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STEPPER MOTOR THROTTLE CONTROLLER . 

Background of the Invention 

1. Field of the Inyention 

The invention relates to internal combustion engine 

controllers and in particular to an engine speed controller 

5 employing an electro-mechanical actuator. 

2. Background of the Art , 

The precise speed control of internal combustion 

engines is desired for many applicationa but is 

particularly important when such engines are used to drive 

.. 

10 AC generators. The speed of the engine determines the 

frequency of· the generated power · a·nd many AC . powered 

electrical devices require accurately regulated frequency." 

In addition, this accurate. speed .control.must be maintained. 

under rapid.load variations· which may·result from nearly 

15 instantaneous change·s in the consumption of electrical 

power from the generator. · Variation in engine speed wit.h 

change in engine load is termed "droop". 

Engine speed control may be performed by a number of 

methods. A mechanical governor may sense the rotational 

20 speed of the engine and open or close the throttle to 

regulate the engine speed in response to imputed load 

changes. Such mechanical control has the advantage of 

being relatively inexpensive, but may allow substantial 

droop during normal load variations. 
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More sophisticated engine speed control may be 

realized by sensing engine speed electrically and using ·an 

an electro-mechanical actuator connected to the throttle to 

change the throttle position. 

Typically, the electro-mechanical actuator is a linear 

or rotary actuator. As the names imply, a linear actuator 

has a control shaft which extends from the body of the 

actuator and moves "linearly by a distance proportional to 

the magnitude of a current or voltage applied to-the 

10 actuator. A rotary actuator has a shaft which rotates by 

an angle proportional to the magnitude of the applied 

current or voltage. In both actuators, a spring re~urns 

the shaft to a zero or "home" position when no voltage or 

current is applied to the actuator. The power consumed by 

15 these actuators is increased by this return spring whose 

force must be constantly overcome. 

The pow~r required by the use of a return spri~g 

increases the cost and weight of a throttle control using a 

linear or rotary actuator. For this reason, it is known to 

20 use a bidirectional stepper motor in place of a linear or 

rotary actuator for the purpose of electronic engine 

control. 

A bidirectional stepper motor is an electro-mechanical 

device that moves a predetermined angular amount and 

25 direction in response to the sequential energizing of its 

windings. With such>a bidirectional stepper motor, the 
.. ,,.· 
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return spring may be omitted or made weaker allowing the 

use of a smaller motor with equivalent or better dynamic 

properties than the linear or rotary actuators. 

The use of a lower powered bidirectional stepper motor 

5 typically requires that a position sensing device be 

attached directly to the throttle. The reason for this is 

that the stepper motor may have an arbitrary orientation 

when its power is first applied and hence the position 

sensing device is necessary to provide an absolute 

10 indication of the throttle position. Such position sensing 

devices add complexity to the throttle and increase its 

cost. 

summary of the Invent.ion 

The present invention employs a counter-to create a 

15 virtual throttle _position that may be used in a control 

loop in .lieu of actual position feedback •• Specifically, a 

oscillator produces a periodic clock signal which feeds a 

seque~cer. The sequencer also receives a direction signal 

which together with the periodic clock signal instructs the 
. 

20 sequencer to move a stepper motor attached to a throttle in 

an indicated direction for a predetermined number of steps. 

An up/down counter also receives the direction and clock 

signal and produces a digital word .updated in the direction 

indicated by the direction signal and clocked by the clock 

25 signal. This digital word is compared to an electric 

1iiH[iii~, 
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throttle control signal by a comparator to produce the 

direction signal. -Thus, the throttle moves in response to 

the electric control sig~al. In one embodiment, the 

electric control signal is an analog voltage and the output 

5 of the counter is first convert-ed to an analog voltage 

output by an digital to analog converter. 

It is one object of the invention, therefore, to 

provide a means of incorporating a stepper motor into a 

closed loop control system without the need for expensiv~ 

10 and trouble prone posit-ion feedback sensors on the 

throttle. The up/down counter provide·s a virtual throttle 

position that may be used in a control loop in lieu of 

· actual position feedback·. 

