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57 ABSTRACT 
In an internal combustion engine having an inlet mani 
fold and an outlet or exhaust pipe, the present appara 
tus regulates the recycling of partially combusted 
fuels. The apparatus includes a feedback pipe which 
connects the exhaust pipe and the intake manifold to 
permit the exhaust gases to flow from the former to 
the latter. A cut-off valve is provided in the feedback 
pipe and is movable therein between first and second 
positions, the cut-off valve blocking the flow of the 
partially combusted fuels in the first position and per 
mitting the flow of the latter in the second position. 
The cut-off valve is electromagnetically controlled by 
an activating circuit which controls the position of the 
cut-off valve under different predetermined operating 
conditions of the combustion engine or the vehicle 
driven by the combustion engine. 

33 Claims, 4 Drawing Figures 

  



3.807.376 PATENTED APR30 1974 
SHEET 1 OF 3 

19 

  

  

  



PATENTED APR30 1974 3,807,376 
SHEET 2 OF 3 '' 

yi 
frx CEE 
Otis KX 

  

  



PATENTED PR30 94 3,807,376 
SHEET 3 OF 3 

. N. 19 
(K22W 

2 
  



REGULATING THE APPARATUS FOR 
RECYCLINGoF PARTIALLY COMBUSTEDFUELS 

IN AN INTERNAL COMBUSTION ENGINE 

According to one embodiment of the invention, a 
throttle valve is provided in the intake manifold, said 
valve being rotatably movable in said manifold for con 
trolling the amount of air intake into the combustion 
engine. First and second switches are provided which 
are coupled to the throttle valve or to the gas pedal, 
which is coupled to the throttle valve, to open or close 
said switches in predetermined positions of the throttle 
valve. The switches are connected in the base circuit of 
a transistor switching circuit, and the excitation coil of 
the electromagnet which controls the position of the 
cut-off valve is connected in the collector circuit of the 
transistor switching circuit. When the combustion en 
gine is idling, the first switch is closed while when the 
engine is running at full or near-full load, the second 
switch is closed. Only during these two operating con 
ditions of the combustion engine are one of these two 
switches closed, such closure activating the transistor 
switching circuit to cause the electromagnet to position 
the cut-off valve in a blocking position. For positions of 
the throttle valve intermediate to idling and forward 
operations, both switches are open and the cut-off 
valve maintains its position which permits the flow of 
the partially combusted fuels in the feedback pipe. . 
According to another embodiment, a pivotable baf 

fle plate is provided in the intake manifold upstream of 
the throttle valve in the direction of intake airflow, the 
position of the baffle plate being a function of the quan 
tity of intake air passing into the intake manifold. A 
swinging lever is coupled to the baffle plate to share its 
movements, said swinging lever controlling the open or 
closed state of the switches. The baffle plate is further 
coupled to the movable tap of a potentiometer across 
which a voltage is applied. The voltage at the tappoint 
of the potentiometer, being a function of the position 
of the baffle point, influences a device which controls 
the injection of fuel into the combustion engine. 
A threshold circuit may be utilized which senses the 

open or closed positions of a plurality of sensing 
switches, such as sensing switches which sense the posi 
tion of the throttle valve, the operating temperature of 
the engine, the rotational velocity of the engine crank 
shaft, the velocity of the vehicle driven by the engine, 
and the operating conditions of the transmission. When 
predetermined conditions are reached for the just 
mentioned other operating parameters, the threshold 
circuit activates the electromagnet which controls the 
cut-off valve in the feedback pipe. 

BACKGROUND OF THE INVENTION 
The present invention relates to recycling systems for 

internal combustion engines, and particularly to a recy 
cling system which utilizes a cut-off valve in the feed 
back pipe connecting the exhaust pipe and the intake 
manifold, such system including an electromagnetic 
component for controlling the position of the cut-off 
valve in response to predetermined operating condi 
tions of the combustion engine. 
As is well known, most internal combustion engines 

do not fully burn up the mixture of air and gasoline 
which is injected into the cylinders of the combustion 
engine. For this reason, the exhaust stroke is such that 
the gases expelled from the cylinders include partially 
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combusted fuels in addition to the products of combus 
ition. Such exhaust gases contain components which are 
injurious to health. In order to reduce the amount of 
harmful exhaust gases, it has been known to recycle a 
small amount of the exhaust gases. Thus, a small 
amount of the exhaust gases are fed back through a 
feedback conduit to the intake manifold where the ex 
haust gases are mixed with the fresh air taken into the 
exhaust manifold. However, this approach has had its 
disadvantages. For one, the efficiency of the internal 
combustion engine is generally reduced. Although the 
reduction in efficiency has not generally been that crit 
ical under intermediate operating conditions of the en 
gine, such decrease in efficiency is very undesirable 
when the engine is running under full load or near full 
load. Also, this approach has caused problems during 
idling of the engine, such recycling generally causing 
rough operation of the engine. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide an apparatus for regulating the recycling of 
partially combusted fuels which does not have the dis 
advantages of the prior art. 

It is another object of the present invention to pro 
vide an apparatus for regulating the recycling of par 
tially combusted fuels in an internal combustion engine 
which is simple in construction and economical to man 
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ufacture. - 

It is still another object of the present invention to 
provide an apparatus for regulating the recycling of 
partially combusted fuels which permits operation of 
the engine at maximum efficiency at full or near-full 
operating loads. w 

It is a further object of the present invention to pro 
vide an apparatus for regulating the recycling of par 
tially combusted fuels in combustion engines which 
does not cause rough operation of the engine during 
idling. 

It is yet a further object of the present invention to 
provide an apparatus for regulating the recycling of 
partially combusted fuels in a combustion engine which 
regulates the extent of recycling as a function of prede 
termined operating conditions of the combustion en 
gine or of the operation of the vehicle driven by the 
combustion engine. 

It is yet another object of the present invention to 
provide an apparatus for regulating the recycling of 
partially combusted fuels which simultaneously makes 
it possible to control the operation of the fuel-injection 
valves as a function of the load conditions of the inter 
nal combustion engine. 

