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{54) Control of I.C. engine exhaust
recirculation and air intake

(57} A diesel engine (1) has an
exhaust gas recirculation control
element (12) actuated by a first
servomotor (14) and a butterfly valve
{11) disposed in the intake manifold
(9) of the internal combustin engine
and actuated by a second
servomotor (23). The two
servomotors are actuated by
pressure media and are provided
with restoring means (17, 26) such
that, when pressure is equalized at
the servomotors, the butterfly valve
(11) is brought into a position in

which it opens the intake manifold
(9) and the exhaust gas recirculation
control element (12) is brought into a
position in which it closes the
exhaust gas recirculation line (4).
Control of the servomotors is
effected by the control pressure or
pressures produced by a signal
pressure converter (36) or respective
signal pressure converters (Figs. 2
and 3} in response to engine
operating conditions. A change-over
valve (21) may determine in which of
the servomotors the control pressure
is operative.
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SPECIFICATION

Control system for an internal combustion
engine and method of controlling gases

The invention relates to a control system for
an internal combustion engine having exhaust
gas recirculation and to a method of control-
ling gases in an internal combustion engine.

In such a control system known from
U.S.A. Patent Specification No. 4 177 777
the quantity of air inducted by the internal
combustion engine is measured by means of
an air quantity meter, and the control pressure
of a pneumatically actuated exhaust gas recir-
culation valve is varied in conformity with the
air quantity signal, and, if necessary, with fur-
ther dependence upon other operating para-
meters, thus controlling the quantity of recir-
culated exhaust gas. In another control system
of this type, known from Published German
Patent Specification No. 31 45 527, the recir-
culated quantity of exhaust gas is regulated
according to the difference between the actual
quantity of air which is fed and the value of
desired quantity of air derived from various
parameters, including load. Correction of the
actual quantity of air is carried out by chang-
ing the recirculated quantity of exhaust gas in
free-inducting diese! engine. The control ele-
ment for the recirculated quantities of exhaust
gas is actuated by means of a pneumatic con-
trol pressure medium which is fed from a
pressure converter into the control pressure
chamber of the servomotor of this control ele-
ment. In the known control devices, the pres-
sure converter comprises two two-port, two-
position solenoid valves, by means of which
the control pressure chamber may be con-
nected either to the atmosphere as a refer-
ence pressure source or to a vacuum source.
Control of the solenoid valves can be on-off
or analog.

In such a control system, only the quantity
of the recirculated exhaust gas is regulated
precisely with the aim of optimum combustion
with the highest possible exhaust gas recircu-
lation rate in order to reduce the nitrogen ox-
ide, (NOx) pollutant emission. The fuel-air ratio
is maintained accurately by the quantity of
fresh air controlléd by means of the quantity
of recirculated exhaust gas at a given load or
fuel quantity, thus also keeping the proportion
of the hydrocarbon (HC) and carbon monoxide
(CO) and soot in the exhaust gas low. How-
ever, such a system does not fulfil the other
requirements of a self-igniting internal combus-
tion engine. In particular, increased soot emis-
sion in the exhaust gas must be expected in a
self-igniting internal combustion engine when
special measures are not taken, and therefore
care must be taken that this soot does not
reach the atmosphere.

The present invention resides in a control
system for a self-igniting internal combustion
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engine having an air-intake system, an exhaust
gas collection system, and an exhaust gas re-
circulation line leading from the latter back to
the intake system, said system comprising an
exhaust gas recirculation control element dis-
posed in the exhaust gas recirculation line and
subjected to a restoring force in the closing
direction; a first pressure medium actuated
servomotor for adjusting said recirculation
control element; a throttle element disposed in
the intake system upstream of the juncture
with the recirculation line and subjected in the
opening direction to a restoring force; a sec-
ond pressure medium actuated servomotor for
adjusting the intake throttle element, the first
and second servomotors each having a mov-
able wall coupled respectively to the recircula-
tion control element or the intake throttle ele-
ment and separating a respective first or sec-
ond control pressure chamber from a respec-
tive first or second reference pressure cham-
ber; a control pressure converter common to
the first and second servomotors or a sepa-
rate control pressure converter for each servo-
motor, the or each control pressure converter
being adapted to derive a control pressure
from the pressures of a first pressure source
and a second pressure source, which control
pressure or pressures is or are to be applied
to both of the first and second control pres-
sure chambers of the servomotors or respec-
tively to the first and second control pressure
chambers; and a control device for producing
a control signal for the or each control pres-
sure converter in dependence upon at least
one engine operating parameter.

The invention includes a method of control-
ling gases comprising, on the one hand, air
and, on the other hand, recirculated quantities
of exhaust gas fed to the combustion cham-
ber or chambers of a self-igniting internal
combustion engine, in which the recirculation
quantity of exhaust gas is controlled by an
exhaust gas recirculation control element actu-
ated by a controllable pressure medium, and
in which, in a first operating range, and with
recirculated exhaust gas, the air is fed unre-
strictedly and, in a second operating range,
the air fed in is also controlled by a throttle
element actuated by a controllable pressure
medium, and the exhaust gas recirculation is
discontinued.

