'y

S
P
A
s a7
l;iﬁ-q_ o
T wr

Y e

A .

v - A} hl
[y
Al

T .

: Thxs Sheet Has Been Replaced '

(i

10

15

20

STEPPER MOTOR THROTTLE CONTROLLER .

1. Eield of the Invention

Background of the Invention

The invention relates to internal combustion engine

controllers and in particular to én engine Speed controller

employing an electro-mechanical actuator.

2. BRackground of the Art -

The precise speed control of internal combustion
engines is desired for many applications but is
particularly important when such engines are'used.to drive
AC generators. The speed of the engine'detenmines the
freqnency of the generated power and 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

instantaneous changes in the conSumption of electrical

power ffom_the genenefor.--veriafien”in engine'speed with
change in engine load is termed "droop”. .

Engine speed control may be performed by a number of
méethods. A mechanical governor may sense the rotational

speed of the engine and open or close_the'throttle to

‘regulate the engine speed in respdnse 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
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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 1mp1y, 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 :
actuator. A rotary actuator has a shaft which rotates by
an angle proportional to the magnitude of the applied
current or voltage. 1In both actuators, a spring returns
the shaft to a zero orw"hone; position when no voltage or
current is applied to the actuator. The power consumed by
these actuators is increased hy this return spring whose
force must be constantly overcome.

The power required by the use of a return spring
increases the cost and weight of a throttle control using a
linear or rotary actuator. For this reason, it is known to
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
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

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 arbitréry orientation
when its power is first applied and hence the position
sensing device is neéessary to provide an absolute

indication of the throttle position. Such position sensing

devices add complexity to the throttle and increase its

cost.
5 e L

The present invention employs a counter-to create a
virtual ﬁhrottle,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
séquégcer. The éequehcer also receives a directioh signal
which together with the periodic .clock signal'ihstructs the
sequencer to mofe a stepper motof'attached to a throttle in
an indicated direction for a predetermined number of steps.
An_up/down counter also recgiﬁes the direction and clock
signai and produces a digital wor&_updated in the direction

indicated by fhe direction signal and'clocked'by the clock

signal. This digital word is compared to an electric
_ _
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throttle control signal by a comparator to produce the
direction signal. . Thus, the throttle moves in response to
the electric éontrol signal. 1In one embodimént, the
electric éontrol signal is an analog volﬁage and the outpuﬁ
of the counter is first converted té an analog voltage
outpuf by an digital to analog convefter.

It is one object of the invéntibn, therefore, to
provide a means of incdrporatihg a stepper motor into a
closed loop.control system without the need for expensive
and trouble prone position feedback sensors on the
throttle. The up/down counter-providés a virtual throttle

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

‘actual positidn feedback.

A decoder circuit ﬁay be associated with the up/down
cdunter for detecting an overflow/uﬁderflow condition and
setting the state of the up/down counter to a non
overflow/underflow staté; |

It is thus anbther.objeét"of the invention to avoid
control discontinﬁities resulting from overflows and
underflows of the'up/dqwﬁ counter.when using an up/down
counter to calcuiate a virtuéi throtﬁle posi;ion.

The enéine controller inéludes an engine speed sensor
fo; producing a'speéd signal proportional to engine speed.

A virtual throttle.positioning circuit receives this Speed

signal and integrates the difference between a speed

reference and this speéd signal to produce a target

.. This Sheet Has Been Replaced - -4~
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throttle position signai. The'stepper motor is moved in a
direction that reduces the difference between the targete
throttle position and the virtual th;ottle position.

It is another object~of-the invention, to produce a
controiler'suitable for use with an electro-mechanical
actuator, such as a stepperlmotor, that does not start at a
known "home" position. The wvirtual throttle positioning
circuit ensures that'the stepper motor will move in the
correct direction.to control the throttle even if the :

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 integratof time cohstant-in response to certain
predetermined engine.conditions; such as start up, when the

response Offthe'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 withou£
degreding the system perfo;mance.under such engine
conditions. | | | |

The speed signal from the engine may be produced by a
variabie reluctance sensor reading the passage of teeth on
a gear. The periodically varying sigﬁal produced by the
sensor is received by a slope detector circuit which
produces a digital timing signal '«-_‘__,;__a______N;%

This Sheet Has Bee.
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It is yet another object of the invention to provide a
means of deﬁecﬁing engine spéed in the presence of stray
magnetic fields associatéd ﬁith the engine which may bias
thelﬁeriodicaliy vafying signal up or down. The use of a
slope detector provides a high dégree of immunity to such
biasing effects.