In accordance with the present invention, in an inter 
nal combustion engine having inlet means and outlet 
means, an apparatus is provided for regulating and re 
cycling of partially combusted fuels. Such apparatus 
comprises feedback conduit means for passing said par 
tially combusted fuels from said outlet means to said 
inlet means. Valve means are provided in said feedback 
conduit means for regulating the passage of said par 
tially combusted fuels through said feedback conduit 
means. The valve means are controlled by activating 
means as a function of a predetermned operating con 
dition of said internal combustion engine. 
According to a presently preferred embodiment, said 

valve means comprises a cut-off valve movable be 
tween first and second positions, said cut-off valve 
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blocking the flow of partially combusted fuels in said 
first position and permitting the flow of the latter in 
said second position. An electromagnetic means is pro 
vided for moving said cut-off valve from one of said po 
sitions to the other. 
Said intake means comprises an intake manifold pro 

vided with a movable control element, the position of 
the latter being directly related to the quantity of air 
taken into said intake manifold. Switch means are pro 
vided which are coupled to said control element to 
share common movements therewith, said switch 
means being connected to said activating means, the 
latter being connected to said electromagnetic means 
for influencing the position of said cut-off valve in re 
sponse to predetermined positions of said control ele 
ment. Namely, said switch means comprise first and 
second switches. Each switch has a pre-set condition 
which causes said activating means to influence said 
electromagnetic means to maintain said cut-off valve in 
said first position, said pre-set conditions for each 
switch being attainable by the movement of said con 
trol element to said predetermined positions. Said first 
switch only attains said pre-set condition when said 
throttle valve is in a position corresponding to idling of 
said engine, while said second switch only attains said 
pre-set condition when said throttle valve is in a posi 
tion corresponding to full load and near-full load oper 
ation of said engine. Said control elements can be se 
lected to comprise a throttle valve coupled to a gas 
pedal, at least one of said switches being coupled to at 
least one of said throttle valve and said gas pedal. Said 
electromagnetic means comprises an electromagnetic 
device having an excitation winding. The activating 
means comprising a transistor, said switching means 
being arranged in the base circuit of said transistor and 
said excitation winding being connected in series with 
the emitter-collector path of said transistor. Upon actu 
ation of said switches, said excitation winding serves to 
influence the position of said cut-off valve. 
According to another presently preferred embodi 

ment, in addition to said control element, a baffle plate 
is provided in said intake manifold, at least one of said 
switches being controlled by the movement of said baf 
fle plate. Said baffle plate is upstream of said control 
element in the direction of air intake through said in 
take manifold. Said baffle plate and said control ele 
ment are arranged in spaced relationship in said intake 
manifold, said feedback conduit means joining the lat 
ter between said baffle plate and said control element. 
According to a modification, said feedback conduit 
means joins said intake manifold upstream of said baf 
fle plate in the direction of air intake through said in 
take manifold. A potentiometer is provided which has 
a movable tap and is arranged to produce a variable 
voltage, said control element being connected to said 
tap contact for assuring movement therewith. Thresh 
old means are connected to said tap contact for re 
sponding to at least one predetermined level of said 
variable voltage. Said activating means further com 
prises threshold means for detecting a preselected 
threshold level and having input means. Said first and 
second switches are connected to said input means. Ac 
cording to further modifications, said threshold circuit 
further comprises sensitive switch means for operating 

4. 
speed of the vehicle powered by said combustion en 
gine, and the operating conditions of the transmission 
of the vehicle powered by said combustion engine. 
When predetermined conditions have been achieved in 
any of the aforementioned output characteristics, the 
threshold circuit is effective to control the cut-off valve 
in said feedback conduit means, to thereby regulate the 
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said threshold circuit, wherein said sensitive switch 
means may be sensitive to the speed of said combustion 
engine, the operating temperature of said engine, the 

passage of partially combusted fuels from said exhaust 
pipe to said intake manifold. 
The novel features which are considered as charac 

teristic for the invention are set forth in particular in 
the appended claims. The invention itself, however, 
both as to its construction and its method of operation, 
together with additional advantages and objects 
thereof, will best be understood from the following de 
scription of specific embodiments when read in con 
nection with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a top-plan view, shown schematically, of an 
internal combustion engine having fuel injection and 
recycling of exhaust gases according to the present in 
vention; 
FIG. 2 is a schematic of a circuit utilized for automat 

ically controlling the flow of recycled exhaust gases; 
FIG. 3 is a second embodiment of the present inven 

tion which utilizes an air-measuring device provided in 
the intake manifold; and 
FIG. 4 shows a schematic diagram of a preferred em 

bodiment for a control circuit for controlling the flow 
of partially combusted fuels from the exhaust pipe to 
the intake manifold. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, a four-cyclinder, four-cycle in 
ternal combustion engine 10 is shown which is pro 
vided with electromagnetically controlled fuel 
injection valves 11. One of the fuel-injection valves is 
provided in each of the branching pipes which branch 
from the intake manifold 12 as shown. In the intake 
manifold is provided a throttle valve 13 which is pivot 
ally mounted in the manifold 12. The throttle valve 13 
can be connected to a gas pedal 14 in conventional 
manner. The throttle valve 13 is pivotable in the intake 
manifold between two positions. The first position, 
when the gas pedal 14 is not pressed, this correspond 
ing to the idling condition of the engine, is such that a 
limited amount of air can enter the intake manifold 12 
through the air filter 15. However, when the gas pedal 
14 is substantially depressed, the throttle valve 13 
opens, that is to say pivots to a position where the maxi 
mum amount of air passing through the air filter 15 can 
pass into the intake manifold. During rotation of the 
crankshaft of the internal combustion engine, the fuel 
injection valves serve to inject gasoline into the com 
bustion engine from fuel conduits (not shown) under a 
substantially constant pressure of 2 atm. over atmo 
spheric pressure. Such injection results in response to 
electrical impulses which are provided by an electronic 
apparatus 17. 
The control apparatus 17 may contain a monostable 

multivibrator which is fired by pulses obtained from an 
impulse generator (not shown) which is coupled to the 
crankshaft to thereby generate impulses in synchro 
nism with the position of the crankshaft. By using such 
pulses from the monostable multivibrator, the duration 
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during which the injection valves are open, and there 
fore the amount of fuel injected, can be fixed or regu 
lated at will. The adjustment or apportionment of the 
injected fuel quantities is accomplished by well known 
means which are not shown. The object of such adjust 
ment is on the one hand to burn the injected fuel fully 
so as to leave the minimum amount of partially com 
busted fuels and on the other hand to be able to operate 
the combustion engine up to the greatest possible 
power output under full-load operation. As shown, the 
exhaust pipe 19 is connected to the engine 10 for re 
moval of the exhaust gases, said exhaust pipe 19 being 
connected to a muffler 20. From the muffler 20 the ex 
haust gases are released into the atmosphere by means 
of tailpipe 21. 