This has the advantage that, with the aid of
a controlled butterfly valve and with minimum
outlay, the quantity of inducted air can be
controlled in dependence upon operating para-
meters within ranges of operation of the inter-
nal combustion engine in which exhaust gas
recirculation does not take place. Correspon-
dingly controlled throttling of the quantity of
intake air thereby reduces sound emitted by
the self-igniting internal combustion engine
when idling, stabilizes idling, increases the ex-
haust gas temperature with the aim of burning
off soot collected in a soot filter disposed in
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the exhaust gas sytem and, if required, can
bring the internal combustion engine to a
complete stop.

Advantageously, a single pneumatic pressure

converter can be provided, which can be used
selectively to control the first servomotor or
the second servomotor, only one inexpensive
change-over valve having only a low current
requirement being additionally required for this
purpose. This reduces the expenditure required
for actuating the throttle element in the intake
system. Additionally, the quantity of pressure
medium required is also kept low.

The arrangement can be such that the throt-
tle element in the intake system remains oper-
ative, even in ranges of operation in which
exhaust gas recirculation takes place and thus
may be controlled in such a way that the con-
trol of the recirculated quantity of exhaust gas
is stabilized by throttling the quantity of intake
air. The intake throttle element can be used to
influence the pressure differential, which
causes delivery, at the exhaust gas recircula-
tion control element, and accurately to regu-
late the rate of exhaust gas recirculation. In
those ranges of operation in which no exhaust
gas racirculation takes place, the device oper-
ates in the same way as that stated above.

The control system may be so constructed
that, in the event of current supply failure, the
exhaust gas recirculation control element
closes the exhaust gas line, in that the refer-
ence pressure (such as atmospheric pressure)
acts on the control pressure chamber of the
first servomotor to reinforce the effect of the
restoring force acting in the closing direction
on the movable wall. This fulfils a safety func-
tion in the control system. At the same time,
when an electrically controlled valve between
the pressure converter and the first control
pressure chamber is switched off, the control
pressure chamber of the second servomotor is
connected to the pressure converter and, via
the pressure converter, to the first pressure
source, so that, in such a case, the throttle
element in the intake system is also moved
into the closed position. This fulfils a safety
function.

In an analogous way, in the case of power
failure, the pressure converter, when in the
“off’" state, can connect the control pressure
chamber to the first pressure source and
cause the throttle element in the intake sys-
tem to close.

The first pressure source can be a source of
vacuum, but it can alternatively be a source of
superatmospheric pressure obtained from an
engine-driven pump. Thus, in the latter case, it
can be ensured that, upon starting, the throt-
tle element in the intake system is open, since
in an internal combustion engine which is not
yet running, the first pressure source is then
not yet available and the control pressure
chamber of the servomotor is subjected to the
atmospheric reference presure to assist the re-
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storing force acting in the open direction of
the throttle element. The exhaust gas recircu-
lation line is closed in this case.

In another arrangement of control system
according to the invention, the first servomo-
tor and the second servomotor are each asso-
ciated with a respective pressure converter
which is so designed that, when in the “‘off"
state, it supplies the pressure control chamber
of the servomotors with the reference pres-
sure. Since, in the case of such embodiment,
the pressure converters would have to be live
in order to stop the internal combustion en-
gine, the pressure control chamber of the sec-
ond servomotor, which controls the throttle
element in the intake system, is connected to
a line which is directly connected to the first
pressure source and in which is disposed a
valve which is open when it is in its non-
energised state. Here, once again a safety
function is fulfilled in that the internal combus-
tion engine can be stopped when the valve is
in its non-energized state. The same effect is
also achieved if this measure is used in a
control device operating with only one pres-
sure converter, wherein the pressure conver-
ter, when in the “off"’ state, supplies the ref-
erence pressure as a control pressure.

The invention will be further described here-
inafter, by way of example, with reference to
the accompanying drawings, in which:

Fig.1 is a diagrammatic representation of a
first embodiment of control system according
to the invention, having only a single pressure
converter connected to an electrically con-
trolled valve

Fig.2 shows a detail of a control system
having two pressure converters, operating in
opposite senses,

Fig.3 shows a modification to the embodi-
ment of Fig.2 having two pressure converters
operating in the same sense and having a by-
pass line for bypassing one pressure conver-
ter,

Fig.4 shows part of a fourth embodiment of
the invention having only one pressure conver-
ter and having a by-pass line for bypassing
one pressure converter, and

Fig.5 shows part of a fifth embodiment of
the invention having only one pressure conver-
ter which is connectible by means of a
change-over valve to the other controi pres-
sure chamber.