Other objects and advantagés besides those discussed
aboVe'will be apparent to thoée skilled in the art from the
description of a preférred embodiment of the invention
which follows. In the description, reference is madé.to
the accompanying drawings, which form a part hereof, and
which illustrate one example of the invention. Such
example, however, is not eéxhaustive of the va:ious
alternatiﬁe forms of the invention, and thHerefore reference
is made to the c;aiﬁS'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
internéi combustioﬁ engine with poftions cut away to reveal
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

ci#cuitry.suitable for use with the stepper.motor and

throttle of Fig. 1;

- This Sheet Has Been Rep laced
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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

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

differential integrator for starting conditions; and

Fig. 5 is a detailed_sohematic of the interconnection
of an up/down-counter, decode:,_and_DAC of the throtﬁle o
control circuitry of Fig. 2 showing the_generation of an
analog "virtual throttle'position" and showing the use oé

the decoder to prevent "wrap around” errors.

_ _ . _ |
Referring_to Figure 1, a carburetor 10 such as used
with an 18 HP 1800 RPM gasoline engine oontains a
cylindrical throat 12 for mixing'and guiding a mi#ture of
air and gasolzne to the intake manifold (niot shown) |
With;n 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

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

'externaily accessible. The outward extending end of the
shaft 16 is connected to a coupling 20 which in turn
I —
heet Has Been Replaced
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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 radiaily from the shaft 16 and earrYing an idle

adjusting screw 28 facing circumferentially with respect. to

-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 sdjusting

screw 28.

The stepper motor 24 is affixed to the carburetor 10

| by means of a mounting bracket 30 which erients the stepper

motor 24 so that its shaft 22 is coaxial w1th the throttle
shaft 16_as described above. During assembly, the relative”
setational 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. | o |

The stepper'motor 24 is of a bidirectiopal design
capable of stepping cohtinuously in either direction with
an angular resolution of 1.8° per step. The stepper motor
24 contains two ﬁindings'cohtrolled by four eleetrical

leads 32 which may be independently connected with

~electrical power in a predetermined sequence to cause the

 stepper motor 24 to step by a predetermined amount. It

-
:—-——-—“—' . 5.
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will be appareht from the following discussion that other
such stepper motors 24 may also be used.
- It should be noted that no return spring is employed

with'the-stgpper motor 24 and hence the stepper motor 24

~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 betwgen the
throttle shaft 16 and the holes 18 in the throat 12.
Accordingly, the stepper motor 24 may be 1ess.ex§ensive and
lighter than a comparable linear or rotary actuaﬁor. The
speed of commércially available!stepper motors 24 is
dependant in part oh the stepping resolution. Accordingly,
there is a trade?éff-between throttle-res?onse time and
positioning accuracy. As will be understood to.one of
ordinary skill in the art, depending on the application,
stepper motdrs 24 having different numbers of steps per
revolution and revolutigns per secohd may be Selected to
tailor the stepper moto:'24 to the :équirements 6f accuracy
and speed. N

The direct cpupling of the stepper shaft 22 to the

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

-9~ ' , - T}ns Sheet Has Been Rep
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indiéatioﬁ of the cur:ent'pdsition of shaft 22 of the
.stepper motor 24. This;lack of a.fixed "home™" position qf=
stepper motor 24 simpiifies manufacture of the carburetor
because rotational_alignment of the stepper shaft 22 and
the throttle shaft 16 is not necessary; Hoﬁever, this
feature of'stepper motors 24 requires that special throttle
controller circuitry be used.