In order to reduce the amount of harmful constitu 
ents in exhaust gases, it has been known, as described 
above, to feedback a small quantity of the exhaust gas 
through a feedback pipe 25 from the exhaust pipe 19 
to the intake manifold 12. As shown in FIG. 1, the feed 
back pipe is joined to the intake manifold 12 upstream 
of the throttle valve 13 in the direction of the air intake 
into the manifold. The exhaust gases and the freshly 
drawn-in air are mixed and flow on to the intake mani 
fold 12 for recycling through the engine 10. However, 
as suggested above, such an arrangement has created 
problems in the past since recycling during idling has 
generally caused rough operation of the engine while 
recycling at full or near-full load has made it impossible 
to achieve maximum power from the engine. 

In order to remove these disadvantages, switches 27 
and 28 are provided which may be directly coupled to 
the gas pedal 14 or to the throttle valve 13 which is 
coupled to the gas pedal 14. The first switch 27 has a 
movable arm 31 and a fixed contact 32. The first switch 
27 is only closed when the throttle valve 13 is in the po 
sition which corresponds to idling of the engine. Thus, 
when the gas pedal 14 is not depressed, the switch 27 
is closed or the movable arm 31 engages the fixed 
contact 32. The second switch 28 similarly has a mov 
able arm 33 and a fixed contact 34. However, the 
switch 28 is only closed or the movable arm 33 engages 
the fixed contact 34 when the throttle valve 13 is in a 
position corresponding to full-load or near-full load 
operation of the combustion engine. Otherwise, the 
switch 28 is normally open, said switch closing only 
when gas pedal 14 is almost totally depressed. As men 
tioned, in the latter position of the gas pedal, the throt 
tle valve 13 is oriented to permit the maximum amount 
of air flow through the intake manifold 12. 
The switches 27 and 28 form part of a control device, 

to be described, which controls the flow of exhaust 
gases in the feedback pipe 25. Namely, it controls the 
position of the cut-off valve 35. The cut-off valve con 
tains a blocking flap 36 which is controllable by an 
electromagnetic device 37, to be described, for moving 
the flap between a position which blocks the flow of ex 
haust gases through the feedback pipe 25 and a posi 
tion which permits the maximum flow of exhaust gases 
through the feedback pipe 25. By controlling the state 
of excitation of the electromagnetic device 37, it is pos 
sible then to regulate the amount of recycling, if any, 
which takes place. 
Referring now to FIG. 2, a circuit schematic is shown 

of one embodiment of a control device for regulating 
the electromagnetic device 37 in response to the open 
or closed states of the switches 27 and 28 referred to 
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6 
in FIG. 1. The active component of the circuit device 
is a transistor 40 which is provided with a limiting resis 
tor 41 which connects the emitter with the negative 
voltage supply lead 42. In the collector circuit of the 
transistor 40 is the excitation winding (not shown) of 
the electromagnetic device 37. This excitation winding 
is connected in series with the emitter-collector path of 
the transistor 40. As shown, the transistor 40 is of the 
NPN type and the collector circuit is connected to the 
positive supply voltage lead 44. In order to protect the 
transistor 40 from voltage spikes which may develop in 
the excitation winding of the electromagnetic device 
37, the winding is shunted by a series circuit comprising 
a resistance 43 and a diode 45. Such a circuit provides 
a discharge path for the voltage spikes to thereby pro 
tect the transistor 40 from being damaged. 
The movable arms 31 and 33 of each of the switches 

27 and 28 are connected to the negative voltage supply 
lead 42 and are thus connected with the emitter of the 
transistor 40. The fixed contacts 32 and 34 on the other 
hand are connected to the tap point 47 of a voltage di 
vider, to be described, by means of two diodes 48 and 
49. The diodes 48 and 49 effectively de-couple the 
switches from one another. As a result of such decou 
pling between the switches, it is also possible to control 
the control device and the cut-off valve 35 as functions 
of other important operating characteristics of the in 
ternal combustion engine or of the vehicle powered by 
said combustion engine. Thus, it may be desired to op 
erate the cut-off valve 35, for example, as the fuel con 
sumption increases at full load or a switching-off during 
shifting operations. . 
The voltage divider is positioned between the posi 

tive and negative supply voltage leads 44 and 42 re 
spectively. A resistance 50 is connected to the positive 
supply lead 44 and the resistance 51 is connected to the 
negative supply lead 42. A series circuit comprising a 
resistance 54 and a diode 53 is connected in series with 
and between the resistances 50, 51. The resistance 51 
and the cathode of the diode 53 are connected at the 
junction 52 which is connected to the base of the tran 
sistor 40. The connection between the resistances 50 
and 54 forms a junction point 47 to which the diodes 
48 and 49 are connected. 
The operation of the circuit shown in FIG. 2 will now 

be described. As long as both the switches 28 and 27 
are open, the voltage divider comprising the resistances 
51,54 and 50 and the diode 53 establishes a voltage at 
the junction point 52 which is supplied to the base of 
the transistor 40. By appropriately selecting the values 
of the resistances in the divider circuit, a sufficiently 
positive voltage is applied to the base of the transistor 
40 relative to its emitter voltage so that the transistor 
40 is placed into a conductive state. Thus, the transistor 
40 is biased by the divider circuit, the base current 
flowing through the resistance 50, the resistance 54 and 
the diode 53. When the transistor 40 is placed into the 
conductive state, a collector current flows from the 
positive supply lead 44 through the excitation coil of 
the electromagnetic device 37, through the collector 
emitter path of the transistor 40, the resistance 41 and 
the negative supply lead 42. By appropriately biasing 
the transistor 40, a sufficiently large collector current 
flows which is thus sufficient to excite the electromag 
netic device shown in FIG. 1 to thereby change the po 
sition of the cut-off valve 35. In accordance with one 
presently preferred embodiment, excitation of the elec 
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tromagnetic device 37 causes the latter to move the 
cut-off valve 35 into its open position of the position 
which permits maximum flow of exhaust gases to be re 
cycled through the feedback pipe 25. As described 
above, the prevailing operating condition of the engine 
which causes both switches 27 and 28 to be open is 
operation at intermediate loads. Thus, with the circuit 
described, the cut-off valve 35 is closed during idling 
and at full or near full load, while said valve is open at 
all intermediate operating conditions. 
Describing now the sequence of conditions which 