The first embodiment of the invention is il-
lustrated in Fig.1 as a schematic diagram. This
Fig. shows a self-igniting (Diesel) internal com-
bustion engine 1 with an intake system 2 and
an exhaust gas collector system 3. An ex-
haust gas recirculation line 4 leads from this
system back to the intake pipe 9 of the intake
system 2. Only one continuous pipe is shown
to represent the intake manifold, which usually
consists of the intake pipe 9 and other inlet
manifold branches connected to it. The inter-
nal combustion engine can operate with pres-
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sure-charging, for example with an exhaust
turbo-supercharger, wherein an exhaust gas
turbine 6 is installed in the exhaust gas collec-
tion system and an air compressor 7 in the
intake system, said air compressor being
driven by the exhaust gas turbine. At the inlet
to the intake system, an air quantity meter 8
is provided, at least upstream from the junc-
tion of the exhaust gas recirculation line 4
with the intake pipe 9. Said air quantity meter
8 can be connected serially either before or
after the air compressor 7. Furthermore, in the
intake pipe 9 of the intake system upstream
of the junction with the exhaust gas recircula-
tion line 4 there is provided a throttle element
11, for example in the shape of a butterfly
valve, by means of which the intake cross
section of the intake pipe 9 and thus the
quantity of air delivered to the internal com-
bustion engine can be altered.

At the point of entry of the exhaust gas
recirculation line 4 into the intake pipe 9, an
exhaust gas recirculation control element 12 is
provided, the position of which is used to
alter the cross-sectional area of the exhaust
gas recirculation line. The exhaust gas recircu-
lation control element 12 is represented sym-
bolically in the diagram as a poppet valve, but
it can also have other forms. It is actuated by
a first servomotor 14 to which it is connected
and which has a movable wall 15, shown here

. as a regulating diaphragm. The movable wall
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15 defines, in the housing of the servomotor
14, a first pressure control chamber 16, in
which is fixed a return spring 17 which acts
on the movable wall 15. A second pressure
chamber 18 on the other side of the movable
wall 15 is connected to the ambient air, while
a control pressure line 19 leads from the first
control pressure chamber to one port of an
electrically controlled change-over valve 21.

The throttle element 11, which is an air
throttle element, is actuated by a second ser-
vomotor 23 and, in addition, is connected me-
chanically to a movable wall 24 of this servo-
motor. This movable wall defines in the hous-
ing of the second servomotor 23 a second
control pressure chamber 25, in which is also
fixed a return spring 26 acting on the movable
wall 24. On the other side of the movable
wall 24 is a pressure chamber 27 which is
subjected to atmospheric pressure. The mov-
able wall 24 of the second servomotor 23 is
connected to the air throttle element 11 in
such a way that the element is brought into
the open position by the action of the return
spring 26, whereas the movable wall 15 of
the first servomotor 14 is connected to the
exhaust gas recirculation control element 12 in
such a way that the return spring 17 acts on
the element 12 in a direction to close the
exhaust gas recirculation line 4.

A second control pressure line 29 runs from
the second control pressure chamber 25 to
another port of the electrically controlled chan-
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ger-over valve 21. The change-over valve 21
has four ports, namely the above-mentioned
ports connected to the control pressure lines
19 and 29 a port connected to a control
pressure supply line 30 and a port 31, which
is connected to a reference pressure source,
in the example shown to the ambient air un-
der atmospheric pressure. The electrically con-
trolled change-over valve 21 has a valve
member 32, which is moved by means of a
return spring 33 into a first preferred position
and by means of an electrically controlled sig-
nal into a second position. The valve member
32 may be actuated in the usual way by an
electromagnet 34 or in some other electrically
controlled way, if necessary with the air of
servo means. The valve member 32 is so de-
signed that, in its original position shown and
with the electromagnet 34 not energised, it
connects the control pressure line 19 to the
port 31 and the control pressure line 29 to
the contro! pressure supply line 30.

The control pressure supply line 30 bran-
ches off from an electrically controlled pres-
sure converter 36, which is represented sym-
bolically in the drawings. This may, for
example, take the form of one three-port,
two-position valve or two two-port two-posi-
tion valves or a proportionally operating valve.
Such converters are generally known, for
example, from German patent specification No.
31 45 527 or U.S.A.Patent No. 4 177 777
and do not need to be described here in great
detail. The electrically controlled pressure con-
verter 36, which, in the example shown, may
also be an electropneumatic converter (EPC),
has three ports, the above-mentioned port
connected to the control pressure supply line
30, a reference pressure port 37, which leads,
if necessary by way of a throttle 38, to the
ambient air, and a pressure medium port 39,
which is connected via a second throttle 40
to a pressure medium source 41, which may
be a vacuum pump. An actuator 42, for
example an electro-magnet coil, of the pres-
sure converter 36, is connected to a control
device 44, which evaluates the selected num-
ber of engine parameter signals, such as en-
gine speed, fuel quantity and air quantity and
sends the corresponding control signals to the
actuator 42. The actuator 42 may, for
example, be controlled cylically with variable
pulse width, thus alternatingly connecting the
reference pressure port 37 or the pressure
medium port 39 to the control-pressure sup-
ply line 30. In another refinement, however,
this control may be effected in an analogue
manner by altering the cross sections of the
reference pressure port and pressure medium
port. The functional diagram of the pressure
converter 36 is shown on the converter in the
drawing, and it follows from this diagram that,
when no current is acting on the actuator 42,
the vacuum p, delivered at the pressure me-
dium port 39 is fed to the control pressure



GB2 165584A

4

supply line 30, while the reference pressure
port 37 is closed. In the case of full current
supply, however, the reference pressure port

37 is fully open and the pressure medium port

5 39 is fully closed. The operating characteristic
can be adapted via throttles 38 and 40.

