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FUEL SYSTEM FOR ENGINES 

This invention relates to fuel systems for engines. 
A fuel system according to the invention includes a 

pump supplying fuel to the engine, and a closed loop 
control system controlling the pump, the closed loop 
control system including an electronic governor which 
is powered by positive and negative supply lines and in 
corporates a summing ampli?er the output from which 
controls the pump, said ampli?er having its noninvert 
ing input connected to a third supply line which is 
maintained at a ?xed percentage of the potential be 
tween the positive and negative supply lines, and hav 
ing applied to its inverting input at least two signals of 
opposite polarity with respect to said third supply line, 
said signals having magnitudes proportional to the po 
tential between the positive and negative supply lines. 

In the accompanying drawings, 
FIG. 1 is a circuit diagram, partly in block form, illus 

trating one example of the invention. 
FIGS. 2 to 4 are graphs illustrating the outputs of 

three transducers used in FIG. 1. 
FIG. 5 represents a fuel-speed characteristic for an 

engine to be controlled by the arrangement of FIG. 1. 
FIG. 6 is a view similar to FIG. 1 of a second example 

of the invention. 
FIG. 7 is a view similar to FIG. 5 but showing the 

characteristic obtained by FIG. 6. 
FIG. 8 is a circuit diagram showing one form of 

power supply circuit, and 
FIG. 9 is a circuit diagram illustrating one form of 

check circuit for the power supply circuit. 
All the examples described relate to a fuel injection 

system for a diesel engine driving a road vehicle, so that 
demand is set by an accelerator pedal. However, the 
arrangements shown can be used with other engines, 
and the engine employed need not drive a road vehicle, 
in which case the demand is of course set in some other 
way. 
Referring ?rst to FIG. 1, a fuel pump 11 supplies fuel 

to the cylinders of an engine 12 in turn, the fuel pump 
being driven in a conventional manner, with the timing 
of injection controlled in the usual way. The driving of 
the fuel pump forms no part of the present invention 
and is not therefore described. Moreover, the type of 
pump used is not critical, but in the example shown the 
pump is a conventional in-line pump having a control 
rod 14 the axial position of which determines the rate 
of supply of fuel to the engine 12 by the pump 11. The 
axial position of the control rod 14 is controlled by an 
electromechanical actuator 13 to determine the pump 
output. 
The system further includes three transducers 15, 16 

and 17. The transducer 15 produces an output in the 
form of a voltage shown in FIG. 2, the magnitude of the 
voltage being dependent on the rotational speed of the 
engine. The transducer 16 produces an output voltage 
shown in FIG. 3 the voltage being dependent on the 
rate of supply of fuel to the engine, (i.e. the pump out 
put). For this purpose the transducer 16 conveniently 
senses the axial position of the control rod 14 as indi 
cated by the dotted line. The transducer 17 produces 
a voltage representing demand. Typically, the trans 
ducer 17 is controlled by the accelerator pedal of the 
vehicle which is driven by the engine, and in the partic 
ular example being described, the engine is controlled 
by an all-speed governor, so that the output from the 
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2 
transducer 17 is a voltage representing demanded en 
gine speed. The form of this voltage is shown in FIG. 
4, and it should be noted that the slope of this output 
is opposite to the slopes of the outputs from the trans 
ducers 15, 16. 
The outputs from the transducers 15, 16 and 17 are 

all applied, by way of resistors 15a, 16a, 17a, convert 
ing the signals to current signals, to the inverting termi 
nal of an operational ampli?er 18 connected as a sum 
ming ampli?er, whilst the output from the transducer 
16 is also connected through a resistor 16b to the in 
verting terminal of an operational ampli?er 19 con 
nected as a summing ampli?er. The ampli?ers 18 and 
19 are powered by positive and negative supply lines 
21, 22 derived from the vehicle battery and have their 
non-inverting terminals connected to a line 23 which is 
kept at a reference potential mid-way between the po 
tentials of the lines 21, 22. The origin in FIGS. 2 to 4 
is the potential of the line 23. All the transducers are 
powered from the supply lines, which are of course in 
tended to remain at constant potentials. However, the 
transducer outputs are proportional to the potential be 
tween the lines 21, 22 and so if this potential varies, so 
will the transducer outputs. 
The output from the ampli?er 18 is fed through a 