take place when the gas pedal 14 is moved to its nor 
mal, undepressed condition to its full load, or totally 
depressed position. When the gas pedal 14 is unde 
pressed, the switch 27 is closed, while the switch 28 is 
open. This corresponds to the idling condition of the 
engine. Referring to FIG. 2, when the switch 27 is 
closed, the junction point 47 is made more negative by 
virtue of the connection of the junction point 47 to the 
negative supply voltage 42 via the diode 49. The diode 
49 is placed in the forward conducting state and, there 
fore, the voltage at the junction point becomes substan 
tially equal to the voltage appearing at the negative 
voltage supply lead 42, except for the voltage drop 
across the diode 49. The change in the voltage of the 
junction point 47 from a substantially positive voltage 
to a substantially negative voltage results, after further 
voltage division, in the application of a substantially 
less positive voltage to the base of the transistor 40. 
The base of the transistor 40 has its base current re 
duced substantially, whereby the transistor 40 is turned 
off or placed in the non-conductive state. With the 
turning off of the transistor 40, the collector current in 
the collector of the transistor 40 becomes zero, the cur 
rent through the electromagnetic device 37 likewise 
decreases to substantially zero current. With the excita 
tion current in the coil of the electromagnetic device 
37 so decreased, said electromagnetic device becomes 
de-activated, this permitting the cut-off valve 35 to re 
turn to its normally closed position. In this latter posi 
tion, the cut-off valve prevents any of the exhaust gases 
from being transmitted from the exhaust pipe 19 to the 
intake manifold 12. To protect the transistor 40 against 
overloading, in the event that the device 37 is short 
circuited, a series connection of two diodes 56 and 57 
is provided between the base of the transistor 40 and 
the negative supply lead 42. These series-connected di 
odes are effectively in parallel with the base-emitter 
path of the transistor 40 and the limiting resistor 41. 
This provides a parallel current path through the path 
flowing through the base-emitter terminals. The diodes 
56 and 57 are arranged to conduct the current in the 
same direction as the current flowing through the base 
emitter path of the transistor 40. 
As the pedal 14 is depressed from its position corre 

sponding to idling of the engine, the switch 27 opens 
and the transistor suddenly becomes energized or put 
into the conductive state, and the cut-off valve 35 be 
comes opened as described above. The cut-off valve 35 
in thus maintained open for most positions of the gas 
pedal 14. However, when the gas pedal 14 is totally de 
pressed, or near totally depressed, this corresponding 
to full-load or near-full-load operation of the combus 
tion engine, the switch 28 closes. The closing of the 
switch 28 causes the transistor 40 to be blocked in sub 
stantially the same manner as when the switch 27 was 
closed. 
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8 
Referring now to FIG. 3, this shows a second embodi 

ment of a similar combustion engine as that shown in 
FIG. 1. Here the fuel-injection valves 11 are shown to 
be connected to the fuel conduits 61 which supply fuel 
for injection by the latter. A fuel distributor 62 divides 
the fuel among the conduits 61. An electric motor 
driven pump 63 pumps the fuel from the fuel tank to 
the fuel distributor 62, a pressure regulator 64 being 
interposed therebetween for maintaining a constant 
fuel pressure of approximately 2 atm. over atmo 
spheric. Similarly as in the embodiment shown in FIG. 
1, this second embodiment is likewise provided with a 
feedback pipe 25 which is provided with a cut-off valve 
35 which is operable by an electromagnetic device 37. 
A modification in this embodiment, however, is that in 
addition to the throttle valve 13, a baffle plate 65 is 
provided in the intake manifold 66 of the internal com 
bustion engine. The baffle plate 65 is biased by a spring 
(not shown) which urges said baffle plate to move 
towards blocking position as shown by the solid line in 
FIG. 3. Said baffle plate 65 is pivotable about an axis 
67 and is pivotable about said axis as a function of the 
quantity of air taken in per unit time into the intake 
manifold 66. In this sense, the baffle plate 65 comprises 
an air-measuring device, the intake air causing said 
plate to move from its blocking position shown when 
little air is taken into the manifold to its fully opened 
position when the near-maximum amount of air is 
drawn in. 
With the baffle plate 65, and namely the shaft 67 

which pivots the latter, is connected a tap or movable 
sliding contact 68 which shares the movements of the 
baffle plate 65. A constant D.C. voltage is supplied 
across the potentiometer 69, said potentiometer having 
an exponential characteristic curve so that a linear rela 
tionship arises between the quantity of air which passes 
into the intake manifold 66 and the voltage which ap 
pears at the tap 68. Such linear voltage is useful for 
controlling the operation of the injection valves by con 
trolling the control device 17 in synchronization with 
the speed of the engine. 
The baffle plate 65 is also coupled to the swinging 

lever 72 which controls a first switch 73 and a second 
switch 74. The swinging lever 72 maintains the switch 
73 in an open position when the baffle plate is in its 
blocking position, such as during idling of the engine. 
Since the quantity of air intake into the intake manifold 
66 is controlled by the throttle valve 13, the baffle plate 
65 will remain in its blocked position and the switch 73 
will be maintained in the open position so long as the 
gas pedal 14 is not depressed. This condition is shown 
in connection with the switch 73 and the solidly drawn 
baffle plate 65. When the gas pedal is depressed, or the 
load on the engine is increased, the throttle valve opens 
so as to permit more air to flow through intake mani 
fold 66, the passing air simultaneously urging the baffle 
plate 65 to pivot in clockwise direction against the ac 
tion of the restoring spring (not shown). For example, 
according to the operating condition of the engine, the 
baffle plate 65 may assume an angle or in relation to its 
fully opened position. Such pivoting movement of the 
baffle plate 65 causes the swinging lever 72 to rotate 
clockwise, this permitting the switch 73 to close. The 
switche 73 remains in the closed position until the en 
gine is returned to its idling condition. 
With increased air intake into the intake manifold 66, 

