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57) ABSTRACT 
An injector injects fuel in each operating cycle, the 
quantity varying in dependence upon fuel control 
signal. A desired speed signal is furnished by circuitry 
associated with the gas pedal. An actual speed signal is 
also furnished. High gain direct amplifier means hav 
ing an input circuit and a feedback circuit are adapted 
to furnish the fuel control signal as a function of both 
the desired speed signal and the actual speed signal. 
Various configurations of input circuits and feedback 
circuits, as well as amplifier output circuits, are illus 
trated for shaping the characteristic fuel-speed lines 
which determine motor operation. 

50 Claims, 16 Drawing Figures 

  



PATENTEDJAN 2 1973 3.707,95O 
SHEET 1 OF 7 

/W/AWVOA . 
Awo/o/SCA////7/7A 

As a 7/ORMAY 

  





PATENTEDJAN 2 1973 3.707,950 

SHEET 3 OF 7 

By 

A/S AN/OAA/AY 

  



PATENTEDJAN 2 1973 3.7 O7,95O 
SHEET OF 7 

FIG. 6 

1. 

A/S, A/VOAWAY 

  



PATENTEDJAN 2 1973 3.7 O7,95O 

SHETS OF 7 

As by 
his AfroRVEY 

  



PATENTEDJAN 2 1973 3.7 O7,950 
SHEET 6 OF 7 

tly mo F/G, 12 

/wVew/OR 
Away/o/ SCAL//1f1A 

By 

his ATTOR wey 

  





3,707,950 
1. 

ELECTRONIC CONTROL SYSTEM FOR 
NTERNAL COMBUSTION ENGINES 

BACKGROUND OF THE INVENTION 

This invention relates to control systems for internal 
combustion engines. It is particularly applicable to 
Diesel motors. 
Two types of control systems are known for con 

trolling the operation of Diesel motors. The first type of 
regulating or control system may be used to effect any 
desired motor speed between the minimum no-load 
speed and the maximum permissible speed of the mo 
tor. The control system then tends to keep this speed 
constant, independent of the motor load. 
The second type of regulator which is known is a 

type of regulator which operates upon the extreme 
values of speed only. That is, it has the function to 
maintain the lowest permissible no-load speed of the 
motor and to limit the speed if the speed tends to ex 
ceed a predetermined maximum value. It does not 
operate at all in the region between the two extremes of 
speed. 

Both hydraulic and mechanical types of regulators 
are known to accomplish the above functions. For 
these, the regulator is generally directly connected to 
the means which vary the quantity of fuel. They 
generally do not develop enough control power for 
low-engine speeds. Other conventional regulators use 
auxiliary power sources, but are very complicated and 
require a great deal of equipment. 

SUMMARY OF THE INVENTION 

It is thus the object of this invention to furnish a con 
trol system for an internal combustion engine, which 
will not have the above-mentioned drawbacks. 

This invention comprises a control system for inter 
nal combustion engines which comprises at least one 
injector means for injecting fuel in dependence upon a 
fuel control signal. Means are provided for furnishing a 
desired speed signal corresponding to the desired en 
gine speed. Means are also provided for furnishing an 
actual speed signal corresponding to the actual engine 
speed. Finally, high gain direct current amplifier means 
having an input circuit and a feedback circuit are pro 
vided. The output of these high gain direct current am 
plifier means is adapted to furnish the fuel control 
signal in response to the desired and actual speed 
signals. 
Changes in the input circuit and the feedback circuit 

allow the matching of a wide variety of fuel-speed 
motor characteristic lines. 
The type of control system has the advantage that it 

is very flexible in being adapted to various motor con 
stants and operating conditions. The possibility exists 
that all control systems for all types of motors may be 
constructed using the same basic elements, or standard 
building blocks. Furthermore, this type of control 
system offers a great reliability even under the rough 
operating conditions in a commercial vehicle. For ex 
ample, the temperature range in which the control 
system must function correctly lies between at least 
-20°C. and +80°C. A further advantage is of course the 
ease of reproducibility of the parameters correspond 
ing to the characteristic lines. Also, as stated above, the 
control systems may be easily modified to accom 
modate any desired motor type. If appropriate non 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
linear feedback elements are used, even characteristic 
lines having breaks in the characteristics may be 
duplicated. 
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 objects and advantages 
thereof, will be best understood from the following 
description of specific embodiments when read in con 
nection with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 shows the fuel-injected speed characteristic 

lines of a motor; 
FIG. 2 shows the input-output characteristic lines of 

a differential amplifier, as well as a block diagram of 
such an amplifier; 

FIG. 3 is the circuit diagram of a simple control 
system adapted to regulate speed over the whole range; 

FIG. 4 are the characteristics lines applicable to an 
internal combustion engine operating with a control 
system shown in FIG. 3, wherein the slope of the speed 
control lines are constant; 

FIG. 5 shows characteristic lines wherein the slope of 
the speed control lines varies; 

FIG. 6 shows the input circuit of a control system 
using an active element for furnishing the desired speed 
signal; 

FIG. 7 is the circuit diagram of a control system for 
generating speed control lines having a break; 

FIG. 8 shows the characteristic lines of a motor using 
the control system of FIG. 7; 

FIG. 9 shows a control system for controlling ex 
treme speed values only, and using two D.C. amplifiers; 

FIG. 10 shows the speed-fuel characteristic lines cor 
responding to the control system of FIG. 9; 

FIG. 11 shows a control system for regulating ex 
treme speed values only, and using a single D.C. ampli 
fier; 

FIG. 12 shows the characteristic lines associated with 
the circuit of FIG. 11; 

FIG. 13 is a circuit diagram for control system com 
bining the two types of regulation; 

FIG. 14 is a characteristic diagram associated with 
the circuit of FIG. 13; 

FIG. 15 is a circuit diagram showing the regulator of 
the first type having a break in the speed control 
characteristic lines; said lines also having a variable 
slope; and - 

FIG.16 shows the characteristic lines associated with 
the circuit of FIG. 15. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present invention 
will now be described with reference to the Figures. 