A decoder circuit may be associated with the up/down 

15 counter for detecting an overflow/underflow condition and 

setting the.state of· the up/down·counter to a non 

overflow/underflow state.· 

It is thus another object·· of the invention to avoid 

control discontinuities resulting from overflows and 

20 underflows of the up/down counter when using an up/down 

counter to calculate a virtual throttle position. 

The engine controller includes an engine speed sensor 

for producing a speed signal proportional to engine speed. 

A virtual throttle positioning circuit receives this speed 

25 signal and integrates the difference between a speed 

reference and this speed signal to produce a target 

· 11111iiili1nr 
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throttle position signal. The stepper motor is moved in a 

direction that reduces the· difference between the target 

throttle position and the virtual throttle position. 

It is another object .of the invention, to produce a 

5 controller suitable for use with an electro-mechanical 

actuator, such as a stepper motor, that does not start at a 

known "home" position. The virtual throttle positioning 

circuit ensures that the stepper motor will move in the 

correct direction.to control the throttle even if the 

10 absolute position of the stepper motor is not known. The 

·lack of a known "home". position of the stepper motor is 

thus accommodated. -

The integrator may include- a bypass means for changing 

the integrator time constant-in response to certain 

15 predetermined engine conditions; such as start up, when the 

response of the virtual throttle positioning circuit must 

be increased. 

It is thus· a further object of the invention to permit 

the use of an integrator in the control system without 

20 degrading the system perfo~ance under such engine 

conditions. 

The speed signal from the engine may be produced by a 

variable reluctance sensor reading the passage of teeth on 

a gear. The periodically varying signal produced by the 

25 sensor is received by a slope detector circuit which 

produces a digital timing signal. 
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It is yet another object of the invention to provide a 

means of detecting engine speed in the presence of stray 

magnetic fields associated with the engine which may bias 

the periodically varying signal up or down. The use of a 

5 slope detector provides a high degree of immunity to such 

biasing effects. 

Other objects and advantages besides those discussed 

above will be apparent to those skil·led in the art from the 

description of a preferred embodiment of the invention 

10 which follows. In the description, reference is made to 

the accompanying drawings, whlch form a: pa·rt hereof, and 

which illustrate one example of the invention. Such 

example, however, is not ··exn.austive of· the various 

alternative forms of .the 1nvention, and therefore reference 

15 is made to the claims which follow the description for 

determining "the full scope of the invention. 

Brief Description of the Drawings 

Fig. 1 is a perspective view of a throttle for an 

internal combustion engine with portions cut away to reveal 

20 the throttle plate and shaft, and showing the_ direct 

connection of the stepper motor to the throttle; 

Fig. 2 is a block diagram of throttle control 

circuitry suitable for use with the stepper motor and 

throttle of Fig. 1; 

-6-



., ., 
., , 

'I • I •t -\ I' t 

, . I 1 

Fig. 3 is a detailed schematic of the magnetic pickup 

circuitry of Fig. 2; 

Fig. 4 is a detailed schematic of the differential 

integrator and associated start up bypass of the throttle 

5 control circuitry of Fig. 2 showing the adjustment of the 

differential integrator for starting conditions; and 

Fig. 5 is a detailed schematic of the interconnection 

of an up/down counter, decoder, and DAC of the throttle 

control circuitry of Fig. 2 showing the generation of an 

10 analog "virtual throttle position" and showing the use of 

the decoder t~ prevent "wrap. arou.nd" errors. 

Descripi;ion ·of the.Preferred Embodiment. 

' . 
Referring to Figure 1, a carburetor 10 such as used 

with an 18 HP ·1800 RPM gasoline engine contains a 

15 cylindrical throat 12 for mixing and guiding a mixture of 

air and gas"oline to the intake manifold (riot shown) . 

Within the throat 12 of the carburetor 10 is a disc-shaped 

throttle plate 14 mounted on a throttle shaft 16 so as to 

rotate the throttle plate 14 about a radial axis by 90° to 

20 open and close the throat 12 to air and gasoline flow. The 

shaft 16 is guided in its rotation by holes 18 in opposing 

walls of the throat 12 and the shaft 16 extends outside of 

the throat 12 through one such hole 18' so as to be 

externally accessible. The outward extending end of the 

25 shaft 16 is connected to a coupling 20 which in turn 
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connects the shaft 16 to a coaxial shaft 22 of a stepper 

motor 24. The shaft 16 also supports a stop arm 26 

extending radially from the shaft 16 and carrying an idle 

adjusting screw 28 facing circumferentially with respect to 

5 motion of the stop arm 26. The stop arm 26 serves to limit 

the rotation of the shaft 16 and throttle plate 14 within 

the throat 12 to control the idle and maximum opening of 

the carburetor 10, as is· generally understood in the art. 

