1
on a larger scale.

Figure 3 is a diagram basically showing how the maximum
torque varies with the rotational speed of the gearbox
output shaft. The magnitude of the torque and the
rotational speed in the figure is shown only by way of
example.

Figure 4 1is a triaxial diagram basically showing how
the overall efficiency of an engine varies as a
function of the engine torque and engine speed. The
magnitude of the efficiency, torque and rotational

speed in the figure is shown only by way of example.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In figure 1, 1 denotes a six-cylinder internal
combustion engine, for example a diesel engine, the
crankshaft 2 of which is coupled to a single-plate dry
multi-disc clutch generally denoted by 3, which is
enclosed in a clutch cover 4. Instead of a single-plate
multi-disc clutch a two-plate clutch may be used. The
crankshaft 2 is rotationally fixed by way of the engine
output shaft 51 (see figure 2) to the clutch housing 5
of the clutch 13 while the plate 6 thereof is
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rotationally fixed to an input shaft 7, which 1is
rotatably supported in the housing 8 of a gearbox
generally denoted by 9. A main shaft 10 and an
intermediate shaft 11 are also rotatably supported in
the housing 8. Also illustrated are an engine control
unit 48, a transmission control unit 45 and a manual
gear selector 46, coupled to the transmission control
unit 45. The transmission control unit 45 and the
engine control unit 48 are adapted for communication

with one another.

As will be most clearly seen from figure 2, a gear 12
is rotatably supported on the input shaft 7 and can be
locked to the shaft by means of a clutch sleeve 13
provided with synchromesh elements, the sleeve being
supported so that it cannot rotate but is axially
displaceable on a hub 14 rotationally fixed to the
input shaft. A gear 15, rotatably supported on the main
shaft 10, can also be locked in relation to the input
shaft 7 by means of the clutch sleeve 13. With the
clutch sleeve 13 in a central position both of the
toothed gears 12 and 15 are disengaged from their
respective shafts 7 and 10. The toothed gears 12 and 15
mesh with toothed gears 16 and 17 respectively, which
are rotationally fixed to the intermediate shaft 11.
Rotationally fixed to the intermediate shaft 11 are
further toothed gears 18, 19 and 20, which mesh
respectively with gears 21, 22 and 23, which are
rotatably supported on the main shaft 10 and can be
locked to the main shaft by means of clutch sleeves 24
and 25 respectively, which in the exemplary embodiment
are shown without synchromesh arrangements. A further
toothed gear 28 1is rotatably supported on the main
shaft 10 and meshes with an intermediate toothed gear
30 which is rotatably supported on a separate shaft 29
and in turn meshes with the intermediate shaft toothed
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gear 20. The toothed gear 28 can be locked to its shaft
by means of a clutch sleeve 26.

The gear pairs 12,16 and 15,17 and the clutch sleeve 13
form a splitter group with a low transmission stage LS
and a high transmission stage HS. The gear pair 15, 17,
together with the gear pairs 21, 18, 22, 19, 23, 20 and
28, 30 also form a main gearbox with four forward gears
and one reverse gear. Rotationally fixed to the output
end of the main shaft is a toothed gear 31, which forms
the sun gear in a two-speed range transmission of
planetary type denoted by 32, the planet wheel carrier
33 of which 1is rotationally fixed to a shaft 34, which
forms the gearbox output shaft. The planet wheel 35 of
the range transmission 32 meshes with an annular gear
36, which by means of a clutch sleeve 37 can be locked
in relation to the gearbox housing 8 for low range LR
and in relation to the planet wheel carrier 33 for high
range HR.

The clutch sleeves 13, 24, 25, 26 and 37 are
displaceable as indicated by the arrows in figure 2,
thereby obtaining the transmission stages shown next to
the arrows. The displacement is achieved by servo
devices 40, 41, 42, 43 and 44 shown schematically in
figure 2, which may be pneumatically actuated piston-
cylinder arrangements of the type used in a gearbox of
the type described above, which is marketed under the

designation Geartronic®.