Referring'té_Figufes 2 and 3, an engine controller
receives.information on.the speed of the engine 37 ffom a
magnetic pick-up.circuit 34 associated with a ring gear 43
on'the engine_flywheel. The magnetic pickup-circuit 34
includes a variable rélﬁctance type Senso: 120 which
produdes é signal_haéing a pg:iodic waveform with a
'freéﬁency proportibnal to the speed'of the engine 37.

| Variable reluctance sensors'operate generally by |
sensing changes in maghetic_flux produced by the passage of
magnetically permeéble-materials-and therefore are
sensitive also to external magnetic fields such as those
produqed by moving magnets associated with an engine
magﬁeto system or the geherator itself. It has been
determined that the Signal produced by the sensor 120 mﬁy
| be offset by a significant voltage generated by the
external field from magnets associated with the engine.
This offset prevents the use of_a simple comparatdr circuit
to ptoduce a'reliablefdigital frequency signal from the

sensor 120 signal. -

Tlns Sheet Has Been Rep
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For this reason, the sensor 120 signal is converted to
a digital pulse train by means of a slbpe.detecting gircuit
in the magnetié pickup circuit 34. Referring to Figure 3,
one lead of the variable reluctance sensor 120 is biééed to

a baseline voltage by resistors 122 and 124 connected.

- together in a voltage divider configuration. The signal

from the other lead of the senéor 120 is then clipped by
series resistor 128 followed by zener diode 130 to ground.
The clipped signal is received by series resistbr 129 anq
biased to a reference voltage by resistors 132 and 134 also
connected together in a voltage divider configuration, The
now biased and ﬁrun¢ated.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
differentiator constructed of series resistor 138 fqllowgd-
by capacitor 140 to ground. The time. constant of the
differentiator will depepﬁ:on.tpe expécted range of the

frequency of the signal from sensor 120. The series

 resistor 129 together with resistors 132 and 134 prevent

the non-inverting input of the.compgratot 142 from
receiving a negative voltége with respect to ground.

The output of the comparatof 142 is-fhus dependent on
the slqpe of the truncated and biased éignal rather than
the absélute level of this signal and hence the'gffects of

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 including optical pickups that
respond to patterns on rotating engine compohents.
Alternatively, an electric signal mey be deriyed directly
from the ignition circuitry. | | _

The output of the magnetic pick-up circuit 34 is thus
a pulse train:produced by comparator 142 with a frquency.z'
that is equal to that of the"signal from the sensor 120.
Referring agaih to Figure 2, this output is received by a
fiequency-to-veltage converter 36 which-éroduces a voitage
inversely proportionel to the engine speed ane effset by e
speed adjust voltage from potentiometer 38. Higher
voltages output from the frequency-to-voltage converter 36
thus indicate lower engine speeds.

The eignal from the magnetic pickﬁp circuit 34 is
received-also by a loss-of-signal detector 39 which -
- compares the average of the signal to.a. predetermined
threshold to determlne if there has been a failure of the
senso: 120 or a break in the connecting wiring., 1If the
signal level is below the predetermined threshold, then the
loss-of~signal detector 39 increases the'outpﬁt of the
freqﬁency-to-volﬁage converter'36'to the supply voltage.
This causes the cont;ol loop, to be-described, to cloee the _
'threttle, slowing the engine down. Tﬁis_loss-of-signal
detector 39 ie bypassed for a.fixed time'du:ing the initial

starting of the engine to prevent itS'overriding of the

-12- '_ ’[‘hlsSheetHaeBeeLR*
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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

control circuitry, as will be understood by one of ordinary

skill in the art.

Thé voltage produced by the frequency-to-voltage

 converte:'36 is attenuated by a gain block 41 and received

by the non-inverting input 6f a differential integratdr 42,
The differential integrator 42-produces a'rising.or falling
waveform of voltage dependihg on whether the.voltage from
the fréquency-toévoltage'COnvefter.36 is above or below a
reference value applied to the inverting input of the

diffe:ential‘integrator.42 as will be explained. The

output from the differential integrator 42 is filtered by

low-pass filter 44'tp.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 to the input of a high pass filter 48.