diode 24 to a drive circuit 25 which incorporates a 
power ampli?er and which serves to control the elec 
tro-mechanical actuator 13. Similarly, the output ter 
minal of the ampli?er 19 is connected to the drive cir 
cuit 25 through a diode 26. The diodes 24 and 26 to 
gether constitute a discriminator, which ensures that 
only the ampli?er 18, 19 producing the more positive 
output is coupled to the drive circuit 25 at any given in 
stant. Thus, if the ampli?er 18 is producing the more 
positive output, then the diode 26 is reverse biased, and 
if the ampli?er 19 is producing the more positive out 
put, the diode 24 is reverse biased. FIG. 1 also shows 
the feedback resistors 27, 28 associated with the ampli 
?ers 18, 19 respectively, and it will be noted that the 
feedback circuit for each ampli?er is taken from the 
input terminal of the drive circuit 25. By virtue of this 
arrangement, the effective forward voltage drop across 
the diodes 24 and 26 is reduced by a factor dependent 
upon the ampli?er open-loop gain, and so the tempera 
ture characteristics of the diodes become negligible 
when considering the temperature characteristics of 
the system. Also, there is a very sharp changeover from 
control by one ampli?er to control by the other ampli 
?er. 
The basic operation is as follows. The ampli?er 18 

receives current inputs representing demanded speed, 
actual speed, and pump output. These inputs are com 
pared, and the ampli?er 18 produces an output which 
is fed to the drive circuit 25, and modi?es the pump 
output until the input signals to the ampli?er 18 are 
balanced, at which point the output from the ampli?er 
18 becomes such that the drive circuit 25 produces just 
suf?cient current to keep the control rod 14 in the posi 
tion it has assumed. 
There is an inversion stage between the ampli?ers l8, 

l9 and the pump, so that the smaller the output from 
the ampli?er 18, the greater the demanded pump out 
put. The ampli?er 19 receives a signal by way of the re 
sistor 16b representing pump output and also receives 
a reference current from a reference source 20. If the 
demanded pump output exceeds a predetermined 
value, then the ampli?er 19 produces a positive output 
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which is more positive than the output of the ampli?er 
18, so that the diode 24 ceases to conduct as previously 
explained and the ampli?er 19 produces an output to 
the drive circuit 25 to limit the pump output. When the 
ampli?er 19 is producing an output, the system oper 
ates in the same way as when the amplifier 18 is pro 
ducing an output to reduce the output of the ampli?er 
19 to a value such that the output from the drive circuit 
25 keeps the control rod 14 in the position it has as 
sumed. The system will stay in this condition until the 
ampli?er I8 demands less fuel than the maximum set 
by the ampli?er 19. When the ampli?er l8 demands 
less fuel, it produces a greater positive output than the 
ampli?er l9, and so takes over the operation. 
Referring now to FIG. 5, the way in which the gover 

nor is designed and operates can be seen from the 
graph of pump output against speed. This graph also 
shows the effect of a number of controls not yet men 
tioned in relation to FIG. 1. The line 40 is set by the 
ampli?er 18 by virtue of the way in which the compari 
son of actual and demanded speeds is modified in ac 
cordance with the input from the transducer 16. The 
line 40 in the drawings represents 50 percent demand, 
and is one of a family of curves stretching from 0 de 
mand to l00 percent demand. The extremes of this 
family, that is to say no demand and full demand, are 
indicated at 38 and 43. The line 38 is set by a current 
source 31 providing an input to the inverting terminal 
of the ampli?er 18, to ensure that the engine speed va 
ries with pump output in the manner indicated by the 
line 38 even when the demand is zero. The maximum 
speed is set by a control 29 shown in FIG. 1 and which 
acts by limiting the maximum demand from the trans 
ducer 17. The line 35 is the maximum fuel line which 
is set by the ampli?er 19 as previously explained. 
The boundary line 39 is a function of the engine, not 

