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[57] ABSTRACT 

A throttle angle transducer having a non-linear output 
which changes more rapidly at small throttle angles 
than at large throttle angles, comprises a linear poten~ 
tiometer operated by the throttle pedal, and an oscilla 
tor having a period which is determined by the poten 
tiometer output and which varies linearly from the 
throttle angle. The frequency of the oscillator is em 
ployed to provide the required output from a trans 
ducer. 

1 Claim, 4 Drawing Figures 
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THROTTLE ANGLE TRANSDUCERS 

This invention relates to throttle angle transducers 
for use in fuel injection systems. 

In order to attain satisfactory accuracy in a fuel injec 
tion system, it is desirable to employ a throttle angle 
transducer having a non-linear output which changes 
more rapidly at small throttle angles than at large throt 
tle angles, because at small throttle angles the rate of 
change of flow of air when the pedal is moved is sub 
stantially higher than at large throttle angles. The de 
sired output can be obtained by employing a nonlinear 
potentiometer, but such potentiometers are expensive 
and difficult to manufacture to the required degree of 
accuracy. 
The invention resides in a throttle angle transducer 

having a non-linear output which changes more rapidly 
at small throttle angles than at large throttle angles, 
comprising a linear potentiometer operated by the 
throttle pedal, and an oscillator having a period which 
is determined by the potentiometer output and varies 
linearly with the position of the throttle pedal, and the 
frequency of the oscillator being employed to provide 
the required output from the transducer. 

Preferably, the frequency is measured digitally by 
using a counting device to count to a value representing 
the frequency at any given instant, and in this case the 
shape of the frequency against throttle angle curve can 
be changed to suit any particular application by sub 
tracting a ?xed digital number from each digital count. 
The invention further resides in a fuel injection sys 

tem for a vehicle, including a throttle angle transducer 
as specified above, a second transducer for measuring 
a further engine parameter, and a memory device to 
which the outputs from the transducers are fed, the 
memory device determining the quantity of fuel in 
jected in accordance with the values of the two param 
eters. 

An example of the invention is illustrated in the ac 
companying drawings, in which: 
FIG. 1 is a block diagram, and 
FIGS. 2 to 4 are graphs illustrating roughly wave 

forms pertinent to the example. 
Referring first to FIG. 1, there is provided a memory 

device 11 which receives an electrical input from a 
transducer 12 representing either engine speed or man 
ifold depression, and receives a further electrical input 
from a latching counter 13 in a manner to be described, 
the input from the counter 13 to the memory device 11 
representing throttle angle. The memory device 1 1 pro 
duces an output, the value of which is dependent on the 
values of the two input signals it receives, and this out 
put is used to operate means 14 for controlling the in 
jection of fuel to the engine ofa road vehicle. The exact 
nature of the memory device 11 is not important for an , 
understanding of the present invention. 

In order to obtain a signal representing a throttle an 
gle, there is provided a potentiometer 15 which pro 
duces a linear output, that is to say a voltage which var 
ies linearly with throttle angle. The signal obtained 
from the slider of the potentionmeter 15 is fed to a free 
running square wave oscillator 16 of any convenient 
form, the arrangement being such that the signal re 
ceived by the oscillator 16 from the potentiometer l5 
varies the period of the oscillator, so that the period of 
the oscillator varies with throttle angle in a linear man 
ner as indicated in FIG. 2. It will be appreciated that 
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2 
since the frequency of an oscillator is inversely propor 
tional to its period, then the frequency of the oscillator 
16 will vary with throttle angle in the manner shown in 
FIG. 3. 
The output from the oscillator 16 is fed to a counter 

17 which passes a signal to the counter 13 from time to 
time in a manner to be explained. The circuit also in 
cludes a fixed frequency oscillator 18 which has a per 
iod substantially in excess of the period of the oscillator 
16. In one particular example, the period of the oscilla 
tor 18 is equal to the time taken for the oscillator 16 to 
produce 32 pulses, even when the oscillator 16 is oper 
ating at its minimum frequency. The output from the 
oscillator 18 is fed to a logic network 19, and at the 
commencement of a period of oscillation of the oscilla 
tor 18, the logic network produces one output pulse 
which is applied to the counter 13 so that the counter 
13 is fed with the information which at that moment is 
present in the counter 17. The counter 13 then retains 
this information until the beginning of the next period 
of the oscillator 18. Moreover, at the commencement 
of the period of the oscillator 18, the logic network 19 
produces a further pulse which clears the counter 17, 
which then starts to receive a count from the oscillator 
16. After the counter 17 has received 32 pulses, a fur 
ther logic network 21 clears the counter 17 again, but 
the counter 17 then starts ?lling again by virtue of fur 
ther pulses received from the counter 16. Thus, it will 
be seen that at the end of a period of the oscillator 18, 
when the reading of the counter 17 will be passed onto 
the counter 13, the reading in the counter 17 will repre 
sent the number of pulses received from the oscillator 
16 during the ?xed period of the oscillator 18, less 32 
pulses by virtue of the logic network 21. The effect of 
subtracting these 32 pulses from the reading of the 
counter 17 is that the graph shown in FIG. 3 effectively 
becomes of the form shown in FIG. 4. It will be seen 
that this graph is of the form required, in that the effec 
tive frequency shown in FIG. 4, that is to say the fre 
quency after allowance is made for the 32 subtracted 
pulses, varies with throttle angle in such a manner that 
at small throttle angles the signal received by the 
counter 13 will change more rapidly than at large throt 
tle angles. 
We claim: 
1. A throttle angle transducer which can be used in 

a fuel injection system for a vehicle having a throttle 
pedal, and which has a nonlinear output which changes 
more rapidly at small throttle angles than at large throt 
tle angles, said transducer comprising in combination 
a linear potentiometer having movable thereon a slider 
which is driven by the throttle pedal which determines 
said throttle angle, an oscillator, means coupling said 
oscillator to said slider, said potentiometer determining 
the period of said oscillator, whereby said period varies 
linearly with the position of said slider, and an output 
stage coupled to said oscillator, said output stage pro 
viding an output signal which varies linearly with the 
frequency of the oscillator, the frequency of said oscil 
lator being determined solely by its period, said output 
stage effecting digital measurement of said oscillator 
frequency and including means comprising a digital 
counting device for counting to a value representing 
the oscillator frequency at any given instance, the 
shape of the frequency against the throttle angle curve 
being determined by the output of means for subtract 
ing a fixed digital number from each digital count. 

* * * * * 
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