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(57) Abstract 44

In a turbocharged diesel engine (10), the charging pressure Py, is adjusted to run the engine (10) with an empirically de-
termined optimum fuel consumption. A charging pressure feedback signal Pp, is fed to a regulating device (40) which re-
ceives various operating parameters, including MEy which represents the power output. A characteristic field in a memory
zone (50) in the regulating device (40) determines a control variable (TV) which operates a turbine by-pass valve (22) via an
electro-pneumatic converter (28) and a pneumatic (vacuum) actuator (26). The caracteristic field is such that the charging

pressure P;, is reduced in the part load range (cruising speed) to improve fuel consumption.
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DESCRIPTION
CONTROL OF SUPERCHARGED INTERNAL COMBUSTION ENGINES
State of the Art
The invention relates to a method of controlling

the charging pressure of a supercharged internal
combustion engine in accordance with the pre-charact-
erizing clause of claim 1. The invention also relates
to devices for controlling the charging pressure of a
supercharged internal combustion engine in accordance
with the pre-characterizing clauses of claim 5. Such

a method and device are known (DE-A- (R7186). In

the known method and device, the characteristic field
determines the desired charging pressure taking into
account the output power, the composition of the exhaust
gas, soot content of the exhaust, etc. As a result,
supercharged diesel engines employing such method and
device are supplied with too much air for combustion
during most of the time of operation, e.g. when
travelling at a comfortable cruising speed. The exéess
air is simply compressed and then expelled. The result
is poor efficiency and high fuel consumption.

Advantages of the Invention

These disadvantages are avoided by the method in
accordance with the characterizing clause of claim 1
and by the device in accordance with the characterizing
clauses of rlalm 5. Thereby, the rharg:ng pressure 1is
reduced in the part load range, whlrh is the range
in which most vehicles are operated for most of the
time.

It is convenient, in accordance with claim 6, for
the characteristic field to be a three-dimensional field
comprising a range of curves to give a desired charging
pressure for different engine speeds and different

desired outputs (different injected fuel quantities
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per stroke in the case of a diesel engine or different
air quantities in the case of a petrol engine) but for
a given chérging air temperature, e.g. 50°C. However,
charging air temperature is an important operating

5 parameter and it can be taken into account by adopting
the measures of claims 2, 3, 7 and 8.

By adopting the features of claims 4, 9 and 10, it
can be ensured that the engine is not mechanically
overstressed.

10 Improved servo-control can be obtained by in-
corporating the features of claims -1l and 12.

Provision can be made for over-boost in accordance
with claims 13 to 16.

Drawings

15 The invention is further described, by way of
example, with reference to the accompanying drawings,
in which: )

Fig. 1 is a block schematic diagram of a turbo-
charged diesel engine fitted with a control device in

20 accordance with the invention;

Fig. 2 is a block circuit diagram of the control
device;

Fig. 3 represents in graphical form a characteristic
field stored in a memory zone of the control device;

25 Fig. 4 represents a control characteristic field
stored in another memory zone of the control device;

Fig. 5 is a block circuit diagram of a simplified
control device;

Fig. 6 is a more detailed block circuit diagram

30 of part of the control device of Fig. 2; and

Fig. 7 shows graphs to illustrate over-boost.
Description of the Exemplary Embodiments

Fig. 1 shows a diesel engine 10 fitted with a
turbocharger 12 which comprises a compressor 14 in the
35 induction passage 16 leading to the engine 10 and a