such as may result from increase of the speed of the en 
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gine or further opening of the throttle valve 13, the baf. 
fle plate 65 continues to pivot in clockwise direction 
and may change, for example, from the angle or to a 
new angle o. The position of the baffle plate 65 corre 
sponding to the angle as also corresponds to full load 
or near-full load operation of the combustion engine. 
In this position of the baffle plate 65, the swinging lever 
72 also has pivoted clockwise sufficiently to engage 
with the movable contact 78 of the switch 74. Thus, the 
normally closed switch 74 is opened by the swinging 
lever 72 when the baffle plate 65 has been almost fully 
opened or when the engine is operating at full or near 
full load. 
As described above, the cut-off valve 35 should only 

be opened when the combustion engine not operating 
at full load or near full load or at idling conditions. To 
accomplish this the switches 73 and 74 can be used in 
conjunction with the circuit shown in FIG. 2. However, 
the switches 27 and 28 are so arranged so that the 
switch 27 is normally closed and the switch 28 is nor 
mally opened, both switches being opened at operating 
conditions of the engine which are intermediate to 
idling and full or near-full load. On the other hand, the 
switches 73 and 74 in FIG. 3 are arranged so that the 
switch 73 is normally opened and the switch 74 is nor 
mally closed. For intermediate operating conditions of 
the engine, both switches 73 and 74 are closed. To use 
the circuit shown in FIG. 2 in conjunction with the em 
bodiment shown in FIG. 3, it may thus be possible to 
modify the circuit as suggested by the dashed compo 
nents shown in FIG. 2. In the modified circuit, the 
switches 27 and 28 as well as the diodes 48 and 49 
would be eliminated. The switches 73 and 74 can be 
connected in series. These switches are then connected 
to the tap point 47 by means of a coupling circuit such 
as resistances 48' and 49' connected in series with the 
diodes 48' and 49". Although one parallel branch con 
taining the latter resistances and diodes will usually be 
sufficient, the arrangement shown reduces the current 
carried in each branch. In this modification, the resis 
tances 51,54 and 50 are so selected so that the transis 
tor 40 is in a normally non-conductive state. During 
idling the switch 73 is open while at full or near-full 
load the switch 74 is open. In these two conditions the 
voltage level at the tap 47 is maintained at a relatively 
negative level so that the base voltage of the transistor 
40 is not sufficiently positive in relation to its emitter 
to turn the transistor 40 on. However, at intermediate 
operating conditions of the internal combustion engine, 
both switches 73 and 74 close, and since the switches 
are connected to the positive supply lead 44, a current 
flows through these switches and through the resistor 
diode coupling circuit towards the tappoint 47. The re 
sistances 48' and 49' are so selected that a sufficiently 
large current is permitted to flow to make the voltage 
at the tap point 47 more positive and therefore also 
make the voltage at the tap point 52 more positive. The 
divider resistances can be selected so that under the 
condition where both switches 73 and 74 are closed, 
the transistor is placed into the conductive state, this 
energizing the excitation coil of the electromagnetic 
device 37 to thereby open the cut-off valve 35. 

Still referring to FIG. 3, the switches 73 and 74 can 
be connected to other electronic circuits, the circuit in 
FIG. 2 being merely illustrative. Control can also be re 
alized with electronic circuitry which senses the voltage 
U at the output of the movable tap point 68. Thus, the 
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10 
voltage U can be applied to a threshold circuit which 
is arranged to detect preselected voltages, these volt 
ages being made to correspond to predetermined oper 
ating conditions of the engine. 

In the normal position shown, the movable tap point 
68 is near the beginning or at one end 80 of the potenti 
ometer 69. As the movable tap point 68 sweeps across 
the potentiometer 69 the voltage Uchanges in value in 
accordance with the characteristics of the potentiom 
eter 69. Being coupled to the baffle plate 65, the volt 
age Uthereby becomes a function of the quantity of air 
which is taken into the intake manifold 66. Instead of 
the mechanical switches 73 and 74 shown in FIG. 3, 
one can also use electronic switches, such as known 
threshold switches which can be made to open and 
close similarly as the switches 73 and 74 as a function 
of the voltage U. Such electronic switches can take the 
form of a threshold circuit which can comprise an inte 
grated circuit. The threshold switches, as well as other 
subassemblies in the control device 17 can be selected 
to be integrated circuits and constructed in modular 
form for simple construction and maintenance. Addi 
tional subassemblies within the control device 17 may 
include multivibrators, intermediate amplifiers, multi 
plier stages and other like elements. Such integrated 
modules can be easily incorporated with one another in 
well known manner. 
Although the feedback pipe 25 in FIG. 3 is shown to 

be joined with the intake manifold 66 upstream of the 
baffle plate 65 in the direction of the air intake, it is 
equally possible, according to a modification to join 
such feedback pipe to the intake manifold at a point be 
tween the baffle plate 65 and the throttle valve 13, as 
shown by the dashed outline. 
Very frequently, motor vehicles encounter obstacles 

on the road, this resulting in shocks and vibrations 
which may affect mechanical components of the vehi 
cle. For this reason, reliable contact of mechanical 
switches cannot be guaranteed. Additionally, it may be 
advisable to control the recycling of exhaust gases as a 
function of the operating temperature of the engine, 
the ambient temperature, the temperature of the air 
taken into the intake manifold as well as other operat 
ing characteristics of the vehicle, such as the speed of 
the vehicle. The disadvantages in recycling exhaust 
gases containing partially combusted fuels may also re 
sult or be affected by these enumerated, as well as 
other operating conditions. To control the position of 
the cut-off valve as a function of some or all of these 
conditions, as well as those discussed in connection 
with FIGS. 1 and 3, a circuit such as shown in FIG. 4 
may be utilized. Shown in FIG. 4, are the load-sensitive 
switches 27 and 28, shown in an intermediate position 
of load of the engine. In this instance, as described 
above, both the switches 27 and 28 are opened. The 
switches 27 and 28 are connected to the input of a di 
rection stage, which can be in form of a threshold cir 
cuit, for sensing the opened or closed positions of the 
switches. In FIG. 4, the detecting circuit is in the form 
of a Schmitt trigger having an input transistor 81 and 
an output transistor 82. Additionally, a timing circuit is 
provided which comprises the capacitor 83 and resis 
tance 84. Positive feedback coupling is utilized, this 
feedback being provided by connecting the two emit 
ters of the transistors to the negative voltage supply 
lead 42 through a common-emitter resistance 85. The 
bases of both of the transistors are directly coupled to 
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the negative voltage supply lead 42. Thus, the base of 
the transistor 82 is connected to the lead 42 by means 
of the resistance 87, while the base of the transistor 81 
is connected to the lead 42 by way of the resistances 
88, 84, and 91. A voltage divider connected between 
the positive voltage supply lead 44 and the negative 
voltage supply lead 42 comprises the resistances 91 and 
92, said divider having a tap point 90 which is con 
nected to the base of the transistor 81 by way of the re 
sistances 84 and 88. A resistance 86 is connected be 
tween the collector of the transistor 81 and the base of 
the transistor 82. 
Also connected to the tap point 90 of the voltage di 