The idle speed .may be adjusted by means of idle adjusting 

10 screw 28. 

The stepper motor·24 is affixed to the. carburetor 10 

by means .of a.mounting bracket 30 which ori~nts.the stepper 

motor 24 so that its .shaft 22 is coaxial with ~he throttle 

shaft 16 as described above. During assembly, the relative · 

15 rotational position· of· the stepper motor 24 and throttle 

plate 14 need not be known. Thus, the need for careful 

alignment during manufacturing is avoided, as_ will be 

discussed below. 

The stepper motor 24 is of a bidirectional design 

20 capable of stepping continuously in either direction with 

an angular resolution of 1.8° per step. The stepper motor 

24 contains two windings. controlled by four electrical 

leads 32 which may be independently connected with 

electrical power in a predetermined sequence to cause the 

25 stepper motor 24 to step by a predetermined amount. It 

-8-
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will be apparent from ~he following discussion that other 

such stepper motors 24 may also be used. 

It should be noted that no return spring is employed 

with the stepper motor 24 and hence the stepper motor 24 

5 need only overcome the forces on the throttle shaft 16 

resulting from pressure on the throttle plate 14 from air 

flow and the minimal resistance ·of friction between the 

throttle shaft 16 and the holes 18 in the throat 12. 

Accordingly, the stepper motor 24 may be less expensive and 

10 lighter than a comparable linea;r ()~ rotary actuator. The 

speed of commercially available- stepper motors 24 is 

dependant in part on the- stepping resolution. Accordingly, 

there· is a trade-off between throt·tle response time and 

positioning accuracy. As will be understood to one of 

15 ordinary skill in the· art, depending on the application, 

stepper motors 24 having different numbers. of steps per 

revolut.ion and revolutions per seconq ~ay be selected to· 

tailor the stepper motor 24 to the requirements of accuracy 

and speed. 

20 The direct coupling of the stepper shaft 22 t<:> the 

25 

throttle shaft 16, provides an improved transfer of torque 

between the stepper motor 24 the throttle shaft 16, however 

other connection methods may be used such as a four bar 

linkage as is generally known in the art. 

As mentioned, the stepper motor 24 may start at any 

position and without a position sensor there is no 
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indication of the current position of shaft 22 of the 

stepper motor 24. This lack of a fixed "home" position of 

stepper motor 24 simplifies manufacture of the carburetor 

because rotational alignment of the stepper shaft 22 and 

5 the throttle shaft 16 is not necessary. However, this 

feature of stepper motors 24 requires that special throttle 

controller circuitry be used. 

Referring· to Figures 2.and 3, an engine controller 

receives information on.the speed of the engine 37 from~ 

10 magnetic pick-up ."circuit . 34 associated with a ring gear 43 

on the engine flywheel. The magnetic pickup-circuit 34 

includes a.variable rel~ctance type sensor ~20 which 

produces a signal having a p~~iodic waveform with a . . 

·frequency proportional to the speed of the engine 37. 

15 Variable reluctance sensors ·operate generally by 

sensing changes in magnetic flux produced by the passage of 

magnetically permeable· materials-and therefore are 

sensitive also to external magnetic field$ such as those 

produ~ed by moving_ magnets associated with_an engine 

20 magneto system or the generC!-tor itself. It has been 

determined that the signal produced by the sensor l20 may 

be off set by a significant voltage generated by the 

external field from magnets associated with the engine. 

This off set prevents the use of a simple comparator circuit 

25 to produce a reliable digital frequency signal from the 

sensor 120 signal. 

' 
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For this reason, the sensor 120 signal is converted to 

a digital pulse train by means of a slope detecting circuit 

in the magnetic pickup circuit 34. Referring to Figure 3, 

one iead of the variable reluctance sensor 120 is biased to 

5 a baseline voltage by resistors 122 and 124 connected 

together in a voltage divider configuration. The signal 

from the other lead of the sensor 120 is then clipped by 

series resistor 128 follow~~ b¥ zener:. diode 130 to ground. 