The electrically controlled change-over valve
21 continues to be controlled by the control
device 44. The control device 44 distin-

10 guishes, on the basis of the control signal of

the engine parameters transmitted to it, be-
tween two operating conditions; a first operat-
ing condition, in which exhaust gas recircula-
tion {ECR)} takes place, and a second operating

15 condition, in which exhaust gas recirculation is

prevented. This second operating condition
corresponds amongst other things to the idle
state of the internal combustion engine, a
state in which it is necessary to burn off soot

20 in the soot filter 45 or to stop the internal

combustion engine. This distinction may be ef-
fected, for example, by way of a load signal
or a signal from the fuel quantity delivered to
the internal combustion engine or by other

25 representative paramaters such as pressure

drop at the soot filter.
With the change-over valve 21 in the posi-
tion shown in Fig.1, the internal combustion
_engine is in the above-mentioned second op-

30 “erating condition. In the first operating condi-

tion, the valve member 32 is displaced against
the force of the spring 33, and the control
pressure line 19 is connected to the control
pressure supply line 30, while the second

35 control pressure chamber 25 is vented via the

second control pressure line 29 and the port
31. In this condition, atmospheric pressure,
that is the same pressure as that in the pres-
sure chamber 27, prevails in the sscond pres-

40 sure control chamber 25, so that the movable

wall 24, being subjected to the force of the
spring 26, moves the butterfly valve 11 to the
fully open position. The first control pressure
chamber 16 of the first servomotor 14, how-

45 ever, is subjected to the variable control pres-

sure delivered by the pressure converter 36.
The internal combustion engine, which is now
free-inducting, is supplied with both air and
exhaust gas in controlled quantities, whereof

50 the proportion of air in the gas fed into the

combustion chambers of the internal combus-
tion engine is altered by means of the exhaust
gas quantity control. Using the air quantity
signal transmitted by the air quantity meter 8

55 and the fuel quantity signal and by means of

the control device 44, a given air/fuel ratio is
fixed by changing the exhaust gas recirculation
rate. The internal combustion engine always
operates with complete filling, wherein maxi-

60 mum amounts of recirculated exhaust gas may

be fed, as residual filling of the combustion
chambers is effected with exhaust gas. As is
known, exhaust gas recirculation has the ef-
fect of reducing the peak temperatures in the

65 combustion chamber, thus reducing the pro-
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portion of nitrogen oxides, NO, in the emitted
exhaust gas. With the aid of stored perform-
ance characteristic and the access parameters
to these characteristics, such as speed, fuel
quantity, temperature and others, the quantity
of exhaust gas can be controlled accurately
over the entire operating range with exhaust
gas recirculation. The temperature factor al-
lows in particular for the cold internal combus-
tion engine and the necessary fuel-air ratios
for trouble-free operation of the internal com-
bustion engine.

In the above-mentioned second operating
condition, the exhaust gas recirculation is in-
terrupted, as, in certain ranges, the internal
combusion engine should operate with re-
duced filling of the engine cylinders. For the
internal combustion engine to run smoothly, it
is advantageous, particularly during idling, to
have a low level of gas filling of the engine
cylinders. Furthermore, when the cylinder fill-
ing is low, the exhaust gas temperature rises,
so that soot collected in the soot filter burns
more easily. In this second operating condi-
tion, the electrically controlled change-over
valve 21 is in the ""off” state and the valve
member 32 takes up the position shown in
Fig.1. In this position, the first control pres-
sure chamber 16 is connected to the ambient
air and has the same pressure level as the
pressure chamber 18, so that the movable
wall 15, under the influence of the return
spring 17, moves the exhaust gas recirculation
control element 12 into its closed position. At
the same time, however, the control pressure
created by the pressure converter 36 is fed to
the second control pressure chamber 25 and
then, by modulating the control pressure ac-
cordingly using the control device 44, the
control pressure is used to move the butterfly
valve 11 into the required position. In accor-
dance with the parameters fed into the control
device 44, the intake air is restricted to a
greater or lesser extent to reduce idling noise
during the idling operation of the internal com-
bustion engine. This restriction affects the final
compression level in the combustion chambers
of the internal combustion engine and results
in a low vibration level during engine running.
The speed of the internal combustion engine
may be input in the form of a feedback signal
into a servo loop to control the butterfly
valve.