The servo devices 40, 41, 42, 43 and 44 are controlled
by a transmission control wunit 45 (see figure 1),
comprising a microprocessor, as a function of signals
fed into the control unit and representing various
engine and vehicle data covering at least the engine
speed, vehicle speed, accelerator pedal position and,
where applicable, engine brake off/on, when an
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electronic gear selector 46 coupled to the control unit
45 1is in its automatic shift position. When the
selector is in the position for manual shifting, gear
shifting is performed at the driver'’'s command via the
gear selector 46. The control unit 45 also controls the
fuel injection, that is to say the engine speed, as a
function of the accelerator pedal poéition and the air
admission to a pneumatic piston-cylinder arrangement
47, by means of which the multi-disc clutch 3 is
disengaged or engaged.

In the embodiment shown, the direct gear in the gearbox
9 is engaged when gear 4HS is engaged and when the
range transmission 32 has the high-range position HR
engaged. Gear 4HS is engaged when the clutch sleeve for
the splitter group 13 is in its high transmission stage
HS and the clutch sleeve 24 locks the gear 15 to the
shaft 10, i.e. the clutch sleeve 24 is carried to the
left in figure 2. When the range transmission 32 is in
the high range position HR, the gearbox main shaft 10
is directly coupled to the gearbox output shaft 34. The
torque from the engine 1 therefore passes straight
through the entire gearbox in that the shafts 51 and 10
are directly coupled together and the shafts 10 and 34
are coupled together.

Figure 3 shows the necessary torque that is basically
required on the gearbox output shaft 34 in order to
cope with an assumed rolling resistance. This is shown
by the horizontal line (required torque (Nm)), which
according to the example in figure 3 is in the order of
approximately 2100 Nm. The rotational speed in figure 3
shows the rotational speed of the gearbox output shaft
34. The maximum engine torque normally permitted with
the direct gear engaged is illustrated by the curve
(direct gear) shown by a solid line, which at 600 rpm
shows a maximum of 1000 Nm. In figure 3 we see that the
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normally permitted maximum torque of the engine lldoes
not reach the required level. This means that the
vehicle will decelerate. According to the prior art the
control unit 45 will therefore ensure that the gearbox
changes down to the next lower gear, that is to say an
indirect gear. By changing down, the engine 1 will be
able to deliver a torque curve on the gearbox output
shaft 34 corresponding to the curve with a dashed line
(indirect gear), which at 400 rpm shows a maximum of
1250 Nm. We can see here that changing down gives a
torque sufficient to’cope with the required level if
the rotational speed on the gearbox output shaft 34
remains between approximately 700 and slightly more
than 1400 rpm. By allowing the engine to deliver an
increased torque in accordance with the invention, in
this case increased between 1000 and slightly more than
1600 rpm (see dashed curve issuing from the “direct
gear” curve), it is possible, even when the direct gear
is engaged, to reach the required level in the example
shown of between 1000 and slightly more than 1400 rpm.
This means that the torque is sufficient to prevent the
vehicle from decelerating and the vehicle can therefore
continue to be driven in the direct gear, with the
advantage that fuel will be saved due to the lower

friction losses.

Figure 4 is a diagram basically showing how the overall
efficiency of an engine 1 varies as a function of the
engine torque and engine speed. It can be seen, for
example, that the engine efficiency in the example
shown is just over 42.5 % at 1400 rpm and 1400 Nm. The
term overall efficiency of a powertrain is taken to
mean the efficiency for a combination of engine 1 and
gearbox 9 in a given driving situation, that is to say
a given speed and given motive force. In driving the
vehicle with an indirect gear engaged, an indirect gear
gives an approximately 2% lower efficiency than in
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driving in a direct gear. These 2% stem from losses due
to the two "gear tooth engagements" in the gearbox
described earlier. Corresponding information to that in
the diagram according to figure 4 and the two per cent
"gear toothing engagement” losses is stored in a memory
unit in the transmission control unit 45. By getting
the transmission control unit 45, whilst underway, to
continuously compare the overall efficiency of the
power train with direct gear engaged and increased
maximum engine torque with that which would apply if an
indirect gear were engaged, as provided for according
to one embodiment of the invention, the transmission
control unit 45 controls which gear is to be engaged
next time. The comparison can be made with the next
lower indirect gear to the direct gear or with multiple
indirect gears simultaneously. If the overall
efficiency for an indirect gear proves to be better
than with direct gear engaged, the transmissions
control unit 45 will give an instruction to change down
to the indirect gear. If the efficiency is better when
the direct gear with increased maximum engine torque is
engaged, the direct gear will continue to be engaged.