The clipped signal is received by series resistor 129 and . .. .. 
10 biased to a reference vol~age by resistors 132 and 134 also 

connected together in a voltage diyider configuration. The 

now biased and truncated. signal_ is received by the non­

inverting input of comparator 142 through resistor 136 and 

received by the inverting input of comparator 142 through a 

15 differentiator constructed of series resistor 138 followed 

by capacitor 140 to ground. The time constant of the 

differentiator will depe~_d on ~~e expected range of the 

frequency of the signal from sensor 120. The series 

resistor 129 together with resistors 132 ~nd 134 prevent 

20 the non-inverting input of the comp~rator 142 fro~ 

receiving a negative voltage with respect to grou~d. 

The output of the comparator 142 is thus dependent on 

the slope of the truncated and biased signal rather than 

the absolute level of this signal and hence the effects of 

25 baseline offsets in the sensor 120 signal caused· by. ambient 

magnetic fields are eliminated. Although the variable 
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reluctance sensor 120 is preferred, other engine speed 

sensors may also be used incl~ding optical pickups that 

respond to patterns on rotating engine components. 

Alternatively, an electric signal may be derived directly 

5 from the ignition circuitry~ 

The output of the magnetic pick-up circuit 34 is thus 

a pulse train produced by comparator 142 with a frequency 

that is equal to that of the signal from the sensor 120. 

Referring again to Figure 2, this-output is received by~ 

10 frequency-to-voltage converter 36 which produces a voltage 

inversely proportional to the engine- speed and offset by a 

speed adjust voltage_ from potentiometer 38. Higher 

voltages output from the frequency-to-voltage converter 36 

thus indicate lower engine speeds. 

15 The signal from the magnetic pickup circuit 34 is 

received also by a loss-of-signal d~tector 39 which 

compares _the- average of the signal_ to.a predetermined 

threshold ~o determine if there has been a failure of the 

sensor 120 or a break in the connecting wiring. If the 

20 signal level is below the predetermined threshold, then the· 

loss-of-signal detector 39 increases the output of the 

.frequency-to-voltage converter 36 to the supply voltage. 

This causes the control loop, to be described, to close the 

throttle, slowing the engine down. This loss-of-signal 

25 detector 39 is bypassed for a fixed time during the initial 

starting of the engine to prevent its overriding of the 

-12-
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frequency-to-voltage converter 36 when the engine is first 

started. The bypassing circuit 40 is a resistor capacitor 

time delay triggered by the application of power to the 

c~ntrol circuitry, as will be understood by one of ordinary 

5 skill in the art • 

The voltage produced by the frequency-to-voltage 

converter 36 is attenuated by a gain block 41 and received 

by the non-inverting input of a differential integrator 42. 

The differential integrator 42·produces a rising or falli~g 

10 waveform of voltage depending on whether the . voltage from 

the frequency-to~voltage ·convert.er 36 is above or below a 

reference value applied to the inverting input of the 

differential·inteqrator 42 as will be explained. The 

output from the differential integrator 42 is filtered by 

15 low-pass filter 44 to reduce noise and for stability 

reasons and this signal; termed the "target throttle 

position" is applied both to the positive input of .a 

comparator 46 and tothe input of a high pass filter 48. 

T~e output of the high pass filter 48 is summed with a 

20 reference voltage 50 which then provides the reference 

value applied to the inverting input to the differential 

integrator 42. The purpose of the high pass filter 48 is 

to improve the stability of the control loop as will be 

understood to those of ordinary skill in the art.· The 

25 output of the frequency to voltage converter 36 may be 

off set by either changing the speed adjust 38 or the 
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reference voltage 50. Generally, the reference voltage 50 

is fixed at the time of manufacture and the speed adjust 38 

is available to the user. 

The slew rate of the voltage waveform produced by the 

5 differential integrator 42 is a function of the integrator 

time constant and generally. fixes that maximum rate of 

change in the position of the throttle plate· 14. During 

the starting of the engine, when the rate of change of the 

engine speed and the position of the throttle plate 14 is·~ 

10 large, the time constant is reduced to zero. This is 

accomplished by a start-up bypass circuit 52 similar to the 

one used with the loss-of-signal detector 39 For .a 

predetermined time after the engine is ·started, the time 

constant of the differential integrator 42 is held at zero, 

15 after which it·returns to its·predetermined value. 