FIG. 1 shows the motor characteristics. Plotted along 
the ordinate, is the quantity of fuel in cubic centimeters 
per stroke, while the abscissa is in units of rotational 
speed, that is, revolutions per minute. For facilitating 
the understanding of the disclosure, the line labelled 20 
in FIG. 1 will be referred to as the full-load limiting 
line, line 21 will be referred to as the full-load matching 
line, while line 22 will be referred to as the maximum 
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speed limiting line. Further, line 23 will be referred to 
as the minimum-speed limiting line. Within the region 
defined by the minimum-speed limiting line and the 
maximum-speed limiting line, the speed control lines 
may be varied continuously, lines 22 and 23 represent 
ing the extreme positions of the speed control lines. 
As an example for the quiesent condition of the con 

trol system, the intersection P of a load-line 25 with a 
speed control line which has been adjusted to approxi 
mately the center of the region is given. Line 25 of 
course corresponds to the amount of fuel necessary to 
effect a given desired speed under a determined, con 
stant load. 

FIG. 2 shows a block diagram of a differential ampli 
fier, in this case a high gain direct current amplifier, as 
well as the characteristics of such an amplifier. In par 
ticular, the output voltage U4 is plotted as a function of 
input voltage applied at a first amplifier input terminal, 
namely the voltage Ue. The parameter of the charac 
teristics is, of course, the voltage applied at the second 
amplifier input terminal, namely U2. With the aid of 
such an amplifier, it is theoretically possible to generate 
any desired motor characteristic. 

FIG. 3 is a circuit diagram of a simple regulator of 
the first type, namely, a regulator designed to operate 
over the whole range of the control line. The direct cur 
rent amplifier is labelled 26 and has a first amplifier 
input terminal 27, a second amplifier input terminal 28, 
and an amplifier output terminal 29. A constant voltage 
Ue is applied at input 28. A feedback resistor 30 is 
connected between the output terminal 29 and the 
input terminal 27. If necessary, as protection against 
overdriving amplifier 26, a Zener diode 32 in series 
with a diode 31, may be connected in parallel to re 
sistor 30. Further connected to input 27 is a resistor 33, 
herein referred to as a fourth resistor, whose function it 
is to fix the position of line 21. The input terminal of 
the regulating system, terminal 34, is connected to 
input terminal 27 of the amplifier by means of a resistor 
35, herein referred to as a first resistor. Input terminal 
34 has applied to it a voltage Un, which represents the 
actual speed signal, and is a voltage proportional to the 
actual speed of the engine. Also, connected to input 
terminal 34 is a series circuit comprising resistors 
36,37, and 38. Resistors 36 and 38 are herein referred 
to as a first and second fixed resistance, while resistor 
37 is referred to as a variable resistor. This variable re 
sistor is the means for furnishing a desired speed signal 
and is connected to the gas pedal, for example. The 
other end of the above-mentioned series circuit is con 
nected to the D.C. voltage source, U. The common 
terminal of resistors 36 and 37 are connected to the 
anode of the diode 39, herein referred to as a first 
diode. The diode has a cathode connected with the first 
amplifier input terminal 27, while the anode is con 
nected to the common point of resistors 36 and 37. If 
necessary, a resistor 40 may be furnished between the 
cathode of diode 39 and terminal 27. This resistor is 
herein referred to as the fifth resistor. With the output 
amplifier terminal 29, is connected the cathode of the 
diode 41. Two resistors 42 and 43 are connected to the 
anode of this diode. Resistors 42 and 43 are herein 
referred to as first voltage divider means. Their com 
mon terminal is referred to as the first voltage divider 
terminal. Throughout this application, whenever volt 
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4. 
age divider means are mentioned, the “voltage divider 
terminal' will refer to a common terminal of two ele 
ments constituting such a voltage divider. Specifically, 
resistor 42 is connected to the D.C. voltage source, 
while resistor 43 has its free terminal connected to 
ground. The voltage U. generated across resistor 43 
constitutes the fuel control signal and serves to effect a 
proportional movement of the member determining the 
amount of fuel to be injected during each operating cy 
cle. 

The characteristic lines of the above-control system 
as shown in FIG. 4 will be noted that all speed control 
lines exhibit the same slope. Below a voltage U which 
depends upon the value of resistor 37, diode 39 is 
blocked causing the amplification to have the value 

V = -R30/R35. 
This determines the slope of the full-load matching line 
21. As long as the output voltage UA is larger than the 
voltage across resistor 43, namely voltage U, diode 41 
is blocked and V = 0. This corresponds to the horizon 
tal portion of the full-load limiting line. Alternatively, 
the terminal of feedback resistor 30 which is not con 
nected to the amplifier input terminal, may be con 
nected to the anode of diode 41. This yields the ad 
vantage that the voltage appearing across diode 41 af 
fects the input voltage U only as multiplied with the 
factor V /V. However, in this case, when the diode 41 
is blocked, the feedback has been eliminated in this cir 
cuit. Therefore, another feedback network must be 
furnished in order to prevent the amplifier from 
becoming overdriven. This network may, for example, 
comprise a Zener diode 32 and a diode 31. 

If the voltage U increases sufficiently to cause the 
diode 39 to become conductive, then the amplification 
becomes 

In order that a conductive diode 39 does not cause volt 
age division of Un , that is, in order to achieve a con 
stant slope for the speed control lines, by making V 
independent of Ra, the impedance of the first voltage 
divider means, looking back from the anode of the 
diode, that is, R 36 H R37 + R38 should be made large 
compared to the forward resistance of diode 39. 
The values of R37 and R38 determine the region or 

distance between the minimum-speed limiting line, 
such as line 23 in FIG. 1, and the speed control line. 
The actual position of line 21 may be determined by 

a combination of resistor 33 in conjunction with the 
voltage Uta applied to the second amplifier input ter 
minal. This can be accomplished without changing the 
slope of the line. Of course instead of the passive ele 
ment for furnishing the desired speed signal, an active 
element such as a current source with a constant series 
resistor may be supplied. 