In the second operating condition, in which
no exhaust gas recirculation takes place, the
exhaust gas temperature may also be in-
creased by throttling using the butterfly valve
11, with the aim of burning free the soot filter
45 disposed in the exhaust gas system. Be-
cause of the high proportion of soot in the
exhaust gas from self-igniting internal combus-
tion engines, the pores of filters very rapidly
become filled with deposits of soot, which
increases the back pressure in the exhaust gas
system. Such filters may either be replaced, or
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the soot collected may be burned off without
having to replace the filter. The latter method
has the recognizable advantage of simple
maintenance. To remove the soot which has
collected in the filter, the exhaust gas temper-
ature in the second operating range may be
increased with the aid of the butterfly valve
11 to such a level that the soot is burnt
away. Advantageously, this also occurs with
the use of catalytically effective parts of the
filter, with the aim of lowering the ignition
temperature.

A time factor in connection with the exis-
tence of the second operating condition may
be used as a control parameter, or, likewise,
the increase in back pressure or the fall in
pressure at the filter. A further condition is
that the internal combustion engine must have
reached its operating temperature.

If the internal combustion engine has to be
stopped, this may be done advantageously
and in accordance with the solution according
to the invention by way of the butterfly valve
11 which is moved into the closed position.
To do this, the electrically controlled change-
over valve 21 is switched off so that the con-
trol pressure line 29 is connected to the pres-
sure converter 36. The pressure converter 36
is also switched off, so that the full vacuum
from the pressure source 41 is fed via the
change-over valve 21 into the second control
pressure chamber 25, which results in the
butterfly valve 11 closing. The same also hap-
pens when the control device 44 is in the
non-energised state or switched off. This pro-
perty ensures that the internal combustion en-
gine is safely brought to rest even in the
event of damage. When the internal combus-
tion engine starts up, the fact that the vacuum
pump 41 is not yet operating at this point
means that no vacuum is available which
could effect closing of the butterfly valve.

As a variant of the embodiment according
to the invention shown in Fig.1, the embodi-
ment in Fig.2 provides for a separate, electri-
cally controlled pressure ccnverter for each of
the servomotors. In place of the pressure con-
verter 36 and the change-over valve 31 in
Fig.1, there is a first pressure converter 50,
whose control pressure supply line 51 is con-
nected to the first control pressure chamber
16, and a second pressure converter 52,
whose control pressure supply line 63 is con-
nected to the second contro! pressure cham-
ber 25. Both pressure converters 50 and 52
are supplied with vacuum from the same pres-
sure medium source 41 by way of a decoupl-
ing second throttle 40. The ambient air is
used as the reference pressure source. The
first pressure converter 15 is designed such
that, in the nonenergised state, the reference
pressure is fed by way of the control pressure
supply line 51 to the first control pressure
chamber 16, whereas, in the case of full cur-
rent flow, the pressure of the vacuum source
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alone is fed into the first control pressure
chamber 16. Correspondingly, when the pres-
sure converter 50 is switched off, the exhaust
gas recirculation control element moves into
the closed position and exhaust gas recircula-
tion is prevented.

The second pressure converter 52 is de-
signed such that, in the non-energised state,
the vacuum from the pressure medium source
41 is fed into the second control pressure
chamber 25, and, in the case of full current
supply, the reference pressure alone is opera-
tive in the second control pressure chamber
25. Correspondingly, the vacuum in the first
control pressure chamber 25, with the second
pressure converter in the non-energised state,
closes the butterfly valve 11 under the influ-
ence of the return spring 26. This fulfils a
safety function in that the internal combustion
engine stops if either the control device or the
pressure converter is without energisation.
With such an arrangement, the butterfly valve
11 and exhaust gas recirculation control ele-
ment 12 may be set exactly to the positions
required to control the desired running, power
and emission of the internal combustion en-
gine.

The embodiment in Fig.3 is a variant of the
embodiment shown in Fig.2, wherein likewise
two pressure converters are provided; the first
pressure converter 50, which controls the first
servomotor 14, and a second pressure con-
verter 55, which controls the second servo-
motor 23. As in Fig.2, the two pressure con-
verters are supplied with pressure medium
from a vacuum source 41 by way of the sec-
ond throttle 40 and, in addition, are con-
nected to the ambient air. Unlike the embodi-
ment in Fig.2, the second pressure converter
55 operates identically to the first pressure
converter 50, that is, with the pressure con-
verter in the non-energised state, the refer-
ence pressure is fed by way of the control
pressure supply line 53 to the second control
pressure chamber 25 of the second servomo-
tor 23. This has the advantage that the two
pressure converters may be controlled equidi-
rectionally. Since in order to stop the internal
combustion engine shown in this develop-
ment, the second pressure converter 55 must
be loaded with maximum current or be pulsed
with a continuous pulse, a by-pass line 56
may, for the purpose of simplification and to
reduce the power requirement, be provided in
parallel with the second pressure converter
55. This by-pass line 56 directly connects the
control pressure chamber 25 to the pressure
medium source 41 by way of a three-port,
two-position solenoid valve 57 mounted in the
control pressure supply line in the non-ener-
gised state and which is closed when the
three-port, two-position solenoid valve is in
the energised state. To stop the internal com-
bustion engine, the three-port, two-position
solenoid valve 57 is also turned off at the
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same time as the first pressure converter 50,
so that the vacuum from the pressure source
41 acts in the closing direction on the but-
terfly valve 11. Alternatively, a three-port,
two-position valve may be connected to the
reference pressure port 37 and the pressure
medium port 39, with the result that, with the
three-port, two position valve in the non-ener-
gised state, the two pressure medium ports of
the second pressure converter are connected
to the first pressure medium source 41 only.