Referring to Figure 4, the differential integrator 42 

is comprised of an operational amplifier 54 having an 

integrating capacitor 56 connected in a feedback p~th from 

the output of the operational amplifier 54 to its inverting 

20 input and an input resistor 58 tied to its inverting input, 

so as to integrate current.though input resistor 58, as is 

known in the art. The integrating capacitor 56, together 

with the input resistor 58 determines the time constant of 

the differential integrator 42. 
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Also connected to the inverting input of .operational 

amplifier 54 is the input from high pass filter 48 as ha~ 

been described. 

The input resistor 58 is shunted by a solid state 

5 switch 60 which when closed, shorts the input resistance· 58 

to create essentially zero input resistance and hence a 

time constant of zero. The solid state switch 60 is 

controlled by a timing circuit in the start up byp·ass 52 

comprised of ·a capacitor 62 with one end connected to the 

10 power supply line for the engine controller, and the other 

end . connected through a resistor 64 to ground·. The control 

line of the switch 60 is attached to the junction between 

the capacitor 62 and the resistor· 64. When· the engine is 

first started arid the ·power to the engine controller is 

15 turned on, the power supply voltage is applied to one end 

of the capacitor· 62. Instantaneously, the junction between 

the capacitor 62 and the resistor 64 is raised to the· 

supply voltage and the switch 60 is closed disabling the 

time constant of the differential integrator 42 as 

20 described. Resistor 64 then. discharges capacitor 62 

opening switch 60 and increasing the time constant to the 

value determined by input resistor 58 .and capacitor 56. 

The non-inverting ~nput of the operational amplifier 

54 is connected to the center tap of potentiometer 45 

25 within gain block 41 which receives the signal from the 

frequency to voltage converter 36 on one end tap. The 

! 
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remaininq tap is connected to the junction of J;ef erence 50 

and input resistor 58, through a resistor 53, to provide 

the current integrated by the operational ampli~ier 54. 

Referring: again to_Fiqure 2, the output from the low-

s pass filter 44 following the differential integrator 42 

provides a target throttle position and is input to.the 

non-invertinq i~put of comparator 46 where it is compared 

to a "virtual throttle position" which will be described 

further below. The comparator 46 produces a binary digit~! 

10 siqnal, termed the direction signal, which is positive if 
. . 

the target throttfe position signal is greater than the 

virtual throttle position signal" and zero if the reverse is 

true. 

A stepper sequence controller.66 accepts this 

15 direction signal as its direction input. The stepper 

sequence controller 66 also ·has a step --input which is 

connected to ·a free runninq oscillator 68 which produces a 

stream of continuous step pulses. The stepper sequence. 

controller 66 processes the direction input and the step 

20 input and produces the correct winding current for the 

stepper motor 24 to move the stepper motor shaft 22 in the 

direction of the direction input by the number of steps 

received at the step input. The stepper motor 24 thus 

steps constantly, but as will be understood from the 

25 following discussion, the virtual throttle position moves 

with the stepping of the stepper motor 24 and hence if the 

-16-
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target throttle position is near the virtual throttle 

position, the direction __ signal will constantly change and · 

the stepper motor 24 will step back and forth near the 

desired throttle position thus tracking the voltage 

5 produced by the differential integrator 42. The stepping 

back and forth of the stepper motor 24 produces an average 

throttle 14 opening halfway bet~een each pair of step 

positions and eliminates.position error that would result 

from incorporation of a "dead band" circuit to suppress -

10 stepping of the stepper motor. 24 for- throttle position 

errors of several steps. The constantly stepping stepper 

motor 24 also reduces the complexity of the throttle 

controller. 

