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[57] ABSTRACT 

A digital function generator which may be programmed to 
provide an output signal which is an arbitrary function of the 
applied input is disclosed. An input signal is applied simultane 
ously to a counter and binary divider. The input counter and 
divider are interconnected by logic circuitry which controls 
the division rate in accordance with the number in the counter 
whereby the output of the divider will be commensurate with 
the number of input pulses delivered to the function generator 
divided by the factors decoded from the incremental position 
of those input pulses during each sampling period. 

7 Claims, 4 Drawing Figures 
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DIGITAL FUNCTION GENERATOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the electrical simulation of 

nonlinear functions. More speci?cally, the present invention is 
directed to arbitrary function generators and particularly to 
function generators which employ digital circuit techniques. 
Accordingly, the general objects of the present invention are 
to provide novel and improved methods and apparatus of such 
character. 

2. Description of the Prior Art 
Electrical function generators are well known in theart. 

When the output of the function generator varies linearly with 
the input signal, both digital and analog techniques have been 
employed in the prior art. However, in situations where it was 
necessary or desirable to generate a schedule or function, the 
prior art has universally resorted to the use of analog circuit 
techniques. The advantages of digital computation when com 
pared to achieving the same result by analog techniques are 
numerous and well known in the art. 
While not limited thereto in its utility, the present invention 

is particularly well suited for use in a digital fuel control 
system for combustion engines; particularly for gas turbine en 
gines. As is well known, fuel controls for gas turbine engines 
must provide for the scheduling of fuel ‘?ow in response to 
input speed signals on a nonlinear basis under certain operat 
ing conditions. For example, it is well known that a fuel con 
trol for a gas turbine engine must accommodate an accelera 
tion schedule whereby the rate of fuel delivery to the engine 
during periods of acceleration may be varied in a nonlinear 
fashion, in accordance with a predetermined schedule, from 
the fuel delivery rate which will be commanded under steady 
state operation. The fuel ?ow rate will, of course, be varied as 
a linear function of speed error during steady-state operation; 
the acceleration schedule having effect only under the condi 
tion when the fuel flow commanded is at the maximum per 
missible for safe engine operation. 

SUMMARY OF THE INVENTION 

The present invention overcomes the above-discussed and 
other disadvantages of the prior art by providing a digital, ar 
bitrary function generator. Accordingly, an object of the 
present invention is to provide an arbitrary function genera 
tor, typically with a single program, which provides an output 
signal in binary form which corresponds to a scheduled value 
of a number commensurate with an independent variable 
delivered to the function generator as a series of pulses. 

In accordance with the present invention, a digital input 
signal in the form of a pulse packet and commensurate with 
the magnitude of a sensed independent variable is loaded seri 
ally into an input binary counter. The binary input counter 
keeps static account, during each input pulse packet, of the 
number of pulses which have passed through a binary divider. 
An encoder connected to the counter and having, as its input, 
the most significant bits of the counter, controls the rate at 
which the binary divider will divide the input number as 
represented by the pulse packet. The output pulses from the 
binary divider are delivered serially into an output counter 
which thus contains a number resulting from the division of 
the number of pulses in the input packet by a factor deter 
mined by the connection between the encoder and binary or 
input counter. That is, the number loaded into the output 
counter is commensurate with the number of pulses in each 
input pulse packet divided by the factors encoded from the in 
cremental position of those pulses in the packet for every posi 
tion in that packet. 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention may be better understood and its nu‘ 
merous objects and advantages will become apparent to those 
skilled in the art by reference to the accompanying drawing 
wherein like reference numerals refer to like elements in the 
several ?gures and in which: 

4935 

5 

20 

25 

35 

40 

45 

50 

55 

65 

75 

2 
FIG. 1 is a functional block diagram of a first embodiment 

of the present invention; 
FIG. 2 is a graphical representation of an output function 

which may be generated by the present invention; 
FIG. 3 is a block diagram of a portion of the embodiment 

shown in the functional diagram of FIG. 1; and 
FIG. 4 is a block diagram of a second embodiment of the 

present invention. ' 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

With reference now to FIG. 1, an input signal N, will be 
delivered simultaneously to an input increment counter 10 
and a binary divider 12. The input signal Nl will be a pulse 
packet consisting of a group of pulses corresponding in 
number to the magnitude of an independent variable. Con 
sidering a fuel control application of the present invention, 
signal N, will be a packet of pulses commensurate in number 
with a speed signal generated by means well known in the art. 
Counter 10 will be a binary counter with serial read-in and 

‘parallel readout. As will be described below in connection 
with the description of FIG. 3, counter 10 keeps static ac 
count, for each input pulse packet, of the number of pulses 
which have been passed through divider 12. 