It is usually desirable when regulating Diesel motors, 
that the slope of line 23 is smaller than the slope of line 
2 (VR < Vra). For this purpose, a resistor 40, herein 
referred to as a fifth resistor, is inserted between the 
cathode of diode 39 and amplifier input terminal 27. 
When this resistor is used in conjunction with the varia 
ble resistor 37, it can be accomplished that the amplifi 
cation between the line 23 and line 22 varies continu 
ously. In order to satisfy the requirements for a 
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predetermined region and simultaneously the require 
ments for the different slopes of the speed control lines 
at the limiting ends, the resistor 38 may be connected 
to a corresponding auxiliary voltage supply U. In this 
case, the voltage divider comprising resistor R36/R 37 
+ R38 is no longer rigidly connected to the potential 
existing at the first amplifier input terminal 27 and thus 
acts as a voltage divider for the input voltage U, within 
this operating region. A shifting of the speed control 
lines towards the right, resistor R 37 is increased and 
the division of voltage Un simultaneously decreased. 
Thus the amplification increases as the speed control 
line is moved towards the right. 

FIG. 6 shows the input circuit of a control system 
wherein an active element is used to furnish the desired 
speed signal. This active element is labelled 44. The 
terminal of resistors 45,46 and 47 is connected to the 
common terminal of resistors 36 and 38. The other end 
of these resistors are respectively connected to the 
cathodes of diodes 48.49 and 50. The anode of diode 
48 is connected to the common point of resistors 51 
and 52, the anode of diode 49 to the common point of 
resistors 52 and 53, while the anode of diode 50 is con 
nected to the common point of resistors 53 and 54. The 
other terminal of resistor 54 is connected to ground, 
while the free terminal of resistor 51 is connected to 
the input terminal 34. Resistors 51 through 54 form 
second voltage divider means. This input circuit makes 
known of the well-known method to generate the effect 
of a voltage-dependent resistance by means of a plurali 
ty of diodes each having a different pre-bias. Under the 
conditions corresponding to line 23, diodes 48,49 and 
50 are blocked, and diode 39 is conductive. The value 
U signifying the desired speed signal has its maximum 
value. The amplification then is 

The smaller values of U, the transition to the conduct 
ing condition of diode 39 takes place for larger values 
of U. The transition into the control line is therefore 
moved towards the right. For increasing values of U, 
the diodes 48,49 and 50 each gets switched to the con 
ductive condition independence upon the particular 
values chosen for resistors 51,52,53 and 54. Thus the 
effective input impedance or resistance is decreased, 
that is, simultaneously with the movement to the right, 
the slope of the control line becomes steeper. The 
distance between breaks in the control line depends, of 
course, upon the number of parallel diode-resistance 
circuits furnished in the non-linear input circuit. Thus, 
in order to provide a finer control of the slopes, further 
diode must be added to the diodes 48, 49 and 50, as 
well as corresponding resistors and corresponding addi 
tional parts to the second voltage divider means. 
Another example of a control regulating system is 

shown in FIG. 7. The corresponding characteristic lines 
are shown in FIG. 8. The minimum-speed limiting lines 
here as a break as is sometimes desirable for reasons of 
dynamic stability of the control system. This break in 
the characteristic, as shown in FIG. 8, can be con 
structed by varying the amplification in dependence on 
the output voltage. For this purpose, the third divider 
means comprising resistors 56 and 57 are connected to 
the anode of diode 41. One end of resistor 57 is con 
nected to the D.C. voltage supply source, the free end 
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6 
of resistor 56 is connected to the anode of diode 41. 
The free end of resistor 57 might alternatively be con 
nected to ground. At the third voltage divider terminal, 
namely the common point of resistors 57 and 56 is con 
nected the cathode of diode 58, herein referred to as 
the third diode, whose anode is in turn connected to the 
amplifier input terminal 27. Also connected to the third 
voltage divider terminal is one end of a resistor 59 
whose other end is connected to the input terminal 34. 
The following may be achieved with aid of resistors 
56,57 and diode 58: When the potential at the third 
voltage divider terminal, namely the common point of 
resistors 56 and 57, decreases below the potential exist 
ing at the first input terminal 27 of amplifier 26, then 
the resistance 56 is inserted in parallel to the feedback 
resistor 30 via diode 58. The amplification then is 

R30 R56 
VR4 = Total input resistance 

The location of the break point can be fixed by means 
of resistor 57. By way of the resistance 59, the break in 
the control line is moved towards the bottom of the 
graph with increasing speed, finally to vanish complete 
ly. The changes in slope take place as described in the 
previous embodiment. Means for preventing amplifier 
overdrive are also provided. It comprises resistors 60 
and 61 connected in series from the amplifier output 
terminal 29 to ground. A diode 62 has an anode con 
nected to the common point of resistors 60 and 61 and 
a cathode connected to the first amplifier input ter 
minal. Of course instead of this arrangement, the Zener 
diode arrangement shown in FIG.3 may also be used. 
Under certain circumstances, it may be necessary to 

effect a positive slope for the full-load limiting line. 
This may for example be required for optimal matching 
of the control system to a pump-motor characteristic. 
The amplification required in this case generally lies in 
the region 0 < V < 1 and may therefore be readily 
achieved by direct coupling of the output voltage di 
vider with the voltage U via an additional resistance 
160. When diode 41 is blocked, the resistor 60 exerts 
no influence onto the output voltage U, because of the 
low output impedance of the feedback amplifier 26. 