The virtual throttle position is produced by tallying 

15 the number of steps and the direction of the steps. This 

is done by means of an up/down.counter 70 having its clock 

input connec;:ted .to the clock-signal from the _free running 

oscillator 68 and the up/down line cqnnected to the 

direct.ion signal from the comparator 46.. The up/down line 

20 is also received by the sequencer circuit 66 which in turn 

rotates the stepper motor 24 and throttle plate 14 in the 

proper direction and by the proper .number of steps. The 

digital word output by the up/down counter 70 is converted 

into the analog virtual throttle position by an analog-to-

25 digital converter 72 and the virtual throttle position 

-17-
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signal is connected to the inverting input.of comparator 46 

as previously described. 

The initial position of the stepper·motor shaft 16 and 

hence the initial position of the throttle plate 14, as 

5.· mentioned, is not known. This.raises two problems: 

The first is that the output of the up/down counter 70 

may "wrap around", that is overflow or underflow while the 

throttle plate 14 is positioned. within its range of travel 

prior to the its reaching either the fully open or the 

10 fully closed position. This wrap around will abruptly 

change the virtual throttle position signal by the full 

range of the output of the up/down counter 70 causing a 

disruption of the engine control .loop~ _ -

The second-problem is that there is no correlation 

15 between the virtual throttl~ position and the actual 

throttle position when the circuit is first energized 

because of·the-characteristics of the stepper motor 24 

previously descriQed. 

The wrap around problem is addressed by means of 

20 decoder 74 which detects incipient overflow and underflow 

of the up/down counter 70 and resets the up/down counter 70 · 
. . . 

to a state prior to incipient overflow or underflow state. 

This resetting is continued until the direction of the step 

is reversed and the up/down counter 70 moves away from the 

25 overflow or underflow condition without intervention by the 

decoder 74. 
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Referring to Figure S, the up/down counter 70 

comprises two four bit up/down counters 76 and 78 connected 

by means of the carry in .and carry out lines to form the 

single. 8 bit synchronous up/down counter 70 having binary 

5 outputs 1, 2, 4, 8 ••• 128. Counter 76 provides the least 

significant four bits and counter 78 provides the most 

significant four bits. The up/down counter 70 is clocked 

by the clock signal and the direction of the count is 

determined by the direction signal attached to the up/down 

10 input of the counters 76 and.78. The outputs of the 

counters 76 and 78 drive a resistor ladder 80 which forms 

the digital-to-analog converter 72 and creates the analog 

virtual throttle position signal as has been described 

The 2, 4, 8 and 16 binary outputs of counters 76 and 

15 78 are connected to the inputs of a fo~r input AND gate 82 

of decoder 74. The output of the AND gate 82 together with 

binary outputs 32, 64 and 128 of counter 78 are connected 

t_o the inputs of four input AND gate 84. The output of AND 

gate 84, therefore, is high if the binary output of the 

20 counters 76 and 78 are at 1111 lllx, termed the overflow 

.condition (where x indicates a don't care state per 

standard convention). 

The seven most significant binary outputs. of the 

counters 76 and 78 are also inverted by inverters 90 and 

· 25 connected in a similar fashion to AND gates 86 and 88 to 

logically AND the seven outputs. 

-19-
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will be high if the binary output of the counters is at 

0000 OOOx, termed the underflow state. 

The overflow and underflow signals from AND gates 84 

and 88 are input to D flip-flops 92 and 94, respectively, 

_where they are clocked by the clock signal to the outputs 

of the D flip-flops 92 and 94 respectively to properly 

synchronize them with the counters 78 and 76 as will be 

described. The synchronized overflow and underflow signals 

from the outputs of D flip-flops 92 and 94 are input to OR 

10 · gate 96 whose output is used to drive the preset enable 
. . .. 

input to counter 75 associated with the least significant 

outputs of the up/down counter 70. The underflow signal is 

connected through a resistor/capacitor time delay network 

98 to the- 1 and 2 preset inputs of counter 7 6. The 

15 overflow signal is connected through a resistor/capacitor 

time delay network 100 to the 4 and 8 preset inputs of 

counter 76. 

If an underflow condition has been detected, the 

preset enable input of counter 76 is activated, the preset 

20 inputs l and 2 are held hig}?. by the underflow signal, and 

the preset enable lines 4 and 8 are held low by the 

overflow signal to force the outputs l and 2 of the counter 

76 high and the outputs 4 and 8 of the counter 76 low. 