Preselected stages of counter 10 are connected to a logic 
circuit or encoder 14. As will also be described below in the 
discussion of FIGS. 3 and 4, encoder 14 comprises a plurality 
of NAND or other suitable logic gates. The particular num 
bers to which encoder 14 will be responsive will be predeter 
mined and, again considering utilization of the present inven 
tion in a turbine engine fuel control, these numbers will be 
commensurate with predetermined speed magnitudes which 
require nonlinear adjustment of the maximum fuel delivery 
rate. 

The output of encoder 14 will be a plurality of control 
signals which are applied to binary divider 12. These control 
signals, in the manner to be described below, determine the 
factor by which the number of pulses comprising each input 
pulse packet is divided before being delivered to an output 
counter 16. Accordingly, the number loaded into output 
counter 16 will vary non-linearly with the input signal in ac 
cordance with a schedule determined by the interconnection 
of encoder 14 and input counter 10. 
The number No loaded into counter 16 will be a nonlinear 

function of the input number N,. A typical nonlinear function 
is depicted by the solid line in FIG. 2. The broken line in FIG. 
2 represents the linear function which would result from the 
application of the input signal directly to output counter 16. 
Counter 16 will have parallel readout and the number in 
counter 16 will typically be periodically sampled and em 
ployed for the desired control purposes. Again considering the 
digital fuel control application, the number in counter 16 
would be read out to schedule the maximum permissible fuel 
flow at that engine operating point. 

Referring now to FIG. 3, an input signal commensurate with 
the independent variable will be applied to a ?rst input of 
AND-gate 20. The input will typically be a pulse width modu 
lated signal; the duration of the input pulses being related to 
the magnitude of the sensed parameter. A high-frequency 
pulse train generated by an oscillator or clock 22 is applied to 
the second input of gate 20. Accordingly, gate 20 will pass a 
packet of pulses from clock 22 during the ‘periods when an 
input signal pulse is applied thereto; the number of pulses in 
each packet being proportional to the instantaneous value of 
vehicle speed in the fuel control acceleration flow scheduling 
application. 
The pulse width modulated input signals are also applied to 

a one shot or monostable multivibrator 24. Multivibrator 24 is 
responsive to the leading edge of each input pulse and 
generates reset pulses which are applied to the reset terminals 
of counters 10 16. The response of multivibrator 24 is suffi 
ciently fast so that none of the clock pulses passed by gate 20 
will be lost. 
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The pulse packet appearing at the output of AND-gate 20 
will be applied to counter 10 and to binary divider 12. Counter 
10, as noted above, is a binary counter which will have the 
necessary capacity. A typical eleven bit counter which may be 
employed in the present invention comprises three Signetics 
Corporation type S8281 four-bit binary counters suitably in 
terconnected. 
As noted above, encoder 14 may comprise a plurality of 

NAND gates. In the embodiment being described, four gates 
30, 32, 34 and 36 are employed. These NAND gates, which 
will typically be Signetics Corporation type S8417, are con 
nected to preselected stages of counter 10. As a result of the 
selection of which counter stages are connected to the inputs 
of gates 30, 32, 34 and 36, each of these gates will sense when 
the counter has been ?lled to a preselected, different binary 
number. Gates 30, 32, 34 and 36 will, in the manner known in 
the art, each provide a control signal which will be delivered 
to binary divider 12 and employed in the manner to be 
described below. 
As noted ‘above, the pulse packet passed by gate 20 is 

delivered to binary divider 12 where each pulse in the packet 
triggers one shot multivibrator 40. The packet of clock pulses 
delivered to divider 12 is also applied as the input to a division 
network comprising series connected bistable multivibrator 
circuits 42, 44 and 46. The division of a binary input signal by 
means of series connected bistable circuits is a technique well 
known in the art. The input pulse train is applied to mul 
tivibrator 42 which produces an output signal for every second 
input pulse. The output signals from multivibrator 42 are ap 
plied as the the input to multivibrator 44 and also as the con 
trol signal to a one shot multivibrator 48. In response to the 
applied input, bistable multivibrator 44 will provide an output 
signal commensurate with every fourth pulse in the packet ap 
plied to divider 12. The output pulses from bistable mul 
tivibrator 44 are applied as the input to bistable multivibrator 
46 and also as the control signal for a one shot multivibrator 
50. Bistable multivibrator 46 will provide an output pulse, 
commensurate with every eighth pulse in the input pulse 
packet, which controls a one shot multivibrator S2. The use of 
one shot multivibrators 40, 48, 50 and 52 is in theinterest of 
insuring that the output pulses resulting from the division of 
the input pulse train will be displaced in time from one 
another. The one shot multivibrators provided against over 
lapping in time of the pulses resulting from the switching of 
bistable multivibrators 42, 44 and 46. 