Fig.4 shows a variant of the embodiment
according to Fig.1 having a pressure converter
36a which, when in the non-energised state
feeds the reference pressure directly to the
control pressure supply line 30 and closes the
entrance to the pressure medium source 41.
When the change-over valve 21 is in the
closed position as shown, the ambient pres-
sure is fed into the second control pressure
chamber 25 by way of the second control
pressure line 29. When the pressure converter
36a is in the energised state, however, and
with the change-over valve 21 in the given
position, the full vacuum of the pressure me-
dium source 41 prevails in the second control
pressure chamber 25. Since, in order to stop
the internal combustion engine, the change-
over valve 21 must be switched off in order
to attain the position shown in Fig.4, and
since, with the pressure converter 36a
switched off, the vacuum required at the sec-
ond servomotor to switch off the internal
combustion engine would not be effective, a
by-pass line 56 is provided in parallel with the
pressure converter 36a and connects the con-
trol-pressure chamber 25 by way of a three-
port, two-position solenoid valve 57 in the
non-energised state mounted in the control
pressure supply line directly to the pressure
medium source 41 and not to the pressure
converter and which is closed when the three-
port, two-position solenoid valve 57 is in the
energised state. When the controller is in the
non-energised state, the vacuum may be fed
by way of the by-pass line 56 into the second
control pressure chamber 25, thus closing the
butterfly valve 11.

A fifth embodiment shown in Fig.5, a vari-
ant of the embodiment shown in Fig.1, is also
provided with only one pressure converter
36a, which is fed by a vacuum pump 41 as
pressure medium source and which is con-
nected on the other hand to the ambient air.
When in the non-energised state, the pressure
converter 36a feeds the reference pressure (=
the ambient air) into the control pressure sup-
ply line 30. Varying from the embodiment in
Fig.1, this control pressure line 30 leads by
way of a first branch 30a into the second
control pressure chamber 25, to which it is
thus permanently connected, and by way of a
second branch 30b into the first control pres-
sure chamber 16. The second branch 30b is
fitted with an electrically controlled and actu-
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ated change-over valve 61 (shown symboli-
cally) which is in the form of a three-port,
two-position valve and which, in the non-ener-
gised state shown, connects the servomotor
end of the branch 30b to the ambient air and
blocks the pressure converter end of the
branch 30b. When the valve 61 is switched
on, the connection between the parts of the
branch 30b is restored.

In the first operating condition, the change-
over valve 61 shown in this embodiment is
switched on and the control pressure, which
is effective in the first servomotor 14 and
which is set by the pressure converter 36a,
also becomes effective in the second control
pressure chamber of the second servomotor
23. This means that as the cross section of
the exhaust gas recirculation line is made in-
creasingly larger by the exhaust gas recircula-
tion control element 12, the flow cross sec-
tion of intake manifold 9 becomes closed.
This enables the difference in pressure at the
exhaust gas recirculation control element to be
stabilized and constant conditions for exhaust
gas recirculation to be achieved. The stabilized
pressure ratios of the exhaust gas recirculation
element simplify control of the quantity of ex-
haust gas recirculation, and, in the event of a
change in load, the supply of fresh air is ef-
fected rapidly, as the butterfly valve opens at
the same time as the quantity of recirculated
exhaust gas is reduced. During, acceleration,
this avoids a deficit of air in the fuel-air mix-
ture being combusted in the combustion
chamber and thus avoids a discharge of soot
or smoke. This device may be implemented
using a pressure converter of conventional
construction and a simple and economical
three-port, two-position valve.

The pressure converter 36a is constructed
in a first embodiment like the pressure conver-
ter 36a in Fig.4. To stop the internal combus-
tion engine, an additional by-pass line 56,
shown in the drawing as a broken line, is also
provided, which connects the control pressure
chamber 25 by way of an electrically actuated
three-port, two-position solenoid valve 57
mounted in the control pressure supply branch
30 or 30a to the pressure medium source 41
in the non-energised state of the valve 57 and
not to the pressure converter 36, 36a. When
the valve 57 is switched on, the by-pass line
56 is closed and the pressure converter 36,
36a is connected to the control pressure
chamber 25. As a variation to this, the pres-
sure converter may be designed like the one
in Fig.1, which, in the non-energised state,
supplies the control pressure chamber 25 of
the second servomotor with the pressure from
the first pressure medium source 41.