turbine 18 in the exhaust gas passage 20 leading
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from the engine. The turbine 18 directly drives the
compressor 14 at a speed n- The power output of the
turbine 18 can be adjusted by means of a by-pass valve
22 ( a so-called "wastegate") in a by-pass passage 24
by-passing the turbine 18. A pneumatic actuator 26
operates the by-pass valve 22. Instead of providing
the by-pass valve and passage, the turbine could be
of the variable geometry type, whereby the pneumatic
actuator adjusts the turbine output by adjusting the
turbine geometry. The pneumatic actuator is controlled
by an electro-pneumatic converter 28. In the illustrated
embodiment, the actuator 26 comprises a diaphram 30
which is biassed in the closing direction of the by-pass
valve 22 by a spring 32 which caﬁ'open the by-pass
valve 22 by application of: - vacuum to a chamber 34.
the converter 28 controllably applies vacuum from a
source Pu to the chamber 34 via a conduit 36 in response

to an electrical control variable TV received at an

‘input 38. The vacuum source PU can be a vacuum pump

driven by the engine 10.

The control variable TV is supplied by an electronic
requlating device 40 which receives various operating
parameters, as will be described, and a feedback signal
compr;sing the actﬁal absolute value PLa of the charging
pressure delivered by the compressor l4. To this end,

a pressure transducer 42 is disposed in the induction
passage 16 at the outlet side of the turbine 14 and is
connected by a line 44 to the regulating device 40.

The control variable TV fed to the electro-pneumatic
converter 28 is in the form of a pulse train of variable
duty ratio and the converter 28 is adapted to adjust

the vacuum in the conduit 36 proportionally to the

duty ratio of this pulse train.

Fig. 2 illustrates the servo loop formed by the
turbocharger 12, the pressure transducer 42, the

requlating device 40, the converter 28, the actuator
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26 and the by-pass valve 22. The converter 28 and
the pneumatic actuator 26 are represented in Fig. 2
as a servomotor 46 and the by-pass valve 22 and the
turbocharger 12 are represented as a function path
48. The regulating device 40 comprises a'memory zone -
50 in which is stored a characteristic field by which
the desired absolute value PLd of the charging pressure
is delivered in accordance with an input parameter
MEd representing the engine power output as set by the
driver (pedal position) and in accordance with engine
speed n. This characteristic field can be considered
as comprising plots of the optimum charging pressure
PLd against engine speed for a range of values of
engine power parameter MEd. The optimum charging
pressure PLd is that obtained empirically to give
the minimum fuel consumption, measured, for example, in
litres per 100 km, when travelling in top gear at
cqnstént velocity. ’

Fig. 3 illustrates a typical characteristic field
stored in the memory zone 50. In Fig. 3, the absolute
charging pressure PLd is plotted against engine speed
for various values of fuel supply quantities represented
as mg per working stroke per cylinder, such a
parameter being readily derivable from an electronic
governor of a diesel engine or from an electronic
injection system of a petrol engine. Since the power
output is dependent on the product of injected fuel
quantity per stroke and engine speed, the injected
fuel quantity is a measure of the desired power at any
one given speed.

To determine the characteristic field for any
given engine type and turbocharger, it is necessary to
conduct a series of tests on one or more prototypes.
Thus, a series of graphs is made in which a specific
fuel consumption is plotted against the charging pressure

for a range of engine speeds and a range of torque
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outputs, the specific fuel consumption conveniently
being measured as KWh output ("brake horsepower") per
g fuel consumed. The lower charging pressure limits
below which the exhaust gases become sooty are also
noted. The characteristic field can then be calculated
from these graphs.

The desired and actual values PLd and PLa of
the absolute charging pressure are applied to a compar-
ator 52 and the resulting error signal is fed to a
PI-control 54. The output variable TVR from the PI-
control 54 is passed via a limiter 56 and a summing
junction 58 to be applied as the control variable TV
to the control input of the servomotor 46. The limiter
56 determines the maximum value of the charging pressure
to ensure that the variable TVR is limited in the
event of a fault in the servo loop, such as failure of
the pressure transducer 42. the PI-control 54 merely
serves to improve the steady-state accuracy, i.e. to
stabilize the charging pressure.