the governor, and represents the no'load fuel require 
ments of the engine under different demands, so that 
the points 41 and 42 are the no-load engine speeds at 
zero and full demand, (i.e.) with the pedal released and 
fully depressed respectively. 
FIG. 5 explains how the engine will behave in any cir 

cumstances. Suppose that the pedal has been set to de 
mand 50 percent, corresponding to the line 40 shown 
in FIG. 5. The exact position on the line 40 at any given 
instant will depend upon the load on the engine, and so 
for this given setting of the pedal, the engine speed can 
vary within the limits set by the lines 35 and 40. The 
slope of the line 40 is, as previously explained, a result 
of the input to the ampli?er 18 from the transducer 16. 
Assuming that the engine is operating at a particular 
point on the line 40, then if the vehicle starts to go up 
an incline, the load will increase, and so for a given po 
sition of the pedal the operating point will move up the 
line 40, so that the speed is reduced. If the load be 
comes suf?ciently great, the line 35 will be reached, 
and no further increase in pump output will be permit‘ 
ted. At this point, the speed falls rapidly. If the load de 
creases, then the operating point moves down the line 
40 with the corresponding increase in speed. If the load 
decreases to zero, the line 39 is reached. 

[f the demand is changed, then assuming for the sake 
of argument that it changes from 50 percent demand to 
100 percent demand, the pump output will increase as 
rapidly as the pump and governor will allow until the 
line 35 is reached, and the engine will then move along 
the line 35 onto the maximum demand line 43, and will 
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4 
assume a position on the line 43 which is dependent 
upon the load. 

If the demand is reduced, then assuming the demand 
is reduced from 50 to 0 percent, the operating point 
will move downward until the fuel supply is zero. The 
speed then decreases until the line 38 is reached, after 
which the operating point moves up the line 38, ?nish 
ing at a point on the line 38 determined by the load on 
the engine. 
Turning now to FIG. 6, there is shown a second ex 

ample in which the governor is a two-speed governor, 
that is to say a governor in which the demand signal is 
a fuel signal which is compared with the actual fuel, the 
pump output then being modi?ed to provide the de 
sired fuel output. In FIG. 6, the ampli?er 18 receives 
a signal from the transducer 16 by way of the resistor 
16a, this signal representing actual fuel. A signal repre 
senting demanded fuel is fed by way of the resistor 17a 
to the ampli?er 18, but it will be noted that there is no 
speed term set to the ampli?er 18 from the transducer 
15. The characteristics of the system are shown in FIG. 
7. The line 40a is one ofa family of horizontally extend 
ing lines which are set by the governor, and can be 
taken to represent the 50 percent demand line. When 
the pedal sets a demand of 50 percent, the amplifier 18 
sets the required fuel level. The operating point on the 
line 400 will of course then depend on the load on the 
engine. 
The ampli?er 19 overrides the ampli?er 18 in FIG. 

6 in a similar manner to the arrangement in FIG. 1, ex 
cept that the ampli?er 19 now receives a signal by way 
of the resistor 15a representing speed, and also a refer 
ence current from a source 200 indicating the maxi 
mum engine speed. The ampli?er 19 sets the maximum 
speed of the engine, which is indicated by the line 43 
in FIG. 7. It will be noted that the line 43 has a slope, 
that is to say the maximum permitted speed varies with 
pump output. This slope is obtained by feeding to the 
ampli?er 19 a signal representing pump output, this sig 
nal being fed by way of the resistor 16b. 
The maximum pump output, that is to say the line 35 

in FIG. 7, is set by a control 29a which limits the maxi 
mum demand, in much the same way as the control 29 
limits the maximum speed in FIG. 1. The minimum en 
gine speed, indicated by the line 38, is set by a current 
source 310, which is similar to the current source 31 
except that because the current source 310 acts on the 
ampli?er 18, which does not receive a speed term, the 
current source 310 must receive a speed term as indi 
cated by its connection to the transducer 15. 