In FIG.9, there shows an embodiment of the second 
type of regulator, namely the regulator which serves 
only to maintain a minimum no-load speed and to limit 
the maximum permissible motor speed. The charac 
teristic corresponding lines are shown in FIG. 10. Lines 
63 indicate output voltages U, which are proportional 
to the amount of fuel to be injected per stroke. If the 
operating point lies within the region of the charac 
teristics, the amplification is zero, the control circuit is 
broken, and the amount of fuel to be injected may be 
fixed arbitrarily. The regulating system of FIG. 9 shows 
two amplifiers 64 and 65, each having a first and 
second amplifier input terminal, namely 66,67 and 68, 
69. The voltage U is supplied to the respective first 
amplifier input terminal 66 and 68 via input resistor 70 
and 71, respectively. Terminal 66 further has a re 
sistance 72, the eighth resistor, connected to the D.C. 
voltage source and a feedback resistor 73 connected 
with the output of the amplifier 64. The second amplifi 
er input terminal 67 as well as the the second amplifier 
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input terminal 69 of the amplifier 64 and 65, respec 
tively, is supplied with a constant voltage U2. A re 
sistance 74 is connected between ground and terminal 
68. This resistor is referred to as the ninth resistor 
herein. A feedback resistor 75 is connected from the 
amplifier output terminal of amplifier 65 to terminal 
68. The output of D.C. amplifier 64 is connected to the 
anode of diode 76 whose cathode is connected to the 
fourth voltage divider terminal, namely the common 
terminal of resistors 85 and 86 which constitute fourth 
voltage divider means. The free terminals of resistors 
85 and 86, respectively, are connected to the D.C. volt 
age source and ground. Resistance 86 here serves as a 
means for furnishing the desired speed signal, and the 
voltage across it serves to determine the quantity of 
fuel injected per cycle. It is a variable resistance. The 
output of amplifier 64 is connected to the fourth volt 
age divider terminal by means of a diode 76 whose 
anode is connected to the output of amplifier 64. The 
output of amplifier 64 is further connected to ground 
by way of the series combination of resistors 78 and 79 
at whose common point is connected the cathode of a 
diode 80, whose anode is connected to the amplifier 
input 66 of amplifier 64. Correspondingly, the output 
of amplifier 65 is connected to the fourth voltage di 
vider terminal through a diode 81 whose anode is con 
nected to said fourth voltage divider terminal. The out 
put of amplifier 65 is also connected to ground via se 
ries-connected resistors 82 and 83, at whose common 
point is connected the anode of a diode 84. The 
cathode of diode 84 is connected to the first input 68 of 
amplifier 65. 
The operation of this arrangement is as follows. Am 

plifier 64 serves to generate both parts of the minimum 
speed limiting line. The location of the break in the line 
is determined by the values of resistors 78 and 79. The 
steeper part has an amplification equal to WR = 
R731R while the flatter portion has an amplification 
equal to : 

The line may be moved in the horizontal direction by 
means of resistance 72. This serves to fix the minimum 
speed characteristic. Similarly the full-load matching 
line, as well as the maximum-speed limiting line are 
generated in the same fashion by means of amplifier 65. 
As in the operating region both by diodes 76 and 81 are 
blocked, and the output voltage U can be arbitrarily 
fixed by means of resistance 86 or an equivalent active 
element for generating a desired speed signal. The ef 
fective impedance of the voltage divider is to be so 
chosen that it is always large with respect to the output 
impedances of amplifiers 64 and 65. 
A further embodiment of the second type of control 

system which operates only at the end characteristics is 
shown in FIG. 11. The corresponding characteristic 
lines are shown in FIG. 12. Here all lines are generated 
by means of a single direct current amplifier. Only the 
amplification of the amplifier is changed. Amplifier 87 
has a first amplifier input 88 and a second amplifier 
input 89. A constant voltage Uta is supplied to the 
second amplifier input, while the first amplifier input 
terminal is connected with the cathodes of two diodes 
90 and 91. The anode of diode 90 is connected to feed 
back resistance 92, while the anode of diode 91 is con 
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8 
nected to a feedback resistance 93. These are referred 
to second and third feedback resistance, respectively. 
The free end of both the first and the second feedback 
resistance are connected to the anode of the diode 94 
whose cathode is connected to the amplifier output ter 
minal. The anode of diode 94 also constitutes the out 
put terminal of the control system and the fuel control 
signal is derived between this terminal, terminal 95, 
and ground. The actual speed, namely voltage. U, is 
connected via resistors 96 and 97 to the anodes of 
diodes 90 and 91, respectively. Furthermore, a re 
sistance 98, the 12th resistor, is connected to the anode 
of diode 90. The other terminal of resistor 98 is con 
nect to the D.C. voltage source. Further connected to 
the anode of diode 90 is the cathode of a diode 99 
whose anode lies at the fixed voltage divider terminal, 
namely the common point of resistor 100 and 101. The 
free terminal of resistor 100 is also connected to the 
D.C. voltage source, while the free terminal of resistor 
101 is connected to the anode of diode 94. Further 
connected to the amplifier output terminal is a voltage 
divider comprising a fixed resistance 103 in series with 
the variable resistance 104 whose free terminal is con 
nected to the D.C. voltage source. Variable resistance 
104 serves as the means for supplying the desired speed 
signal. At the common point of resistors 104 and 103 is 
connected a decoupling means, or an impedance 
changing network 105, which in turn is connected to 
the cathode of a diode 106 whose anode is connected 
to the anode of diode 91. Diode 106 is herein referred 
to as the tenth diode. A resistance 107 may be con 
nected between the anode of diode 106 and the anode 
of diode 91 as indicated by the dashed lines. Output 
terminal 95 is connected to resistance 108 whose other 
terminal is connected to ground. 

Operation of this system is as follows: 
At the no-load region, diode 91 is conductive, while 

diode 90 disconnects the upper portion of the feedback 
network in FIG.11 from the input terminal 88 of ampli 
fier 87. The amplification of the minimum-speed limit 
ing line VR is equal to . 

Resistance 102 allows horizontal movement of the con 
trol line. With decreasing output voltage U, diode 106 
becomes conductive at a point determined by re 
sistance 104 (connected to the gas pedal). This causes, 
R, the output impedance of the impedance changer 
105, which is very small compared to resistor 97 (for 
example an emitter-follower stage) to be inserted 
parallel to the resistance 93. The amplification then is 

IV, i = R93 Ra/R97 << 1. 
This results in the horizontal portion of the control 
lines. In some cases, it may be desirable to have a slight 
slope for the lines, such as V in FIG. 12. This would 
be indicated by a line V' shown in dashed lines in 
FIG. 12. The amplification V<0 required for this con 
dition is achieved by, insertion of resistor 107 shown in 
dashed lines in FIG. 11. 
As the maximum speed is approached, diode 90 

becomes conductive. The output voltage becomes 
more negative along the line labelled Via in FIG. 12 
and blocks diode 91 via resistance 103, unit 105, diode 
106, and possibly resistance 107. Amplification 
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The position along the abcissa of the maximum 
speed limiting line is determined by resistance 98 in 
conjunction with resistance 96. Resistance 96 is 
referred to as the tenth resistor, while resistance 98 is 
referred to as the twelth resistor. If the output voltage 
U set by resistance 104 is greater than U, then the 
transition from the characteristic of V takes place 
first via a characteristic V (full-load matching). For 
the transition to Vra, diode 99 is conductive and the 
amplification is 

V = - R92 || R101/R96. 
The position of the VR line is relative to the abcissa 
determined by resistance 100. The maximum output 
voltage Un is determined by the fifth voltage divider 
means comprising resistances 100, 101 and 108. The 
internal impedance of this voltage divider means must 
be smaller compared to resistance 92 and resistance 
93. 