Thus the incipient underflow condition 0000 OOOx of counter 

25 76 is forced to 0000 0011. This prevents underflow of 

counter 76 if the next clock signal is associated with the 
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down counting direction. If the direction_ line remains in 

the down counting direction, the counter 76 will simply 

toggle between 0000 OOOx and 0000 0011 without wrapping 
- . 

around. 

Conversely, if an overflow condition·has been 

detected, the preset enable input of counter 76 is 

activated, the preset inputs l and 2 are held low and the 

presets 4 and 8 are held high by the overflow signal from 

D-f lip-flop 94 to fQrce the outputs 1 and 2 of the counte~ 

10 76 low and the outputs 4 and 8 of the counter 76 high. 

Thus the incipient overflow condition 1111 lllx of counter 

16 is forced to 1111 1100. This prevents overflow if the 

next steps signal is associated with a the up counting 

direction. Again, if the direction line remains in the up 

15 counting state, the counter 76 will simply toggle between 

1111 lllx and 1111 1100 without wrapping around. The 

action of the decoder 14 is thus to create a barrier 

preventing the up/down counter 70 from overflowing or 

underflowing during operation. 

20 It should be noted that even though the up/down 

counter 70 does not progress during an overflow or 

underflow state, the step pulses are still moving the 

·stepper motor 24 thus bringing the stepper motor 24. and 

virtual throttle position from up/down counter 70 further 

2 5 into alignment. 

-21~ 
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Thus the second problem of using a stepper motor 24, 

that of reconciling the virtual throttle position to the 

actual throttle position, is solved for the situation where 

in the direction of the movement of the throttle plate 14, 

5 the virtual throttle position is ahead of the actual 

throttle position. In this case, the up/down counter 70 

ultimately reaches a wrap-around point and waits for the· 

stepper motor 24 and the actual throttle position to catch 

10 

up. 

In the converse si~uation where in the direction of~ 

throttle movement, th,e actual. throttle position leads the 

virtual throttle pQsition, the throttle shaft 16 will 

ultimately be restrained by stop arm 26 and the stepper 

motor 24 will stall until the virtual throttle position 

15 catches up with the actual throttle position. In either 

situation, the operation of the control circuitry is to 

reduce any initial difference between and the actual and 

the virtual throttle position so that the virtual throttle 

position provides and accurate representation of the 

20 position of the throttle plate 14 for use in feedback 

control. 

Referring to Figure 2, the throttle controller uses 

two principle feedback paths: the first is the signal from 

the magnetic pickup circuit 34 which feeds back a real time 

25 indication of the engine speed, and the second is the 

-22-
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up/down counter 70 which tracks, via virtual throttle 

position, any change in the target throttle position. 

Referring again to Figures 1 and 2, the elimination of 

the retraction spring, used in linear or rotary actuators, 

5 means that in the event of an electrical failure, for 

example, loss of battery power, the stepper motor 24 will 

not return the throttle plate 14 to a closed position as is 

desired. Accordingly, referring again to Figure 2, a fuel 

shutoff solenoid 102 is placed in the engine fuel line (qot 

10 shown) feeding the carburetor. This fuel shutoff solenoid 

102 is activated in the event that battery voltage is lost, 

as detected by a battery voltage loss detector 104, or if 

the speed voltage from the frequency-to-voltage converter 

36 indicates that the engine is running at or above a 

15 maximum predetermined speed as determined by ove.rspeed 

detector 106. Both the overspeed detector 106 and the 

battery voltage loss detector 104 are comprised of a 

20 

25 

comparator as is known in the art and are latched to 

prevent reactivation of the engine as engine speed drops. 

Components Appendix 

Description and Ref. No. 

Stepper sequence controller 66 

Counters 76,78 

Stepper motor 24 
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L297/l SGS Thomson 

CD4516 COS/MOS 
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Counter; Motorola 
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The above description has been that of a preferred 

embodiment of the present invention. It will occur to 

those.who practice the art that many modifications may 

be made without departinq from the spirit and scope of 

5 the invention. For example, the controller could be 

used with enqines without carburetors where the stepper 

motor controls the settinq of an injector pump or the 

like. Also, the speed adjust 38 could be remotely 

mounted and used to vary the enqine speed. In order to 

i"O apprise the public of the various embodiments that may 

fall within the scope of the invention, the followinq 

claims are made. 