It is extremely important that the line 23 is main 
tained at a potential which is a ?xed percentage of the 
potential between the lines 21, 22. As described above, 
this percentage is 50 percent. Because the ampli?ers l8 
and 19 have their non-inverting inputs connected to the 
line 23, the transducers have outputs which are propor 
tional to the potential between the lines 21, 22 and the 
overall system is a closed loop control system, then the 
fact that the line 23 is maintained at a constant percent 
age of the potential between the lines 21, 22 ensures 
that variations in the supply voltage do not alter the op 
eration of the system. This of course is of considerable 
importance where the system is employed on a vehicle, 
and the basic power source is the battery of the vehicle, 
the voltage of which can vary. 

In order to understand the effect of a variation in bat 
tery voltage, assume for example that the lines 21, 22 
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and 23 are at 20 volts, 0 volts and I0 volts respectively. 
If the resistors 15a, 16a, 17a are equal, then in steady 
state conditions, the transducers 15, 16, 17 may pro 
duce output voltages of 13, 13 and 4 respectively. It 
will be seen that the 4 volts, which is 6 volts below the 
reference, balances the two l3 volt outputs, each of 
which is 3 volts above the reference. Suppose now, tak 
ing an extreme case by way of illustration, that the line 
21 falls to 10 volts. For ?xed values of the parameters, 
the transducer output voltages become 6.5, 6.5 and 2 
respectively. However, the reference potential now be 
comes 5 volts, so that the system is still in balance. 

It should be noted that the various references em 
ployed are also derived from the supply lines, and so 
are proportional to the potential between the lines 21, 
23. 
Similar considerations of course apply to the ampli 

?er 19, and to the ampli?ers 18 and 19 in FIG. 6. 
One arrangement for maintaining the line 23 at a 

?xed percentage of the potential between the lines 21, 
22 is shown in FIG. 8. The arrangement is powered by 
the battery 52 of a road vehicle, the battery 52 having 
its negative terminal connected to the line 22, and its 
positive terminal connected to the collector of an n-p-n 
transistor 56, the emitter of which is connected to the 
line 21. The collector and base of the transistor 56 are 
connected respectively to the collector and emitter of 
a further n-p-n transistor 57, the base of which is con 
nected to the positive battery terminal through a resis 
tor 59, and to the terminal 22 through a Zener diode 
58. 
There is further provided a potentiometer chain com 

prising resistors 60 and 61 connected in series between 
the lines 21, 22. A point intermediate the resistor 60, 
6| is connected to the base of an n-p-n transistor 62 the 
collector of which is connected to the line 21 and the 
emitter of which is connected to the line 22 by way of 
a resistor 63. In addition, a further n-p-n transistor 64 
is provided having its emitter connected to the emitter 
of the transistor 62 and its collector connected to the 
terminal 21 by way of a resistor 65. The base of the 
transistor 64 is connected to the line 23. 
Connected between the lines 21, 23 is a resistor 66 

and in parallel with the resistor 66 is a series combina 
tion of a resistor 67 and the collector-emitter path of 
an n-p-n transistor 68. The base of the transistor 68 is 
connected to the emitter ofa further n-p-n transistor 69 
and the base of the transistor 69 is connected to the 
collector of the transistor 64. The collector of the tran 
sistor 69 is connected to the terminal 21, and the emit 
ter of the transistor 69 is connected by way of a resistor 
70 to the line 23. 