The above-described embodiments are de-
signed to be actuated by vacuum as the con-
trol pressure medium and by atmospheric
pressure as the reference pressure medium.
By changing the servomotors accordingly or
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changing the disposition of the control pres-
sure chamber and position of the return spring
or other transmission mechanism between the
servomotor and throttle element, the devices
described may also be operated in the same
way with super-atmospheric pressure as the
control pressure and atmospheric pressure as
the reference pressure. In this case, the pres-
sure chambers 18 and 27 of the servomotors,
for example, would form the control pressure
chambers with corresponding connection to
the control pressure lines 19 and 29, while
the control pressure chambers 16 and 25
would form the reference pressure chambers
connected to the ambient air.

CLAIMS

1. A control system for a self-igniting inter-
nal combustion engine having an air-intake
system, an exhaust gas collection system, and
an exhaust gas recirculation line leading from
the latter back to the intake system, said sys-
tem comprising an exhaust gas recirculation
control element disposed in the exhaust gas
recirculation line and subjected to a restoring
force in the closing direction; a first pressure
medium actuated servomotor for adjusting
said recirculation control element; a throttle
element disposed in the intake system up-
stream of the juncture with the recirculation
line and subjected in the opening direction to
a restoring force; a second pressure medium
actuated servomotor for adjusting the intake
throttle element, the first and second servo-
motors each having a movable wall coupled
respectively to the recirculation control ele-
ment or the intake throttle element and separ-
ating a respective first or second control pres-
sure chamber from a respective first or sec-
ond reference pressure chamber; a control
pressure converter common to the first and
second servomotors or a separate control
pressure converter for each servomotor, the
or each control pressure converter being
adopted to derive a control pressure from the
pressures of a first pressure source and a
second pressure source, which contro! pres-
sure or pressures is or are to be applied to
both of the first and second control pressure
chambers of the servomotors or respectively
to the first and second control pressure cham-
bers; and a control device for producing a
control signal for the or each control pressure
converter in dependence upon at least one en-
gine operating parameter.

2. A control system as claimed in claim 1,
in which the first servomotor is supplied with
control pressure by a first pressure converter
and the second servomotor by a second pres-
sure converter and in which the first and the
second pressure converters are supplied by
the same pressure sources.

3. A control system as claimed in claim 1,
in which the first servomotor and the second
servomotor may be supplied with control

70

75

80

85

90

95

100

105

110

115

120

125

130

pressure by a single pressure converter, and
in which an electrically controlled changeover
valve is connected between the pressure con-
verter and the servomotors, with the valve in
one position connecting the first control pres-
sure chamber of the first servomotor to the
pressure converter and the second control
pressure chamber of the second servomotor
to the reference pressure source, and, in the
other position, connecting the second control
pressure chamber of the second servomotor
to the pressure converter and the first control
pressure chamber of the first servomotor to
the reference pressure source.

4. A control system as claimed in claim 1,
in which the first servomotor and the second
servomotor can be supplied with control pres-
sure by a single pressure converter, and in
which an electrically controlled three-port,
two-position valve is disposed between the
pressure converter and the first servomotor
and, in one position, connects the control
pressure chamber of the first servomotor to
the pressure converter and, in the other posi-
tion, to the reference pressure source or the
atmosphere, thus closing the connection to
the pressure converter.

5. A control system as claimed in claim 3
or 4, in which the electrically controlled valve
connects, in its non-energised state, the first
control pressure chamber of the first servomo-
tor to the reference pressure source.

6. A control system as claimed in any of
claims 2 to 5, in which the pressure converter
connected to the first servomotor is con-
nected, in the non-energised state of such
pressure converter, to the reference pressure
source and feeds the reference pressure into
the first control pressure chamber of the first
servomotor.

- 7. A control system as claimed in any of
claims 1 to 5, in which the pressure converter
connected to the second servomotor is con-
nected, in the non-energised state of such
pressure converter, to the first pressure
source and feeds its pressure to the control
pressure chamber of the second servomotor.

8. A control system as claimed in claim 6,
in which the pressure converter connected to
the second control pressure chamber of the
second servomotor has, in the non-energised
state of such pressure converter, broken the
connection to the first pressure source, and in
which, in addition to such pressure converter,
a device is provided for connecting the sec-
ond control pressure chamber of the second
servomotor to the first pressure source, such
device having an electrically controlied (three-
port, two-position) valve which, in its non-en-
ergised state, connects the pressure source to
the second control pressure chamber and
blocks the connection between the second
control pressure chamber and the reference
pressure source and which is controlled by
the control device.
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9. A control system as claimed in any of
claims 1 to 8, in which the first pressure
source is a pneumatic vacuum source.