FIG. 13 is an embodiment of a control system com 
bining the two types of regulation. FIG. 14 shows the 
associated characteristic lines. In contrast to the types 
of regulators operating only in the extreme ranges of 
the region, the control lines are moved in the inter 
mediate region also. The break in the characteristics 
occurs at a constant speed U. In order to achieve this 
type of characteristic, the control system is constructed 
as follows: 
A direct current amplifier 26 has a first amplifier 

input terminal 27 and a second amplifier input terminal 
28. The cathodes of diodes 90 and 91 are both con 
nected to terminal 27, while the anode of diode 90 is 
connected to a feedback resistance 92, and the anode 
of diode 91 is connected to the feedback resistance 93. 
The other terminals of the two feedback resistances are 
connected to the anode of diode 94, which also con 
stitutes the output terminal 95 of the whole system. The 
cathode of diode 94 is connected to the amplifier out 
put terminal 29. A constant voltage U2 is supplied via 
a diode 120 to the second amplifier input 28. A re 
sistance 119 is also connected to the anode of resistor 
90, and has a second terminal connected to the D.C. 
voltage source. A resistor 115 interconnects the D.C. 
voltage source and the anode of diode 94. Further con 
nected to the anode of diode 90 is a resistance 96, 
whose other terminal is connected to the input terminal 
34 to which is applied the actual speed signal, namely 
voltage U. Further connected to the anode of diode 94 
is a resistance 116, whose other terminal is connected 
to ground. Resistors 115 and 116 constitute seventh 
voltage divider means. The circuit comprising resistor 
1 10, transistor 109, resistors 111,113,114 and diode 
112 comprises means for effectively decreasing the re 
sistance of the eleventh resistor for speeds exceeding 
the first predetermined speed. The first predetermined 
speed is U. The circuit is constructed as follows: 

Resistor 110 has one terminal connected to inputter 
minal 34, and a second terminal connected to the 
emitter of transistor 109. The collector of transistor 
109 is connected into the anode of diode 91. Transistor 
109 has a base to which are connected the anode of 
diode 112 and one terminal of resistor 11. The other 
terminal of resistor 111 is connected to the D.C. volt 
age supply source, as is one terminal of resistor 113. 
The other terminal of resistor 113 is connected to the 
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10 
cathode of diode 112 and also to one terminal of re 
sistor 114, whose other terminal is connected to 
ground. The circuit of FIG. 13 further comprises a re 
sistance 117 connected between the D.C. voltage 
source and ground, and having a wiper arm connected 
to resistance 118 whose other terminal is connected to 
the anode of diode 91. The circuit operates as follows: 

In the no-load region, diode 90 is blocked and the 
upper part of the feedback network is decoupled from 
the amplifier. For U.<U, transistor 109 is conductive 
and the amplification is given by the value 

V = -R931 R97 || R110. 
The break point, determined by U is determined by 
the values of resistors 113 and 14. When transistor 
09 blocks at a voltage U, approximately equal to U, 

the resistance 97 determines the slope of the control 
line (V). Displacement of the line takes place as a 
function of the variable current furnished by the gas 
pedal via the resistance 118. (Resistance 118 may also 
be connected to an active element for generating a 
desired speed signal). At a voltage U2, determined by 
resistance 119, diode 90 becomes conductive. The 
maximum-speed limiting line takes place. Because of 
the increasingly negative potential U, diode 91 
becomes blocked and the lower part of the feedback 
network is removed from the amplifier. 
The slope of the maximum-speed limiting line is 

given by . 

V = -R92/R96. 
Variations with temperature of the break-down volt 

age of diode 90 and 91 may be compensated for by a 
diode 120 connected to the second amplifier input. 
The value of resistances 92 and 93 is chosen to be 

sufficiently large that for a blocked diode 112 the 
direct influence of U onto the output voltage divider 
may be neglected. 

FIG. 15 shows an embodiment and FIG. 16 the as 
sociated characteristic lines of a control system of the 
first type wherein the break in the control line charac 
teristic does not take place at a constant speed. The 
point at which the break occurs is referred here as the 
changeover speed. One might say that in this case, as 
the control lines are moved in the direction of the ab 
cissa, the break point is moved in the direction of the 
ordinate. Thus, the break point moves along a substan 
tially straight line having a determined angle with the 
abcissa. The relatively flatter portion of the control line 
associated with the no-load region, namely the portion 
labelled VR tends to vanish as the line is displaced 
towards the maximum-speed control line, while the 
relatively steeper portion corresponding to an amplifi 
cation V becomes more and more effective. The cir 
cuit is constructed as follows: 
Connected to the first amplifier input terminal 27 of 

direct current amplifier 26, are resistances 
121,122,124 and 125, the anode of a Zener diode 123, 
and the collector of an inpn transistor 126 which con 
stitutes switching means. Resistance 121 (input re 
sistor) has its second terminal connected with the input 
terminal 34. The voltage corresponding to the desired 
speed value is applied at the speed terminal 138 to 
which is connected the second end of resistor 124 
which, with resistance 125, forms eighth voltage di 
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vider means. The free end of resistor 125 is connected 
to the D.C. voltage source, while resistance 122 is con 
nected to the output voltage divider comprising re 
sistances 127 and 128. Further connected to the output 
voltage divider terminal, which also constitutes the out 
put terminal 95 of the whole system and is the common 
point of resistors 127 and 128, is the anode of a diode 
94 (eight diode), whose cathode is connected to the 
amplifier output terminal 29. The cathode of Zener 
diode 123 is connected to the cathode of a diode 129 
whose anode is directly connected to the amplifier out 
put terminal. 29. The base of transistor 126 is con 
nected on the one hand to resistor 130 whose other ter 
minal is connected to the D.C. voltage supply source; 
and on the other hand, to the anode of a diode 131, 
whose cathode is connected to the ninth voltage divider 
terminal, namely the common point of resistors 132 
and 133 constituting the ninth divider means. The 
clamping diode 134 is connected to the emitter of 
transistor 126 and to the ninth voltage divider terminal. 
Resistors 135,136 (additional input resistance), and 
137 (sixteenth resistor) are also connected to the 
emitter of transistor 126. The other terminal of re 
sistance 135 is connected to ground and that of re 
sistance 136 to the input terminal 34, while the other 
terminal of resistance 137 is connected to the output 
voltage divider terminal 95. A constant voltage Ura is 
connected to the second input terminal 28 of amplifier 
26. Operation of this circuit is as follows: 