vider is a limiting resistance 93 which is connected in 
series with the parallel combination of the diodes 47, 
48, 94 and 95. Such an arrangement of diodes com 
prises a four-input OR-circuit. To each of the diodes is 
connected one of the switches 27, 28, 96 and 97, re 
spectively. The movable contacts of said latter switches 
are connected to the negative voltage supply lead 42. 
For purposes of explaining the presently preferred em 
bodiment, only two additional switches, switches 96 
and 97, have been shown to be provided in addition to 
the load-sensitive switches 27 and 28. However, this is 
only for illustrative purposes, it being understood that 
additional switches and corresponding diodes can be 
connected in parallel with the parallel paths shown in 
FIG. 4 so as to increase the number of inputs to the OR 
circuit. To illustrate the possible applications of such a 
circuit, the switch 96 can be selected to be a tempera 
ture-sensitive switch which is sensitive to the tempera 
ture of the internal combustion engine. Preferably, the 
switch is in the normally closed position, the switch 
opening when, for example, the operating temperature 
of the internal combustion engine is equal to or exceeds 
--10°C. Also, the switch97, in series with the diode 95, 
can be selected to be sensitive or dependent on a par 
ticular operating condition of the motor vehicle which 
is driven by the internal combustion engine, for exam 
ple the switch 97 can be dependent on the velocity of 
the motor vehicle or dependent on a predetermined 
condition or step of the transmission of the motor vehi 
cle, such as whether the transmission is in overdrive or 
not. It will be appreciated that all the operating condi 
tions of the internal combustion engine, as well as the 
conditions relative to the motor vehicle, in most cases 
either directly or indirectly indicate or influence the 
load on the engine. For these reasons, these additional 
conditions may be utilized to supplement or to modify 
the operation of the basic switches 27 and 28. In other 
instances, the engine and vehicle characteristics may 
improve or worsen the performance of the engine in re 
sponse to the feedback for exhaust gases. For this rea 
son, the latter conditions can likewise be utilized to 
modify the effects of the switches 27 and 28. 
With the circuit shown in FIG. 4, so long as all of the 

switches 27, 28,96 and 97 are open, the voltage at the 
tap point 90 is mostly determined by the voltage divid 
ing resistances 91 and 92. These resistances can be se 
lected so that a voltage at the base of the transistor 81 
is sufficiently positive with respect to its emitter so that 
the transistor 81 is placed into its conductive state. 
However, when an emitter current flows through the 
transistor 81, a positive voltage develops across the 
common-emitter resistance 85, this voltage appearing 
across the resistance 85 appearing at the emitter of the 
transistor 82. Additionally, when the transistor 81 con 
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ducts, the collector voltage at the latter transistor is 
very nearly equal to the voltage appearing at the emit 
ter of the transistor 81. The collector voltage of the 
transistor 81 is transmitted to the base of the transistor 
82 by means of the voltage divider circuit which com 
prises the resistances 86 and 87. By proper selection of 
the resistances 85, 86 and 87, the emitter of the transis 
tor 82 can be made positive in relation to its base when 
the transistor 81 is in such conducting state. In this con 
dition, the transistor 82 will be in its non-conductive or 
cut-off state. The collector circuit of the transistor 82 
is connected to a PNP amplifying transistor 100 whose 
emitter is connected to the positive supply voltage lead 
44. When the transistor 82 is in its non-conducting 
state, the collector voltage of said transistor is substan 
tially equal to the voltage appearing at the positive sup 
ply voltage lead 44. For this reason, the base of the 
transistor 100 is substantially equal to the voltage at the 
emitter of said transistor, the transistor 100 thereby 
also being in its non-conducting or cut-off condition. 
The amplifying transistor 100 is connected to a driving 
transistor 101, the collector of the former being con 
nected to the base of the latter. The collector of the 
transistor 101 is provided with an auxiliary relay 102 
which operates a switch 102'. 
When any one of the switches 27, 28, 96 or 97 is 

closed, one of the respective diodes 47, 48,94 or 95 is 
connected to the negative supply voltage lead 42. This 
places the resistance 93 substantially in parallel with 
the resistance 91 of the voltage divider circuit. This 
modification of the voltage dividing circuit is so ar 
ranged that on this occurrence the voltage at the tap 
point 90 becomes substantially less positive. The paral 
lel resistance value of the resistances 91 and 93 are thus 
so selected that the current flowing through the resis 
tance 92 from the positive supply voltage lead 44 to the 
negative supply voltage lead 42 takes place through the 
resulting parallel resistance combination and thus very 
little base current is permitted to flow into the base of 
the transistor 81. At such condition, the transistor 81 
can no longer conduct current through its collector 
emitter path. When the transistor 81 becomes non 
conductive, the voltage at the emitters tends to become 
more negative while the collector of the transistor 81 
becomes more positive. Because of the positive feed 
back utilized, the voltage at the base of the transistor 
82 becomes positive with respect to the emitter so that 
the transistor 82 is switched into its conductive state. 
Such conduction tends to further block the current 
through the transistor 81 by reason of the positive volt 
age appearing across the common-emitter resistance 
85. Once conducting, the collector current flowing 
through the transistor 82 causes a voltage drop to de 
velop across the resistance 103. This voltage difference 
when applied to the emitter-base junction of the tran 
sistor 100, is selected to turn this transistor on. In re 
sponse to the transistor 100 turning on, the collector 
current flowing through the latter provides the base or 
biasing current to the driving transistor 101, turning the 
latter into its conducting state. The resulting current 
flow in the collector of the transistor 101 energizes the 
auxiliary relay 102 which closes the switch 102'. With 
the switch 102' closed, the electromagnetic device 37 
is provided with the full voltage appearing between the 
positive and negative voltage supply leads 44 and 42, 
respectively. As described above, the energization of 
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the electromagnetic device 37 can be utilized to influ 
ence the position of the cut-off valve 35. 