Thé output of the high pass filter 48 is summed with a
reference voltage 50 which then provides the reference

value applied to the inverting:input to the differential

integrator 42. The pufpose 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

output of the frequency'to voltage converter 36 may be

- offset by either chanéing the speed adjust 38 or the -

-13-. ‘This SheetHas BLCT” Replaced - -
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reference voltage 56. 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
different1a1 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 etarting of the engine, wheﬁ the rate of change of the
engiﬁe speed end the position of the throttle plete 14 is.
large, the time constant is reduced to zero. This'is
accomplished by a start-up bypass circui£ 52 similai to the
Qne used with the loss-of-~signal detector 39 For a
predetermined time after the engige is started, the time
constant of the differential integrator 42 is held at zero, .
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 path from
the output of the operational amplifier 54 to its inverting
input and an input resistor 58 tied to its.inverting input,
so as to integrate'cﬁrrent3though input resistor 58, as is
known in the art; The_integrating capaciﬁor 56, togethef

with the input resistor 58 determines the time constant of

the differential integrator 42.

R l!l!
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Also connected to the invefting input offoperational
amplifier 54 is the input from high pass filtet 48 as has
been described. |

The input resistor 58 is shunted by a solid state

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 Golis
controlled by a timing circuit in the start up bypass 52
comprised of-a capacitor 62awith one end connected to the;
power supply lineﬁfor the.engine controller, and the other
end.connected_through.a resistor 64 to ground. The control
line of the sﬁitch 60 is attached to the junction between.
the capacitor 62 and the resistor 64. When the engine is
first started and the'power'to the engine controller is
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-GA is raised to the:
supply voltage and the switch 60 is closed disabling the

time constant of the differential integrator 42 as

- described. Resistor 64 then discharges capacitor 62

opening switch 60 and increasing the time constant to the
value determined by input resistor 58 .and capacitorlss

The non-inverting input of the operational amplifier

'54 is connected to the center tap of potentiometer 45

within gain block 41 which receives the signal from the

frequency to voltage converter 36 on one end tap. The
. . . . -
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remaining tap is connected to the jﬁnction of reference 50

~and input resistor 58,'§prough a resiStof 53, to providé

the current integrated by the operational amplifier 54.
Referring again to Figure 2, the output from the low-

pass filter 44 following the differential integrator 42

provides a target throttle position and is input to the

non-inverting input of comparator 46 where it is compared
to a "virtual throttle position” which will be described
further below. The comparator 46 produces a binary digital
signal, termed the'direction signal, which is positive ;f
the target throttle positiéh signal is greater than the
virtual throttle position signal and zero’if‘thg-reverse is
true. |

A stepper seqnence-conﬁréller”ss accepts this
direction signal as its direction input. The stepper
sequence controller 66 also has a step-input which is
cbnnectgd to a ffée funﬁing oscillator 68 which produces a
stream of cpntinuous step pulses. The stépper éequence.
controller 66 processes'thg_direction input and_the steb

input and produces the corréct'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'steﬁ input. The stepper motqr 24 thus
steps constantly, but as will-be understood from.the
following discussion, the virtual throttle positién 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_ﬁignal will constantly change and

the stepper motor 24 will step back and forth near the

desired throttle position thus tracking the voltage
produced by the differential integrator 42. The stepping
back and forth of the stepper motor_24 produces an average
throttle 14 opening halfway between each pair of stép_
positions and eliminates position error that would result
from incorporation of a "dead band” circuit to suppress -
stepping of the stepper motor 24 for throttle position
errors of several steps. The constantly stepping’stepper
motor 24 alsolreduces the complexity of the throttle

controllér.

The virtual throttle position is produced by tallying

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

is done by means of an up/down counter 70 having its clock
inpﬁt'connected.to the clocszign&l from the free running
oscillator 68 and the up/down line connected to the
direction signal from the.cpmparator 46. The up/down line
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 propef-number bf.steps. The

digital word output by the up/down-éounter 70 is converted

_into the anélog virtual throttle position by an analog-to-

digital converter 72 and the virtual throttle pdsition

-_fo;-—-——;____h_ k
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signal is.connected to the inverting_input.of comparator 46
as previously described. B .
| The initiél_position_df the Steppef'motor shaft 16 and
hence the initial position of the throttle plate 14, as
mentioned, is not known. This raises two problems:
The first is that the output of the up/down connter 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

fully closed position. This wrap around will abruptly
change the virtual throttle position signai by_the'full
range of tne output of the up/down counter 70 oausing a
disruption of the engine contnol.loop‘ |

The second<problom,is that thore is no correlation
between the virtual throttle'position and the actual
throttle-poéition when the circuit is first energized
because of-the-chéractéristics of the stepper motor 24
previously described.