In operation, the transistors 56 and 57 together with 
the Zener diode 58 form a voltage stabilizing network 
so that a substantially constant voltage is obtained be 
tween the lines 21, 22. Also shown in FIG. 8 are two 
loads 53, 54 which indicate current consuming portions 
of the governors. In the particular example, the load 54 
consumes more current than the load 53 and the resis 
tor 66 supplies the majority of the surplus current for 
the load 54. In order to maintain the voltage at the line 
23 at substantially the desired value the conduction of 
the transistor 68 is varied, and the transistor 68 to 
gether with the resistor 67 acts as a variable resistor in 
parallel with the resistor 66. The resistors 60 and 61 are 
of equal value, so that the base voltage of the transistor 
62 is maintained at the desired value of the voltage at 
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6 
the line 23 and the transistors 62 and 64 act as a differ 
ential ampli?er to control the base current of the tran 
sistors 69, 68 in accordance with the difference be 
tween the desired value and the actual value of the volt 
age at the line 23. With this arrangement should the 
value of the voltage at the line 23 tend to vary in either 
direction then the current flowing through the transis 
tor 68 is varied accordingly to maintain the voltage sub 
stantially constant as a known fraction of the voltage 
between the lines 21, 22. This ratio will be maintained 
as the supply voltage varies, even if the supply voltage 
should fall below the breakdown voltage of the Zener 
diode 18, for example when cranking the engine. 

FIG. 9 shows an arrangement for checking the poten 
tials of the lines 21, 22, 23, and effecting a control 
when necessary. For this purpose, a ?rst check circuit 
is provided which comprises an n-p-n transistor 83 the 
base of which is connected to a potential divider chain 
constituted by resistors 84 and 85 connected in series 
between the lines 21, 22. The emitter of the transistor 
83 is connected to the line 23. The collector of the 
transistor is connected to a ?rst safety circuit 86 which 
is associated with the power amplifier 25. The safety 
circuit 86 serves when operated to disable the power 
ampli?er 25 so that no current is supplied to the actua 
tor 13. The arrangement is such that in the event that 
the voltage at the line 23 should fall below 50 percent 
of the voltage at the line 21, then the transistor 83 will 
conduct to cause operation of the circuit 86. In the 
event that the voltage at the line 23 reverts to its cor 
rect value then the safety circuit 86 will cease to oper 
ate and the ampli?er 25 operates again. Thus, the cir 
cuit checks that the voltage at the line 23 relative has 
not fallen below a predetermined percentage of the 
voltage between the lines 21, 22. 

It is also necessary to sense when the voltage at the 
line 23 rises above a predetermined value. This is 
achieved by sensing the voltage at the line 23 relative 
to the line 21 and comparing it with a standard voltage. 
It will be understood of course that the ?rst check cir 
cuit only checks for a low voltage at the line 23 relative 
to the desired proportion of the voltage between the 
lines 21, 22. The second check circuit comprises a 
p-n-p transistor 87 the emitter of which is connected by 
way of a diode 88 to the line 22. The base of the transis 
tor 87 is connected through a resistor 89 to a point in 
termediate a resistor 90 and a Zener diode 91 con 
nected in series between the lines 21, 22. Thus the volt 
age on the base of the transistor 87 will be determined 
by the breakdown voltage of the Zener diode 91. The 
collector of the transistor 87 is connected to a second 
safety circuit 92 associated with the power ampli?er 
25. The safety circuit 92 in this example serves to pre 
vent the supply of current by the power ampli?er 25 to 
the actuator 13. In operation, in the event that the volt 
age at the line 23 rises above the predetermined value 
set by the Zener diode, the circuit 92 will be operated 
to prevent the ampli?er 25 supplying current to the ac 
tuator 13. 