10. A control system as claimed in any of
claims 1 to 8, in which the first pressure
source is a pressure medium pump adapted to
be operated only when the internal combus-
tion engine is running.

11. A control system as claimed in any of
claims 1 to 10, in which the control device
controls the pressure acting in the control
pressure chambers of the first and the second
servomotors, in such a way that, in a first
operating condition (exhaust gas recirculation),
the second control pressure chamber of the
second servomotor is subjected to the refer-
ence pressure and the first control pressure
chamber of the first servomotor is subjected
to the control pressure, and that, in a second
operating condition (idling, burning off of soot
filter, stopping), the control pressure chamber
of the first servomotor is subjected to the
reference pressure and the control pressure
chamber of the second servomotor is sub-
jected to the control pressure.

12. A control system as claimed in any pre-
ceding claim, in which, in a first operating
condition {(exhaust gas recirculation), the con-
trol pressure fed to the first servomotor is
altered in such a way that residual filling of
the combustion chamber with recirculated
quantities of exhaust gas is effected according
to an adjustable fuel-air ratio of the media fed
to the combustion chamber of the internal
combustion engine.

13. A control system as claimed in any of
claims 1 to 12, in which the intake cross sec-
tion of the intake system is controlled in ac-
cordance with operating parameters by the
throttle element which is controlled by the
control device, to produce low running noise
in an internal combustion engine with low load
and when idling, whilst retaining a desired
fuel-air ratio.

14. A control system as claimed in claim
13, in which the internal combustion engine
has a soot collection device in the exhaust-gas
collection system for collecting soot contained
in the exhaust gas, and in which, in the sec-
ond operating condition, the exhaust gas tem-
perature may be raised by throttling the intake
cross section of the intake system with the
aim of burning off the collected soot, whereby
the rise in exhaust gas temperature is con-
trolled by characteristic values of the collec-
tion device or other parameters.

156. A control system as claimed in any of
claims 1 to 14, in which, by switching off the
control device, the second operating condition
(idling, burning off soot filter, stopping) may
be produced and/or the control pressure
chamber of the second servomotor may be
subjected to the pressure from the first pres-
sure source.

16. A control system as claimed in any pre-
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ceding claim, in which the reference pressure
chambers of the servomotors are connected

to the reference pressure source or sources

for the control pressure converter or conver-
ters.

17. A control system as claimed in any pre-
ceding claim, in which the reference pressure
chambers of the servomotors are under atmo-
spheric pressure.

18. A control system as claimed in any pre-
ceding claim, in which the reference pressure
source for the or each control pressure con-
verter is atmospheric.

19. A control system as claimed in any pre-
ceding claim, in which the control device is
responsive to the quantity of air inducted by
and the quantity of fuel fed to the engine.

20. A control system for a self-igniting in-
ternal combustion engine, constructed and
adapted to operate substantially as herein de-
scribed with reference to and as illustrated in
the accompanying drawings.

21. A method of controlling gases compris-
ing on the one hand, air and, on the other
hand, recirculated quantities of exhaust gas
fed to the combustion chamber or chambers
of a self- igniting internal combustion engine,
in which the recirculation quantity of exhaust
gas is controlled by an exhaust gas recircula-
tion control element actuated by a controllable
pressure medium, and in which, in a first op-
erating range, and with recirculated exhaust
gas, the air is fed unrestrictedly and, in a sec-
ond operating range, the air fed in is also
controlled by a throttle element actuated by a
controllable pressure medium, and the exhaust
gas recirculation is discontinued.

22. A method as claimed in claim 21, in
which, in the second operating range, the
quantity of air is adapted, by throttling, to the
quantity of fuel to be injected, in dependence
on operating parameters of the internal com-
bustion engine, particularly in relation to low-
noise running of the internal combustion en-
gine.

23. A method as claimed in claim 22, in
which throttling is controlled in dependence on
exhaust gas emission conditions.

24. A method as claimed in claim 23, in
which throttling is controlled to increase the
exhaust gas temperature in order to burn off
soot which has collected in a collection de-
vice.

25. A method as claimed in claim 22, in
which the internal combustion engine may be
stopped by throttling the quantity of air.

26. A method as claimed in any of claims
21 to 25, in which adjustment of the throttl-
ing element controlling the quantity of air and
of the exhaust gas recirculation control ele-
ment controlling the recirculated quantity of
exhaust gas is effected by the control pres-
sure produced from two initial pressures by an
electrically controlled pressure converter, and
in which, when the control device is switched
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off, the exhaust gas recirculation line is closed
by the exhaust gas recirculation control ele-
ment upon which a restoring force acts, and
the intake system is opened by the throttle
element upon which a restoring force acts,
and, when the internal combustion engine is
running, is closed when actuated by one of
the initial pressures.

27. A method of controlling gases substan-
tially as herein described with reference to and
as illustrated in the accompanying drawings.
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