Alternatively, the efficiency of the gearbox 9 alone
can be used instead of the efficiency of the
powertrain. This gives a simplified calculation, but
also a somewhat inferior basis for the gear selection
decision.

The increase in the maximum engine torque when driving
in the direct gear can be applied either irrespective
of power output limits or as a function thereof. For
example, one embodiment can proceed from the assumption
that the specified maximum power output of the engine

will remain unchanged.
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Instead of increasing the maximum torque, the
transmissions control unit 45 can be programmed to
reduce the maximum torque that the engine 1 can deliver
in all indirect gears, while maintaining normal maximum

torque in the direct gear.

The functions of the control units 45 and 48 may be
performed by a single control unit or by more than two

control units.

The invention is naturally applicable to a gearbox
without splitter group and/or without range
transmission. The invention is furthermore applicable
both to automatic stagegeared gearboxes and manual

stagegeared gearboxes.
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Claims

1.

A powertrain (1, 3, 9) for motor vehicles,
comprising an internal combustion engine (1) and
an input shaft (7) to a stagegeared gearbox (9)
connected to the engine crankshaft (2) by way of a
multi-disc clutch (3), the gearbox having at least
one direct gear and at least one indirect gear
with intermeshing toothed gears (12, 15, 16, 17,
18, 19, 20, 21, 22, 23,), a control element (45,
48) having at least one engine control function,
the control element registering input signals
representing the gear selected and various engine
and vehicle data, which as a minimum cover the
engine speed or revolutions of the input shaft or
the vehicle speed, and the control element (45,
48) being designed, in response to an input signal
indicating that a direct gear is engaged, to be
capable of controlling and/or regulating the
engine (1) so that the engine can deliver a higher
maximum permitted torque than when the direct gear
is not engaged, characterized in that the control
element is designed to allow the increase in the
maximum permitted torque only if the efficiency of
the gearbox (9) or the powertrain (1, 3, 9) with
direct gear engaged and increased maximum
permitted engine output torque is superior to the
efficiency of the gearbox (9) or the powertrain
(1, 3, 9) when any of the indirect gears (12, 15,
16, 17, 18, 19, 20, 21, 22, 23,) having a lower
maximum permitted engine output torque are

engaged.

The powertrain as claimed in the preceding claim,
characterized in that the control element (45, 48)
regulates the engine (1) so that the increased
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maximum torque is applied in one step and/or
continuously owing to the fact that the vehicle is
not allowed to accelerate.

The powertrain as claimed in any one of the
preceding claims, characterized in that the
increase in the maximum torgque only occurs on
condition that the vehicle decelerates with direct

gear engaged and increased torque.

The powertrain as claimed in any one of the
preceding claims, characterized in that the
increase in the maximum torgque only occurs on
condition that the mean speed of the vehicle does
not increase, in comparison to what it would be if

the maximum torque were not increased.

The powertrain as claimed in any one of the
preceding claims, characterized in that the higher
maximum torque with direct gear engaged is no more
than 10 to 15 % higher than the lower maximum
torque with indirect gear engaged.

The powertrain as claimed in any one of the
preceding claims, characterized in that the
control element (45, 48) comprises an engine
control unit (48) and a transmission control unit
(45) and in that the transmission control unit is
designed, through input signals from the said gear
selector (46), to control the said gearbox (9) and
said multi-disc clutch (3).
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