The wrap around problem is.addressed by means of

decoder 74 which detects incipient overflow and underflow

‘0of the up/down counter 70 and resets the up/down counter 70

to a state pfior to incipient overflow or underfiow state.
This resetting is continued until the direotion of the step
is reversed and the up/down counter 70 moves away from the

overflow or underflow condition without intervention by the

‘decoder 74. - | | /

ect Has Been Replaccd
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Referring to Figure 5, the up/down counter 70
comprises two four bit up/down counters 76 and 78 connected
by means of the carry in,énd cafry out lines to form the
single 8 bit-synchionous up/down counter 70 having binary
outputs 1, 2, 4, 8...128. Counter 76 provides the least
significant four bits and countef 78 provides the most
significant four bits. The up/down counter 70 is clockéd
by the clock signal and the diréCtion of the count is
determined by the direction signal attached to the up/down
input of the counters 76 and 78. The outpufs 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 lé'binary outputs of counters 76 and.
78 are connected to the inputs of a foquinﬁut 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 cohnected’
to the inputs of fouf input_ANﬁ_gate 84. The output of AND
géte 84, therefqre, is.high if the binary_output of the

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
connected in a similar fashion to AND gates 86 and 88 to o

loglcally AND the seven outputs. ‘The output of AND gate 88

' -1 - Th:s Sheet Has Been Rep
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will be high if the binary output of the counters is at
0000 000x, 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 respectiﬁely to properiy |
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 ihput to qR

gate 96 whose output is used to drive the preset enable

input to counter 76 associated with the least significant

outputs of the up/down counter 70. The underflow signal is
connected through'a resistor/capacitor time deiey network
98 to the 1 and 2 preset ispgts of counter 76. The
overflow signal is eonnected 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 presef
inputs 1 and 2 are held high by the underflow signal, and
the preset enable lines 4 and 8 are held low by the
overflow signal to force the outputs 1 and 2 ef the counter
76 high and the outputs 4 and 8 of the counter 76 low.

Thus the incipient underflow condieion 0000 000x of counter
76 is forced to 0000 0011. This prevents underflow of

counter 76 if the next clock signal is associated with the

-20- - This Shest Has Been Repl
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down counting direction. If tne direction line remains in
the down counting direction, the counter 76 will simply
toggle between 0000 000x 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 1 and 2 are held low and the
presets 4 and 8 are held high by the overflow signal from
D-flip-flop 94 to force the outputs 1 and 2 of the counter
76 low and the outputs 4 and 8 of the counter 76 high.
Thus the incipient overflow.condition 1111 111x of counter
76 is forced to 1111 1100. This prevents overflow if the
next steps signal is associated with a the up counting

direction. Again, if tne direction'iine remains in the up

- counting state, the counter 76 will simply toggle between

1111 111x and 1111 1100 without wrapping around. The

action of the decoder 74 is thus to create a barrier
preventing the up/down counter 70 from overflowing or
underflowing during operation._ _

It should be noted that even though the uo/cown_
counter 70 does not'progrees during an overflow_or

underflow state, the step pulses are etill moving the

-stepper motor 24 thus_bringing the stepper motor 24 and

virtual throttle position from up/down counter 70 further

into alignment.

—
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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 fér the situation where

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

‘the virtual throttle position is ahead of the actual

throttle position. 1In this case, the up/down counter 70

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

sStepper motor 24 and the actual throttle_ﬁosition to catch
up. . : - | - .
In'the converse situatiqn where in the direction of:*
throttle movement, the aétuallthrottle position leads the
virtual throttle position, the throttle shaft 16 will
ultimately be restrained by stop arm 26 and the stepper
motor 24 will stall until the virtual throttle poéition
catches up with the actual throttle position. In either
situatioh, the operation of thelcontrol 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
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 mégnetic pickup circuit 34 which feeds back a real time

indication of the engine speed, and the second is the
D L N
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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 retracﬁion spring; used in linear or roﬁary actuators,
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 (not
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 fnom the frequency-to-voltage converter

_36 indicates that the engine is running at or above a

maximuam predetermined speed as determined by overspeed
detector 106. Both the overspeed detector 106 and the
battery voltage loss detector 104 are comprised of a
comparetor'as is known in the art end are latched to

prevent reactivation of the engine as engine speed drops.