It may be desirable not to close the cut-off valve 35 
instantaneously with the closing of one of the switches 
27, 28, 96 or 97. As suggested above, motor vehicles 
are subjected to vibrations and shocks and it may there 
fore be desirable to discount the possible effects of 
such shocks and vibrations on the states of the sensing 
switches. In this manner, reliable operation of the cut 
off valve 35 is assured. In order to discount such spuri 
ous effects, a time-delay is provided in the circuit of 
FIG. 4 which delays the control of the Schmitt trigger 
comprising the transistors 81 and 82 after one of the 
sensing switches has been closed. According to the 
presently preferred embodiment, time delays of ap 
proximately between 0.1 and 5 seconds can be se 
lected. The time delay takes place in the following 
manner. When all of the sensing switches are open, the 
voltage appearing at the tappoing 90 causes the capac 
itors 83 to charge to a predetermined level. When one 
of the sensing switches closes, the voltage at the tap 
point 90, as described above, tends to become more 
negative. Although the voltage at the tap point 90 does 
become more negative almost instantaneously, the 
voltage at the base of the transistor 81 does not, be 
cause of the charge which has been stored on the ca 
pacitor 83. The value of the resistance 93 is selected to 
be much smaller than the value of the resistance 91, so 
that when one of the switches is closed the placing in 
parallel of the resistance 93 across the resistance 91 
practically short-circuits the latter. Under these condi 
tions the resistance 81 is, for all practical purposes, 
connected to the negative voltage supply lead 42. The 
time constant involved is that determined by the capac 
itor 83 and the resistance 84 which is used to conduct 
the stored charge in the capacitor 83 to the negative 
supply voltage lead 42. Thus, the time constant which 
may be desired can be adjusted by changing the values 
of the resistance 84 and/or the capacitor 83. 

It will be understood that each of the elements de 
scribed above, or two or more together, may also find 
a useful application in other types of applications dif 
fering from the types described above. 
While the invention has been illustrated and de 

scribed as embodied in an apparatus for regulating the 
recycling of partially combusted fuels, it is not intended 
to be limited to the various details shown, since various 
modifications and structural and circuit changes may 
be made without departing in any way from the spirit 
and concept of the present invention. 
Without further analysis, the foregoing will so fully 

reveal the gist of the present invention that others can 
by applying current knowledge readily adapt it for vari 
ous applications without omitting features that, from 
the standpoint of prior art, fairly constitute essential 
characteristics of the generic or specific aspects of this 
invention and, therefore, such adaptations should and 
are intended to be comprehended within the meaning 
and range of equivalence of the following claims. 
What is claimed as new and desired to be secured by 

Letters Patent is: 
1. In an internal combustion engine having inlet 

means and outlet means, an apparatus for regulating 
the recycling of partially combusted fuels from said 
outlet means to said inlet means; valve means provided 
in said feedback conduit means for regulating the pas 
sage of said partially combusted fuels through said 
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feedback conduit means; and activating means for con 
trolling said valve means as a function of a predeter 
mined operating condition of said internal combustion 
engine, wherein said valve means comprises a cut-off 
valve movable between first and second positions, said 
cut-off valve blocking the flow of partially combusted 
fuels in said first position and permitting the flow of the 
latter in said second position; and electromagnetic 
means for moving said cut-off valve from one of said 
positions to the other, wherein said inlet means com 
prises an intake manifold and a movably mounted con 
trol element in said intake manifold so constructed and 
mounted as to assume different predetermined posi 
tions in dependence upon at least said one operating 
condition of said engine, and further comprising switch 
means coupled to said control element for activation in 
dependence upon the position of said control element, 
said switch means being connected to said activating 
means, the latter being connected to said electromag 
netic means for influencing the position of said cut-off 
valve in response to predetermined positions of said 
control element, wherein said switch means comprises 
first and second switches, each switch having a pre-set 
condition which causes said activating means to influ 
ence said electromagnetic means to maintain said cut 
off valve in said first position, said pre-set conditions 
for each switch being attainable by movement of said 
control element to predetermined positions, said first 
switch only attaining said pre-set condition when said 
control element is in a position corresponding to idling 
of said engine, and said second switch only attaining 
said pre-set condition when said control element is in 
a position corresponding to full load and near full load 
operation of said engine, said activating means further 
comprising threshold means for detecting a preselected 
threshold level and having input means, wherein said 
threshold means comprises an electronic threshold cir 
cuit having at least one transistor for sensing said prese 
lected threshold level and said input means including a 
timing element for delaying the action of said one tran 
sistor for at least 0.1 seconds on the occurrence of said 
level. 

2. In an internal combustion engine provided with at 
least one engine cylinder, an air inlet means leading 
into said engine cylinder, exhaust-gas outlet means 
leading out of said cylinder for carrying away exhaust 
gas, fuel-injection means for injecting predetermined 
quantities of fuel into said engine cylinder, and a throt 
tle valve in said air inlet means for controlling the flow 
of air through said air inlet means, in combination 
therewith, feedback conduit means having one end 
communicating with said exhaust-gas outlet means and 
having another end communicating with said air inlet 
means at a location of said air inlet means upstream of 
the location of said throttle valve; valve means pro 
vided in said feedback conduit means for regulating the 
passage of said partially combusted fuels through said 
feedback conduit means; and activating means for con 
trolling said valve means as a function of a predeter 
mined operating condition of said internal combustion 
engine. 

3. In an internal combustion engine as define in claim 
2, wherein said valve means comprises a cut-off valve 
movable between first and econd positions, said cut-off 
valve blocking the flow of partially combusted fuels in 
said first position and permitting the flow of the latter 
in said second position; and electromagnetic means for 



3,807,376 
moving said cut-off valve from one of said positions to 
the other. 

4. In an internal combustion engine as defined in 
claim 3, wherein said inlet means comprises an intake 
manifold and movably mounted control means in said 
intake manifold so constructed and mounted as to as 
sume different predetermined positions in dependence 
upon at least said one operating condition of said en 
gine, and further comprising switch means coupled to 
said control means for activation in dependence upon 
the position of said control element, said switch means 
being connected to said activating means, the latter 
being connected to said electromagnetic means for in 
fluencing the position of said cutoff valve in response 
to predetermined positions of said control means. 