Because of the presence of the limiter 56, the
control circuit comprising the memory zone 50, the
comparator 52 and the PI-control 54 has poor response
characteristics. To improve dynamic response, the
control variable TV is actually obtained from two
variables, namely an output variable TVK from a pre-
control 60 and the variable TVR, but limited by the
limiter 56, the variable T\/K also being applied to
the summing junction 58.

To improve dynamic response the power parameter _
MEd
a differentiating component with delay (DT l-component).

is applied to the pre-control 60 which is preferably

A control characteristic field stored in a memory
zone 62 is brought into operation in the event of
failure of the above-mentioned servo-loop including the
feedback via the line 44 to the comparator 52. The

output variable TVK from the memory zone 62 is fed to the
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servomotor 46 via the summing junction 58. Fig. 4
represents a typical control characteristic field
for such stand-by operation. Fig. 4 is plotted
similarly to Fig. 3, except that the duty ratio of the
desired control variable is plotted along the ordinate
instead of the desired charging pressure. The duty
ratio of the pulse train is the ratio of the "off"
interval (or space) to the sum of the "on" and "off"
intervals (or pulse period) in the present case because
a duty ratio of 100% means the by-pass valve 22 is fully
open and the charging pressure is consequently minimum.

The control characteristics field stored in the
memory zone 62 is calculated from the characteristic
field in the memory zone 50 but is modified to take
into account the non-linearity of the relationship
between the actual charging pressure PLa and the duty
ratio of the control variable TV.

In some applications, the simpler device shown in
Fig. 5 is to be preferred. Parts like those of Fig. 2
are denoted by like reference numerals. The measures
to be taken to enable continued operation of the device
of Fig. 5 upon failure of the charging pressure
transducer 42 will be apparent from the following
description of Fig. 6.

Fig. 6 shows how the output from the memory zone
50 in which the characteristic field is stored may be
corrected in accordance with temperature. This
characteristic field is calculated for a nominal
charging temperature of, for example, 50°C or 313°K
and its output PLdSU is fed to a temperature correction
circuit 64. The actual value of the charging
temperature, measured as an absolute value by means of
a témperature sensor in the induction passage 16
downstream of the compressor 14, is also fed to the
temperature correction circuit 64 which corrects the

desired value of the charging pressure in accordance
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with the well-known general gas equation P/ =RT. This
feature is applicable to the embodiments of Figs. 2
and 5.

Because the differential part of the servo-control
of the charging pressure in Fig. 5 can lead to too
large an amplification of transient fluctuations, a
suitable dynamic pre-filter 66 is placed in advance
of the comparator 52, as shown in Fig. 6. As a
consquence, it is necessary to place the limiter 56a
for limiting the charging pressure to a safe maximum
between the pre-filter 66 and the comparator 52.

The output from the latter is fed to a PI(D)-control
54a whose control is limited and whose output is
delivered via an electronic switch 68 to a line 70
connected to the end stages. These end stages are
represented by the electfo-pneumatic servomotor and
the pneumatic actuator 26 forming the servomotor 46.

The electronic switch 68 is changed over auto-
matically upon failure of the servo loop. It enables
the charging pressure PLa to be adjusted by the control
characteristic field stored in the memory zone 62 to
which the input parameter MEd and the engine speed n
are fed. The electronic switch 68 is shown in its
normal position in which the control variable TVS is
disconnected. Upon occurance of a fault in the servo-
loop, the switch 68 is changed over to its other state
in which the line 70 is disconnected from the PI(D)-
control 54a and instead is connected to receive the
variable TVS. The control characteristic field stored
in the memory zone 62 is designed to avoid too high a
tharging pressure PLa

Because the response of the electro-pneumatic
coverter 28 is dependent on the peak voltage of its
input pulse train, the output from the control charact-

eristic field in the memory zone 62 must be corrected to
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take account of variation in the voltage Ug of the vehicle
battery. To this end, the battery voltage UB is applied
to a control circuit whose output is applied to a
summing junction 74 between the memory zone 62 and
the switch 68. This feature is applicable to the
devices of Figs. 2 and 5.