Binary divider 12 also comprises AND-gates 54, 56, 58 and 
60. Each of these AND gates has a first or enabling input con 
nected to the respective one of the NAND gates comprising 
encoder 14. The second input to each of the AND gates in di 
vider 12 is connected to a respective one shot multivibrator. 
The pulses generated by one shot multivibrators 40, 48, 50 
and 52 will be passed to a summing circuit 62, which will com 
prise an OR gate, and thence to output counter 16 only when 
the respective AND-gates 54, 56, 58 and 60 are enabled by 
control signals from encoder 14. Thus, through programming 
the gates comprising encoder 14 to be responsive to 
preselected numbers loaded into counter 10, the pulses 
generated by the divider circuit comprising the combination 
of bistable and one shot multivibrators will be summed in a 
predetermined manner to provide an output binary signal 
commensurate with the desired output signal scheduling. This 
may result in the example curve depicted in FIG. 2 wherein 
the various changes in slope of the curve are commensurate 
with the enabling of an additional one or combination of AND 
gates 54, 56, 58 and 60. Thus, considering jointly FIGS. 2 and 
3, only AND-gate 60 will initially be enabled and the input 
pulse packets will be divided by a factor of eight before being 
applied to output counter 16. As counter 10 is ?lled, in the 
manner described above, the AND-gates 54, 56, 58 and 60 
will be enabled and disabled whereby the curve of FIG. 2 will 
be produced. The steepest portion of the output schedule will, 
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of course, be achieved when all four AND gates in divider 12 
are enabled. Between the extremes of only gate 60 being ena 
bled and all four gates being enabled are a substantial number 
of possibilities which will generate different output pulse rates 
during the sampling of each input pulse packet. 

FIG. 4 depicts a second embodiment of the function genera 
tor of the present invention. The embodiment of FIG. 4 differs 
from the embodiment of FIGS. 1 and 3, as described above,_ 
only with respect to the method of dividing pulses comprising 
'the packet delivered to increment counter 10. Thus, in the 
embodiment of FIG. 4, the ?rst three stages of counter 10 
serve the dual functions of counter stages and portions of a se 
ries connected bistable circuit division network. This dual use 
of a binary counter is a technique well known in the art and 
permits the circuit simpli?cation whereby bistable multivibra 
tors 42, 44 and 46 of the FIG. 3 embodiment are not employed 
in the FIG. 4 embodiment. The embodiment of FIG. 4, how 
ever, functions in the identical manner as the embodiment of 
FIG. 3. 
While a preferred embodiment has been shown and 

described, various modifications and substitutions may be 
made thereto without departing from the spirit and scope of 
the present invention. Accordingly, it is to be understood that 
the present invention has been described by way of illustration 
and not limitation. 
What is claimed is: 
l. A digital function generator comprising: 
counter means for receiving and counting input pulses com— 

prising pulse packets commensurate with a monitored 
variable, said counter means providing a plurality of out 
put signals commensurate with the number of input pul 
ses received; 

frequency divider means responsive to the input pulses for 
generating a plurality of output signals at a plurality of 
frequencies below the input pulse frequency; 

scheduling means connected to said counter means and 
responsive to selected of said counter means output 
signals for generating gating control signals commensu 
rate therewith; and 

gate means connected to said scheduling means and con 
trolled thereby, said gate means also being connected to 
said frequency divider means whereby a signal at a 
frequency determined by the incremental position of the 
input pulses in said counter means will be passed to an 
output terminal. ‘ 

2. The apparatus of claim 1 wherein said counter means 
comprises: ‘ 

a binary counter having serial input and parallel output. 
3. The apparatus of claim 3 wherein said scheduling means 

comprises: a plurality of gate circuits. 
4. The apparatus of claim 3 further comprising: 
means connected to receive the signals passed by said gate 
means for summing said signals at different frequencies. 

5. The apparatus of claim 4 wherein said frequency divider 
means for generating a plurality of signals at a plurality of 
frequencies comprises: 

binary divider means. 
6. A method of generating, from electrical input pulses at a 

?rst frequency, an arbitrary digital function comprising the 
steps of: 

counting the number of electrical input pulses received dur 
ing a sampling period; 

simultaneously dividing the input pulse frequency to pro 
vide a plurality of signals at di?‘ering frequencies; and 

selecting the instantaneous output frequency, from at least 
one of those signals produced by dividing the input 
frequency, as a function of the incremental position of the 
last counted input pulse. 

7. The process of claim 7 further comprising: 
counting a number of electrical pulses commensurate with 

the output frequency selected. 
* * it it =l< 
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