For the steep portion of the control line, transistor 
126 is blocked, the amplification is then 

V = - R122/R121 as long as Zener diode 123 is 
blocked. The current introduced via resistance 124 to 

the input terminal 27 effects the horizontal 
displacement of the control line. The extreme values 
of displacement region for a given voltage variation 
may be determined by resistances 124 and 125. 

At the break in the characteristic, transistor 126 
becomes conductive, and the lower part of the feed 
back network comprising transistor 126, resistors 130, 
132, 133, 135, 136 and 137, as well as diodes 131 and 
134, becomes effective. A voltage Ur is developed 
across the resistance 133 and applied to the base of 
transistor 126 via diode 131. Diode 131, whose anode 
is connected to the base of transistor 126 serves for 
temperature compensation. The voltage UT is so 
chosen that a sufficient collector-emitter voltage Uce is 
available for operation of transistor 126 in the active 
region (U-3UE2). 
The amplification of the lower part of the control 

line then is determined by the ratio of the total feed 
back resistance (with transistor 126 conductive) to the 
total input resistance namely: 

- RF Ris R12, Ria, where RF = R22 RE An An. F--Rs 
and 

- R138. R121 R136 
RE= R121 ANT AN' R121 - Rias 

yielding: 
VR= RF/R121 - RF/Ras. Ay, 

wherein Ay stands for the current amplification of 
transistor 126 in a common base connection. As the 
input voltage Un increases, the switch-in voltage (ap 
proximately UT) at the emitter of transistor 126 is 
reached for ever decreasing values of output voltage. 
The break point is moved along a line having a slope 
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V- - R1371R 136, whose position in the 

characteristic field may be changed without a change 
in slope by changing the value of resistor 135. This 

resistor changes the voltage at the emitter of transistor 
126, as is evident by reference to FIG. 15, thereby 

changing the voltage at input terminal 27 of amplifier 
26. 

If the output voltage of the amplifier at terminal 29 
exceeds the voltage at the common point of resistors 
127 and 128, then, diode 94 blocks, and the feedback 
circuit is completed over Zener diode 123 and diode 
129, i.e. feedback resistors 22 and 137 are shortcir 
cuited. 
Thus the input terminal 27 remains at a constant 

potential Ue, and a direct effect on the output voltage 
of U, or, respectively, the desired speed signal (ter 
minal 138), via resistance 122, is prevented. 

In the lower part of the feedback circuit, the clamp 
ing diode 134 serves the same function as does Zener 
diode 123 in the above-described operation of amplifi 
er 26. As soon as the voltage U, exceeds the voltage UT 
across resistor 133, transistor 126 blocks and clamping 
diode 134 conducts. This causes the common point of 
resistors 136 and 137 to remain at voltage Ur, effec 
tively preventing changes in U, from influencing U. In 
order to maintain a constant voltage or a substantially 
constant voltage across resistance 133, the individual 
resistances of resistors R137, R136 must be much 
greater than the resistance of R132 in parallel with 
R133. 

It has thus been shown by use of a number of em 
bodiments, that any type of desired control charac 
teristics may be achieved only by varying the feedback 
circuit or the input circuit of a direct current amplifier 
having a sufficiently high amplification. The position 
and the slope of individual control lines or control line 
portions may be changed within wide regions indepen 
dent of one another. The desired speed signal may be 
furnished by active or by passive means. The time con 
stants of such control systems is generally negligible 
compared to the other time constants appearing in the 
system. The phase shift of the control system is zero in 
the frequency region concerned. It is of course also 
possible to change the amplified characteristics fixed to 
either a differentiating or integrating type of charac 
teristic by adding the active component to the resistive 
components in the feedback circuits. . 

While the invention has been illustrated and 
described as embodied in input and feedback circuit 
configurations, it is not intended to be limited to the 
details shown, since various modifications nd circuit 
changes may be made without departing in any way 
from the spirit of the present invention. 
What is claimed as new and desired to be protected 

by Letters Patent is set forth in the appended claims: 
1. Control system for internal combustion engine, 

comprising, in combination, at least one fuel control 
means furnishing fuel to said engine throughout an 
operating range comprising minimum and maximum 
speeds and minimum and maximum fuel supply, in de 
pendence upon a fuel control signal; means for furnish 
ing a desired speed signal corresponding to the desired 
engine speed; means for furnishing an actual speed 
signal corresponding to the actual engine speed; and 
high gain direct current differential amplifier means 
connected to said means for furnishing a desired speed 
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signal and said means for furnishing an actual speed 
signal, said high gain direct current differential amplifi 
er means having a first and second amplifier input ter 
minal, an amplifier output terminal, a first and second 
amplifier input circuit respectively connected to said 
first and second amplifier input terminal, and a feed 
back circuit connected between said amplifier output 
terminal and said first input terminal, said high gain 
direct current differential amplifier means furnishing 
said control signal within said operating range in 
response to the difference between signals applied 
respectively at said first and second amplifier input ter 
minal, said first amplifier input circuit or said feedback 
circuit including at least one impedance changing ele 
ment for changing the impedance thereof in response 
to signals generated in said high gain direct current dif 
ferential amplifier means under predetermined operat 
ing conditions of said internal combustion engine, 
whereby said control signal varies also as a function of 
the impedance of said impedance changing element. 