It is useful to provide for an increased charging
pressure (overboost) for a desired rapid acceleration
(kickdown of the accelerator pedal) and the engine
may be able to withstand the higher peak cylinder
pressure resulting from a higher charging pressure for
a short time or when the engine is cold.

Provision for overboost can be made in the rcircuit
of Fig. 6 by feeding to the limiter 56a a parameter x
obtained by means of a pedal travel sensor and
dependent upon accelerator pedal velocity and from an
engine operating parameter y in order to raise or
remove the limit on the maximum charging pressure.

The parameter x can be an actual measure of the accelerator
pedal velocity ar it can be a measure of the time taken

to depress the pedal through a given travel, e.g. 80%

to 100% of its possible full travel. The parameter y

can be the occurrance of a gear change, up or down, a pre-
determined short time before the depression of the
accelerator pedal so that overboost can only be brought

in just after a gear change. Another possibility for

the parameter y is a signal that the engine speed n is
below a predetermined speed before depression of the
accelerator pedal. Overboost can then be used only

when the engine is being accelerated from a relatively

low speed.

Another way of providing for overboost is to feed
a temperature TA, such as exhaust gas temperature, which
is indicative of the engine temperature to the limiter
56a as is also shown in Fig. 6. Overboost, i.e. a

higher maximum charging pressure, is then operative so
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long as the engine remains relatively cold but becomes
impossible once the engine has warmed up.

When operative under overboost conditions in the
case of a diesel engine, it is also possible to increase
the injected fuel quantity to obtain a higher output
torque and power. This is useful during certain
manoeuvres, such as overtaking.

Conversely, with the use of a fuel injection
system for a diesel engine fitted with an electronic
governor wherein there is a facility to increase the
injected fuel quantity for a shrot period of time to
obtain an increased output torque, it is possible to
close the by-pass valve 22 or another valve in the
by-pass passage 24 by means of the signal which
triggers temporarily increased fuel quantity. This
signal can be derived from a pedal position transducer.
The upper graph in Fig. 7 is a plot of a typical
pedal travel w effected as desired by the driver
against time t. The lower graph represents the extra
fuel quantity AME and the extra charging pressure z}PLa
for overboost. The middle graph represents the time
avalilable for overboost to take place,

The overboost can be bought in from the instant
t* when the pedal reaches 100% travel as shown in full
lines. The overboost then operates independently of

_the circuitry of Figs. 1, 2 and 3.

The arrangement is preferably such that the over-
boost cannot last beyond a short length of time, e.g.
20 to 30 seconds and such that overboost cannot be
repeated until after a relatively long interval. This
is in order that the engine will not be damaged and
that the exhaust gas temperature will not become too
high. An integrator can be provided for timing the
overboost, that is to say for controlling the time
tOB available for overboost. The exhaust gases become
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hotter when travelling in the power range close to full
power. The integrator is triggered when the output from

the pedal travel transducer exceeds a threshold Wi of,
for example 70% full travel. The time tOB available for

overboost then gradually becomes shorter (linearly or
exponentially) as driving in the high power range is
cont;nued. Thus, only a relatively short time t1 is
available for overboost when the pedal reaches maximum
travel as shown in the top graph. Not until the
pedal travel transducer output falls below the
threshold Wy at the instant too does the integrator
come into operation again to permit further overboost
and to increase gradually the time tOB available for
overboost .