This Sheet Has B 
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1. In an engine regulator for an internal. combustion 

engine having a stepper motor for controlling the flow rate 

of air and fuel in response to a electric control signal, a 

controller for providing step pulses to the stepper motor 

5 in response to the electric control signal, the controller 

comprising: 

an oscillator for producing a periodic clock signal; 

a sequencer.for receiving a direction and the clock 

signal for- producing step pulses ,. for moving the stepper 
. ·-· ·-

10 motor in a direction for a predetermined number of steps; 

15 

an up/down counter for receiving the direction and 

clock signals and producing ·a-digital word updated in the 

direction in~icat~-~- ~Y.:t11~ -dir.~_9tion .signal and in amount 
··- .· -- ··----· - . . ........ - ----··· ... . : 

by a number indicated by.the- clock signal;.and 

a comparator·· for compa:r.ing the digital ·word to the 

electric _control signal and producing the direction signal~ 

2. The regulator of claim 1 wherein the electric 

control signal is an analog signal and the comparator 

includes a digital to analog converter for converting the 

digital word to an analog position value· and wherein the 

5 comparator compares the analog position value to the 

electric control signal. 
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3. An engine regulator for an internal combustion 

engine having a stepper motor for controlling the flow rate 

of air and fuel in response to a electric control signal, a 

stepper motor controller comprising: 

a speed reference; 

an engine speed sensor-for producing a speed signal · 

proportional to engine speed; 

a virtual throttle positioning circuit comprising: 

an -integrator for integrating the difference 

between.the speed reference and the speed signal to 

produce an throttle position signal; 

a stepper motor sequencer for ·receiving an error 

signal and stepping the stepper motor to reduce the 

error signal; .. 

a movement tracking means responsive to the 

error signal for producing a vtrtual throttle 

position signal;_ 

a comparator means for producing the error 

signal from the virtual throttl~ position signal and 

the throttle position signal • 

. . This Sheet Ii 
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4. The stepper motor controller of claim 3 including 

an integrator bypass means for changing the integrator time 

constant in response to a predetermined engine condition. 

5. The stepper motor controller of claim 3 wherein 

the predetermined engine condition is the starting of the 

engine. 

6. The stepper motor controller of claim 3, including 

a fuel cut-off means for shutting off the fuel to the 

carburetor independently of. the throttle position if .there 

is a loss· of battery signal • 

. This Sheet Has Been Replaced 
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7. In engine regulator for an internal combustion 

engine having a stepper motor for controlling the flow rate 

of air and fuel, a stepper motor feedback system 

comprising: 

a free running oscillator for producing periodic clock 

signal; 

a sequencer for receiving a direction signal and the 

clock signal for producing step pulses for moving the 

stepper motor in a. direction_ f o.r. _a Pi::.ed~te;rmined number of 

steps; 
- ····-· .... - -

an up/down counter for receiving the direction signal 

and the clock signal and producing a digital word updated 

in the direction indicated by the direction signal and in 

the amount indicated by the clock signai; 

a decoder circuit.for detecting an overflow/underflow 

. digital word from.the up/down counter and setting the state 

of the up/down counter to a non· overflow/underflow state; 

and 

a comparator for comparing the digital word to.the 

20 electric . control signal and producing the direction signal. 

8. The stepper motor feedback system of claim 7 

wherein the periodic clock signal is continuous. 
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9. A magnetic pickup for providing an engine speed 

signal in the presence of a varying external magnetic field 

of a first frequency comprising: 

a gear means having periodically spaced magnetically 

5 permeable teeth for rotation by the engine; 

10 

a variable reluctance sensor for producing a 

periodically varying signal of a second frequency in 

response to passage of the teeth, the second frequency 

being higher than the first frequency; 

a slope detector circuit for receiving the 

periodically varying signal and for producing a digital 

timing signal in response to the slope of the periodically 

varying signal. 

10. The magnetic pickup of claim· 9 wherein the slope 

detector comprises: 

a differentiator for receiving the periodically 

varying signal and producing differentiated signal being 

5 the derivative thereof; 

a comparator having a non-inverting and .an inverting 

input and for receiving the periodically varying signal at 

one input and the differentiated signal at the other input 

and producing the digital timing signal at its output. 
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