2. A control system as set forth in claim 1, wherein 
said control system is adapted to maintain a constant 
engine speed, independent of load changes. 

3. A control system as set forth in claim 1, wherein 
said control system is adapted to maintain the lowest 
no-load speed above a predetermined minimum no 
load speed, and to limit the top no-load speed to a 
predetermined maximum no-load speed. 

4. A control system as set forth in claim 2, wherein 
said speed control system is further adapted to main 
tain the lowest no-load speed above a predetermined 
minimum no-load speed, and to limit the top no-load 
speed to a predetermined maximum no-load speed. 

5. A control system as set forth in claim 2, wherein 
said feedback circuit comprises only passive electrical 
component. 

6. A control system as set forth in claim 5, wherein 
said first amplifier input circuit has a first input ter 
minal; wherein said actual speed signal is applied to 
said first input terminal; further comprising a first re 
sistor connecting said first input terminal to said first 
amplifier input terminal. 

7. A control system as set forth in claim 6, wherein a 
constant input voltage is applied at said second amplifi 
er input terminal. 

8. A control system as set forth in claim 7, wherein 
said means for furnishing a desired speed signal com 
prise a passive electrical component having a variable 
characteristic. 

9. A control system as set forth in claim 8, wherein 
said passive electrical component comprise in said 
means for furnishing a desired speed signal is a variable 
resistance; and wherein said variable resistance is con 
nected in series with a fixed resistance, the series cir 
cuit comprising the said resistances being connected to 
said first input terminal. 

10. A control system as set forth in claim 9, further 
comprising a D.C. voltage source; and wherein said se 
ries circuit has a terminal connected to said D.C. volt 
age source. 

11. A control system as set forth in claim 10, further 
comprising a first diode having an anode connected to 
said series circuit and a cathode connected to said first 
amplifier input terminal. 
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12. A control system as set forth in claim 9, wherein 

said feedback circuit comprises a single feedback re 
sistance; wherein said D.C. amplifier has amplifier out 
put terminals; and wherein said feedback resistance is 
connected from said amplifier output terminal to said 
first amplifier input terminal. 

13. A control system as set forth in claim 12, further 
comprising first voltage divider means connected from 
said D.C. voltage source to ground, and having a volt 
age divider terminal; and second diode means having 
an cathode connected to said amplifier output terminal 
and a anode connected to said voltage divider terminal. 

14. A control system as set forth in claim 13, wherein 
said feedback circuit comprises a feedback resistance 
having a first terminal connected to said first amplifier 
input terminal and a second terminal connected to the 
anode of said second diode; and wherein said fuel con 
trol signal is derived from the anode of said second 
diode. 

15. A control system as set forth in claim 11, further 
comprising a fifth resistor connected between the 
cathode of said first diode and said first amplifier input 
terminal. - 

16. A control system as set forth in claim 15, further 
comprising third voltage divider means connected from 
the anode of said second diode to said D.C. voltage 
source, said third voltage divider means having a third 
voltage divider terminal; and third diode means having 
an anode connected to said first amplifier input ter 
minal and a cathode connected to said third voltage di 
vider terminal. 

17. A control system as set forth in claim 16, further 
comprising a fifth resistor connected between said third 
voltage divider terminal and said input terminal. 

18. A control system as set forth in claim 17, further 
comprising means for preventing amplifier overdrive 
connected between said amplifier output terminal and 
said first amplifier input terminal. 

19. A control system as set forth in claim 18, further 
comprising a seventh resistor connected between the 
anode of said second diode and said input terminal. 

20. A control system as set forth in claim 3, wherein 
said high gain direct current differential amplifier 
means comprise a first and second direct current ampli 
fier respectively having a first and second input circuit 
and a first and second feedback circuit, said first direct 
current amplifier having a first and second first amplifi 
er input terminal, said second direct current amplifier 
having a first and second second amplifier input ter 
minal, said first direct current amplifier having a first 
amplifier output terminal, said second direct current 
amplifier having a second amplifier output terminal; 
wherein said first and second input circuits have a com 
mon input terminal; and wherein said actual speed 
signal comprise an actual speed voltage connected to 
said common input terminal. 

21. A control system as set forth in claim 20, wherein 
a constant voltage is applied to the second amplifier 
input terminal of said first and second direct current 
amplifiers. 

22. A control system as set forth in claim 21, further 
comprising a D.C. voltage source; fourth voltage di 
vider means connected across said D.C. voltage source, 
and having a fourth voltage divider terminal; a fourth 
diode connected between said fourth voltage divider 



3,707,950 
15 

terminal and said first amplifier output terminal; and a 
fifth diode connected between said fourth voltage di 
vider terminal and said second amplifier output signal. 

23. A control system as set forth in claim 22, wherein 
said pure control signal is derived from said fourth volt 
age divider terminal, said variable resistance constitut 
ing said means for furnishing a desired speed signal. 

24. A control system as set forth in claim 22, wherein 
said fourth voltage divider means comprise a fixed re 
sistance connected from said D.C. voltage source to 
said fourth voltage divider terminal; and wherein said 
means for furnishing a desired speed signal comprise a 
current source connected from said fourth voltage di 
vider terminal to ground. 

25. A control system as set forth in claim 23, further 
comprising an eighth and ninth resistor respectively 
connected from said first first amplifier input terminal 
and said first second amplifier input terminal to 
ground. 

26. A control system as set forth in claim 24, further 
comprising an eighth and ninth resistor respectively 
connected from said first first amplifier input terminal 
and said first second amplifier input terminal to 
ground. 

27. A control system as set forth in claim 20, wherein 
said first and second feedback circuit each comprise a 
resistance-diode combination. 
28. A control system as set forth in claim 4, wherein 

said feedback circuit comprises a first feedback circuit 
and a second feedback circuit, and wherein said first 
feedback circuit or said second feedback circuit 
become effective as a function of the speed of said in 
ternal combustion engine. 

29. A control system as set forth in claim 28, wherein 
said first feedback circuit is effective in the no-load re 
gion; and wherein said second feedback circuit is effec 
tive following the no-load region until the maximum 
permissible speed is attained. 