It will be noted that in the event that the voltage at 
the line 21 rises then the voltage at the line 23 will also 
rise. Hence the second check circuit indirectly but ef 
fectively, checks that the voltage at the line 21 has not 
risen above a desired value. 
We claim: 
1. A fuel system for an engine, comprising in combi 

nation, a pump for supplying fuel to the engine, an ac 
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tuator for controlling the amount of fuel supplied to the 
engine, a power amplifier for supplying power to the 
actuator, a control circuit for controlling the amount of 
power supplied to the actuator by the power ampli?er, 
means for supplying to the control circuit signals indic 
ative of the actual speed of the engine, the pump output 
and a manually determined demand signal, a power 
supply circuit for connection to a source of supply, said 
power supply circuit having three output lines and in 
corporating means maintaining the voltage of one of 
the lines relative to one of the other lines at a predeter 
mined percentage of the voltage between the other 
lines, said power supply circuit providing power for the 
control circuit, a ?rst check circuit for checking the 
voltage on said one line relative to the voltages on said 
other lines, and a second check circuit for checking the 
actual voltage on said one line relative to one of the 
other lines, said check circuits when operated serving 
to prevent operation of the power ampli?er thereby 
cutting off the supply of power to the actuator. 

2. A fuel system for an engine including a pump sup 
plying fuel to the engine, and a closed loop control sys 
tem controlling the pump, the closed loop control sys 
tem including an electronic governor which is powered 
by positive and negative supply lines and incorporates 
a summing ampli?er the output from which controls 
the pump, said ampli?er having its non-inverting input 
connected to a third supply line and having applied to 
its inverting input at least two signals of opposite polar 
ity with respect to said third supply line, said signals 
having magnitudes proportional to the potential be 
tween said positive and negative supply lines, a battery 
providing power for the system, a voltage regulator 
coupling the battery to the positive and negative supply 
lines, variable resistance means coupling the third sup 
ply line to one of said supply lines, and comparator 
means continuously monitoring the potential on the 
third supply line and varying said resistance means to 
maintain the potential on said third supply line at a 
?xed percentage of the potential between said positive 
and negative supply lines. 

3. A fuel system for an engine including a pump sup 
plying fuel to the engine, and a closed loop control sys 
tem controlling the pump, the closed loop control sys 
tem including an electronic governor which is powered 
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8 
by positive and negative supply lines and incorporates 
a summing ampli?er the output from which controls 
the pump, said ampli?er having its non-inverting input 
connected to a third supply line and having applied to 
its inverting input at least two signals of opposite polar‘ 
ity with respect to said third supply line, said signals 
having magnitudes proportional to the potential be 
tween said positive and negative supply lines, means 
monitoring the potentials of the positive and negative 
supply lines and maintaining said third supply line at a 
?xed percentage of the potential between the positive 
and negative supply lines, a check circuit for effecting 
a control to prevent supply of fuel to the engine if the 
potential of the third supply rail falls below said ?xed 
percentage, the check circuit including a transistor 
with emitter and base terminals, one of said terminals 
being connected to the third supply line and the other 
of said terminals being connected to a potential divider 
connected across the positive and negative supply lines, 
the transistor turning on to effect the required control. 

4. A fuel system for an engine including a pump for 
supplying fuel to the engine, and a closed loop control 
system controlling the pump, the closed loop control 
system including an electronic governor which is pow 
ered by positive and negative supply lines and incorpo 
rates a summing ampli?er the output from which con 
trols the pump, said ampli?er having its non-inverting 
input connected to a third supply line and having ap 
plied to its inverting input at least two signals of oppo 
site polarity with respect to said third supply line, said 
signals having magnitudes proportional to the potential 
between said positive and negative supply lines, means 
monitoring the potentials of the positive and negative 
supply lines and maintaining said third supply line at a 
?xed percentage of the potential between the positive 
and negative supply lines, a check circuit for effecting 
a control to prevent supply of fuel to the engine if the 
potential on the third supply line rises to a predeter 
mined value, the check circuit including a transistor 
with emitter and base terminals, one of said terminals 
being maintained at a ?xed potential by means of a 
zener diode and the other terminal being connected to 
the third supply line, the transistor turning on to effect 
the required control. 
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