At the end of the overboost, the injected fuel
quantity and the charging pressure can fall to their

normal permitted maximum over a suitable time interval

tr-amp'
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CLAIMS
1. Method of controlling the charging pressure
(pLa) of a supercharged internal combustion engine,
especially a diesel engine, in dependence upon at
) least one operating parameter and in accordance with a

characteristic field, characterized in that the charging
pressure is adjusted to achieve optimum fuel consumption,
especially in the part load range.
2. Method according to claim 1, characterized in
10 that the charging pressure (PLD) is adjusted in
dependence upon charging air temperature.
3. Method according to claim 2, characterised in
that the optimum charging pressure (PLdSO) for a
predetermined charging air temperature is obtained from
15 the characteristic field and this optimum charging
- pressure (PLdSO) is corrected to produce a desired
charging pressure (PLD) in accordance with the actual
charging air temperature, preferably at least
approximately in accordance with the general gas
20 equation.
4. Method according to claim 1, 2 or 3, characterized
in that the maximum charging pressure is limited to a

value which avoids mechanical damage to the engine,
and/or excessive exhaust temperatures.

25 : 5. Device for controlling.the charging pressure
(PLa) of a supercharged internal combustion engine,
especially a diesel engine, having a turbocharger which =
comprises a compressor (14) in the induction passageway
(16) to the engine (10) and driven by a turbine (18)

in the exhaust passageway (20) from the engine, an

>0 adjusting device (26), preferably an adjustable by-pass
(22, 24) by-passing the turbine (18), for varying the
charging pressure, a pressure sensor (42) for sensing
the actual value (PLa) of the charging pressure, and a

35 memory (50) in which is stored a characteristic field

for desired values (PLd) of the charging pressure,
characterized in that the characteristic field stored
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in the memory (50) is determined, preferably empirically,
to control the adjusting device (26) so as to minimize
the fuel consumption of the engine (10).

6. Device according to claim 5, characterized in
that a parameter (MEd) corresponding to a desired
engine load is fed to the memory (50), preferably together
with at least one other operating parameter (n).

7. Device according to claim 5 or 6, characterized
by a temperature sensor for adjusting the desired
charging pressure (PLa) in accordance. with charging air
temperature.

8. Device according to claim 7, characterized in
that the characteristic field stored in the memory (50)
appertains to a particular charging air temperature
and in that the output of the memory (50) is connected
to a temperature correction circuit (64) to which is fed
the signal (TL) from the temperature sensor to obtain a
desired charging pressure (PLD)'

9. Device according to claim 7 or 8, characterized
in that the desired and actual charging pressure values
are fed to a comparator (52) whose output actuates the
adjusting device (26) to adjust turbine power in a
sense to reduce the size of the error signal from the
comparator.

10. Device according to claim 9, characterized in
that a pressure limiter (56) is arranged between the
memory zone (50) and the adjusting device (26) for
limiting the desired charging pressure (PLd) to a
maximum.

11. Device according to claim 9 or 10, characterized
in that a dynamic pre-filter (66) is arranged between
the memory (50) and the comparator (52).

12. Device according to any of claims 9 to 11,
characterized in that a PI-regulator (54) is arranged
between the comparator (52) and the adjusting device (26).
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13. Device according to claim 10, characterized in
that a component responsive to pedal kick-down is
provided for increasing the maximum desired charging
pressure (PLd) to obtain a power boost from the engine.

14, Device according to claim 13, characterized by
a temperature-responsive switching device for preventing
an increase in thé maximum desired charging pressure
(PLd) when the engine is warm, e.g. when the exhaust
gas temperature exceeds a predetermined value.

15. Device according to claim 10 or 13, characterized
in that a component responsive to acceleration
immediately following a gear change is provided for
increasing the maximum desired charging pressure (PLd)
to obtain power boost from the engine.

16. Device for controlling the charging pressure
(PLa) of a supercharged internal combustion engine,
particularly a diesel engine, having a turbo-charger,
an adjusting device for varying the charging pressure,

a pressure limiter for limiting the charging pressure

to a maximum, and an overboost device for temporarily
increasing the maximum charging pressure, more particularly
according to any of claims 5 to 15, characterized in

that the overboost is brought into operation simultaneously
with a temporary increase in the injected fuel quantity
above a normal maximum.

L R R L T T T S T S S T -
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