5. In an internal combustion engine as defined in 
claim 4, wherein said switch means comprises first and 
second switches, each switch having a pre-set condition 
which causes said activating means to influence said 
electromagnetic means to maintain said cutoff valve in 
said first position, said pre-set conditions for each 
switch being attainable by the movement of said con 
trol means to predetermined positions, said first switch 
only attaining said pre-set condition when said control 
means is in a position corresponding to idling of said 
engine, and said second switch only attaining said pre 
set condition when said control means is in a position 
corresponding to full load and near full load operation 
of said engine. 

6. In an internal combustion engine as defined in 
claim 5, wherein said control means comprises said 
throttle valve, said switches being coupled to said throt 
tle valve. 

7. In an internal combustion engine as defined in 
claim 5, said control means comprising a movable air 
flow sensing baffle plate provided in said intake mani 
fold, said switches being controllable by the movement 
of said baffle plate. 

8. In an internal combustion engine as defined in 
claim 7, wherein said movable airflow-sensing baffle 
plate comprises a pivotable flap member. 

9. In an internal combustion engine as defined in 
claim 5, wherein said electromagnetic means comprises 
an electromagnetic device having an excitation wind 
ing, said activating means comprising a transistor, said 
switching means being arranged in the base circuit of 
said transistor, said excitating winding being connected 
in series with the emitter-collector path of said transis 
tor, said excitation winding winding serving to influ 
ence the position of said cutoff valve. 

10. In an internal combution engine as defined in 
claim 9, wherein each switch has first and second 
contacts, said first contact being connected to the emit 
ter of said transistor, said activating means further 
comprising voltage divider means operable under the 
same supply voltage as the series emitter-collector cir 
cuits, said divider means having at least one tap point, 
the base of said transistor being connected to said tap 
point, said second contacts being also connected to 
said divider means. 

11. In an internal combustion engine as defined in 
claim 10, wherein said activating means further com 
prises two diodes connecting said second contacts to 
said divider means. 

12. In an internal combustion engine as defined in 
claim 11, wherein said divider means comprises at least 
two series resistances. 
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13. In an internal combustion engine as defined in 

claim 12, wherein said divider means comprises three 
resistances and a diode connected in series, said divider 
means having two tappoints, said base of said transistor 
being connected to one tap point and said second 
contacts being connected to the other tap point. 

14. In an internal combustion engine as defined in 
claim 9, wherein said activating means has a supply 
lead, a limiting resistor being connected between the 
emitter and said lead, and two series connected diodes 
connected between the base and said lead to thereby 
form a parallel conduction path to the base-emitter 
path of said transistor, said two diodes being arranged 
to conduct currents in the same direction as can flow 
in the base-emitter path of said transistor. 

15. In an internal combustion engine as defined in 
claim 7, said throttle valve being located downstream 
of said control means. 

16. In an internal combustion engine as defined in 
claim 4, wherein said control means comprises a mov 
able airflow-sensing baffle plate located in said intake 
manifold. 

17. In an internal combustion engine as defined in 
claim 15, wherein said baffle plate and said control 
means are arranged in spaced relationship in said in 
take manifold, said feedback conduit means joining the 
latter between said baffle plate and said control means. 

18. In an internal combustion engine as defined in 
claim 15, wherein said feedback conduit means joins 
said intake manifold upstream of said baffle plate in the 
direction of air intake through said intake manifold. 

19. In an internal combustion engine as defined in 
claim 4, further comprising potentiometer means hav 
ing a movable tap contact arranged to produce variable 
voltage levels said control means being connected to 
said tap contact for sharing movement therewith; and 
treshold means connected to said tap contact for re 
sponding to at least one predetermined level of said 
variable voltage. 
20. In an internal combustion engine as defined in 

claim 5, said activating means further comprising 
threshold means for detecting a preselected threshold 
level and having input means, said first and second 
switches being connected to said input means. 
21. In an internal combustion engine as defined in 

claim 1, said threshold circuit comprising two transis 
tors, positive feedback coupling being used to connect 
said transistors. 

22. In an internal combustion engine as defined in 
claim 21, wherein the emitters of said two transistors 
are connected to one another, said threshold circuit 
further comprising an emitter resistance connecting 
said connected emitters with a voltage supply lead of 
said circuit. 
23. In an internal combustion engine as defined in 

claim 22, said threshold circuit further comprising base 
resistances connecting each of the bases of said two 
transistors with said supply lead. 
24. In an internal combustion engine as defined in 

claim 22, said threshold circuit further comprising a di 
rect feedback coupling component connecting the col 
lector of said one transistor and the base of the other 
transsistor. 
25. In an internal combustion engine as defined in 

claim 24, wherein said component is a resistance. 
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26. In an internal combustion engine as defined in 
claim 24, said threshold circuit further comprising a di 
vider circuit connected between the voltage supply 
leads and having a tap point, the base of said one tran 
sistor being connected to said tap point, and diodes 
connecting said first and second switches to said tap 
point. 
27. In an internal combustion engine as defined in 

claim 26, said threshold circuitfurther comprising tem 
perature sensitive switch means sensitive to the operat 
ing temperature of said engine; and a diode connecting 
said temperature sensitive switch to said tap point. 
28. In an internal combustion engine as defined in 

claim 26, said threshold circuit further comprising sen 
sitive switch means; and a diode connecting said sensi 
tive switch means to said tap point. 
29. In an internal combustion engine as defined in 

claim 28, wherein said sensitive switch means is sensi 
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tive to the speed of said combustion engine. 
30. In an internal combustion engine as defined in 

claim 28, wherein said sensitive switch means is sensi 
tive to the speed of the vehicle powered by said com 
bustion engine. 
31. In an internal combustion engine as defined in 

claim 28, wherein said sensitive switch means is sensi 
tive to the operating conditions of the transmission of 
the vehicle powered by said combustion engine. 
32. In an internal combustion engine as defined in 

claim 1, wherein said timing element comprises at least 
a capacitor connected in parallel with the emitter-base 
path of said one transistor. 
33. In an internal combustion engine as defined in 

claim 32, wherein said switches are connected to the 
base of said one transistor. 
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