30. A control system as set forth in claim 29, wherein 
said input circuit has an input terminal; wherein said 
input circuit comprises a tenth and eleventh resistor, 
each having a first terminal connected to said inputter 
minal, each having a second terminal; and sixth and 
seventh diodes, respectively having an anode con 
nected to the second terminal of said tenth and 
eleventh resistors, and a cathode connected to said am 
plifier input terminal. 

31. A control system as set forth in claim 30, further 
comprising an eighth diode having a cathode con 
nected to said amplifier output terminal and an anode; 
and second and third feedback resistances connected 
from the anode of said eighth diode to the second ter 
minal of said tenth and eleventh resistor, respectively. 

32. A control system as set forth in claim 31, further 
comprising a twelth resistor connected from said D.C. 
voltage source to the anode of said sixth diode; a fifth 
voltage divider means having a fifth voltage divider ter 
minal connected from said D.C. voltage source to the 
anode of said eighth diode; and a ninth diode con 
nected from said fifth voltage divider terminal to the 
anode of said sixth diode. 

33. A control system as set forth in claim 32, wherein 
said means for furnishing a desired speed signal com 
prise a variable resistance having a first terminal con 
nected to said D.C. supply source and a second ter 
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minal; and fixed resistance means interconnecting said 
second terminal of said variable resistance and said am 
plifier output terminal. 

34. A control system as set forth in claim 33, further 
comprising decoupling means connected to the second 
terminal of said variable resistance; a tenth diode hav 
ing a cathode connected to the output of said 
decoupling means and an anode; and a thirteenth re 
sistor, interconnecting the anode of said tenth diode 
and said D.C. voltage source. 

35. A control system as set forth in claim 30, further 
comprising means for effectively decreasing the re 
sistance of said eleventh resistor for speeds exceeding a 
first predetermined speed. 

36. A control system as set forth in claim 35, wherein 
said means for effectively decreasing the resistance of 
said eleventh resistor comprise a fourteenth resistor 
having a first terminal connected to said input terminal, 
and a second terminal; and an electronic switching 
means adapted to connect said second terminal of said 
fourteenth resistor to the corresponding terminal of 
said eleventh resistor when the speed of said internal 
combustion engine exceeds said first predetermined 
speed. 

37. A control system as set forth in claim 36, wherein 
said electronic switching means comprise a first 
transistor having an emitter connected to said four 
teenth resistor, a collector connected to said eleventh 
resistor, and a gate. 

38. A control system as set forth in claim 37, further 
comprising a gate circuit for furnishing a voltage to the 
gate of said transistor. 

39. A control system as set fort in claim 38, wherein 
said gate circuit comprises sixth voltage divider means 
connected between said D.C. voltage source and 
ground and having a sixth voltage divider terminal; a 
fifteenth resistor connected from said D.C. voltage 
source to the gate of said transistor; and diode means 
interconnecting said gate and said sixth voltage divider 
terminal. 

40. A control system as set forth in claim 39, wherein 
said means for furnishing a desired speed signal com 
prise means for furnishing a current proportional to 
said desired speed to the common point of said 
eleventh resistor and said seventh diode. 

41. A control system as set forth in claim 40, further 
comprising seventh voltage divider means connected 
between said D.C. voltage source and ground and hav 
ing a seventh voltage terminal, said seventh voltage di 
vider terminal being connected to the anode of said 
eighth diode. 

42. A control system as set forth in claim 41, wherein 
a constant input voltage is supplied to the second am 
plifier input terminal. 

43. A control system as set forth in claim 4, wherein 
said feedback circuit comprises a first feedback circuit 
and a second feedback circuit; wherein said second 
feedback circuit becomes effective after the speed of 
said engine exceeds a changeover speed; and wherein 
said changeover speed varies in dependence upon the 
fuel-speed control characteristic along which said com 
bustion engine is being operated. 
44. A control system as set forth in claim 43, wherein 

said input circuit comprises an input resistor having a 
first terminal constituting an input terminal and a 
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second terminal connected to said first amplifier input 
terminal; an eighth diode having a cathode connected 
to said amplifier output terminal and an anode, wherein 
said first feedback circuit comprises a resistance con 
nected between the anode of said eighth diode and said 
first amplifier input terminal; wherein said second feed 
back circuit comprises a 16th resistor having a first ter 
minal connected to the anode of said eighth diode and 
a second terminal; electronic switching means for con 
necting said second terminal of said sixteenth resistor 
to said first amplifier input terminal when the speed of 
the engine exceeds said changeover speed; and an addi 
tional input resistance having a first terminal connected 
to said input terminal and a second terminal connected 
to the second terminal of said 16th resistor. 

45. A control system as set forth in claim 44, further 
comprising an additional feedback circuit including a 
Zener diode connected between said amplifier output 
terminal and first said amplifier input terminal. 

46. A control system as set forth in claim 45, wherein 
a constant voltage is applied to said second amplifier 
input terminal. 

47. A control system as set forth in claim 46, further 
comprising a D.C. voltage source; and output voltage 
divider means having an output voltage divider ter 
minal connected from said D.C. voltage source to 
ground, said output voltage divider terminal being con 
nected to the anode of said eighth diode. 
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48. A control system as set forth in claim 47, wherein 

said means for furnishing a desired speed signal com 
prises means for furnishing a voltage proportional to 
said desired speed at a speed terminal; eighth voltage 
divider means connected between said speed terminal 
and said D.C. voltage source, and having an eighth volt 
age divider terminal connected to said first amplifier 
input terminal. 

49. A control system as set forth in claim 48, wherein 
said electronic switching means comprise a transistor 
having a base and an emitter-collector circuit, said 
emitter-collector circuit connecting said 16th resistor 
to said first amplifier input terminal when said 
transistor is conductive. 

50. A control system as set forth in claim 49, further 
comprising ninth voltage divider means connected 
between said D.C. voltage source and ground, and hav 
ing a ninth voltage divider terminal; a temperature 
compensating diode connected between the base of 
said transistor and said ninth voltage divider terminal; a 
clamping diode connected between the emitter of said 
transistor and said ninth voltage divider terminal; a re 
sistor connected between said D.C. voltage source and 
said base; a resistor connected between said emitter 
and ground; and a resistor connected between the 
cathode of said clamping diode and ground. 
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