Stepper sequence controller 66 L297/1 SGS Thomson
Counters 76,78 - CD4516 COS/MOS

. Presettable Up/Down
Counter; Mptorola

Stepper motor 24 . Oriental Motor
<t Has Been Replaced -
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The above description has been that of a preferred
embodiment of the present invention. It will occur to-

those . who praqtice the art that many modifications may

. be made without departihglfrom the spirit and scope of
S thg invention. For examplé, the controller could be
used with engines without carburetors where the stepper
motor controls the setting of an injector pump or the
like. Also, the speed adjust 38 could be remotely
mounted and used to vary the engine speed. 1In oidér to
10 apprise the public of the various embodiments that may
| fall within the scope of the invention, the following
claims are made. |
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CLAIMS

l. 1In an engine regulator for an internal. combustion

engine having a stepper motor for controlling the flow rate

‘of air and fuel in_reepense to a electric control signal, a

controller for providing etep pulses to the stepper motor
in response to tne electric control signal, the controller
comprising:' |

an oscillator for producing a periodi¢ clock signal};

e seeueneer“for rece;ving a direction end the clock
signal fer produeing step pulsee;for moving the stepper
motor in a direction for a’ predetermlned number of steps:;

-an up/down counter for receiving the dxrection and
clock signals and producing'a"digital word updated in the
direction inéécegggtpyﬁ;qEQQEEegfion:signal‘and'in amount
by a number indicated'bﬁfthe-c;ockweignal;.and

a comparater:fer comp;ring the digffal"wéré 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 eomparator
includes a digital to_analog converter for converting the
digital word to-an analog position value-and.wherein the

comparator compares the analog position value to the

electric control signal.

-
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3. An engine regulator for an inte:nal 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 qontrolleﬁ'comprising:

a speed reference; |

an engine speed sénsqr-fo:.producing a speed signal
propértiqnal to engine speed; | |

Sa virtualithrottle positioning circuit_comprising:-
n an -integrator for integiating the difference
between the speed reference and the speed signal to
produce an throttle position signal;

a stepper mot6£ sequencer for'receiyihg an error
signal and stepping the stepper motor to reduce the
error signal;.. | |

a movement trackiné means responsive to the
error sigﬁal'for producing a virtual throttle
position signal;

a cbmparatd: means for producing the érror

_ signal'from the virtual throttle position_signal and

the throttle position signal.



-

POy

-27-

- A O B R

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.

S. The stepper motor controller of claim 3 wherein

the predetermlned englne condltlon 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 iﬁdependently of the throttle position if there

is a loss of battery signal.
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... 7. In engine régulator for an internal combustion_
engine having a stepéer motor for controiling ﬁhé 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 signai for producing step pulses for moving the -
stepper motor in_a_di:ectioémféxua p:edetermined number of
steps; _ _ | | | .

an.up/down counter fdr réeei%inénfhe_direction signal
ahd the clock signal and ﬁ:oducing a digiﬁal word updated
in the direction indicated by the diréction siéﬁél and in’
the amount_iﬁdiéated bf the clock signal;

a decoder circuit for detecting an overflow/underflow

~digital word from the up/down counter and sétting7the state

of the up/down counter to a noh‘overflow/underflow state;

and

a comparator for comparing the digital word to’thé

- electric control signal and producing the direction signal.

8. The stepper motor feedback system of claim 7

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

signél in the presenée'of a varying external magnetic field

of a firét frequency comprising:
a gear means having periodically spaced magneticélly
5 permeable teeth for rotation by the engine;

a variable reluctance sensor for producing a
periqdically varying signal of a second frequency in
response to paésage of the teeth, the second frgquency
being higher than the first frequency}'

10 | _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 51gnal.

10. The maghetic pickub of claim 9 wherein the slope
detector comprisés-

a differentiator for rece1v1ng the perlodlcally
varylng signal and producing differentiated signal being

5  the derivative thereof;
a comparator having_a'non-invertinq and an inverting
~ input and for receiving the periodiéally'va:ying signal at

one_input;and the differentiaﬁed signal at the other input

- and producing the digital timing signal at its output.
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