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@ Method and apparatus for controlling fluid flow at an orifice.

@ Control apparatus, typically for carburettors, which com-

prises an actuator device (20) having a permanent magnet

armature and a pair of coils surrounding the permanent mag-

net, and a microprocessor (18) responsive to certain

parameter-sensed variables including pressure (12), tempera-

ture (14), throttle conditions {16) and oxygen content {10) in CS,Q‘VT,’QEL

order that these variously sensed parameters can be com- 22

municated to the microprocessor wherein there is transduced

by algorithm either a digital signal or an analog signal. The
- digital or analog signal is then fed to the actuator device inthe
< form of a demand signal for current flow to the armature coils. MICROPROCESSOR

The coils upon energisation mechanically displace the arma- 78
ture to effect mechanical transducing of the electrical signai to T T T

control an actuator rod effecting orifice control. The armature
thus effectively controls the orifice size, which in turn deter- OXYGEN PRESSURE COOLANT CLOSED
mines fuel/air ratio for an internal combustion engine, in SENSOR SWITCH TE%’E%%#RE Tg?v?lgr&E
conjunction with a carburettor function. Fuel-air control cre- £ £ p 77
ates operating conditions which in turn are re-sensed by the FIG.1

sensors, the sensors in turn repeating their operation so that

there is provided a closed loop servo system either by digital

oranalog signals.
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Specification

Method and Apparatus for Controlling

Fluid Flow at an Orifice

This invention relates to method and éppaéétus for
controlling fluid flow at an orifice, more.especially in
relation to carburettors.

Prior art devices for fluid flow control at én
orifice include various sqlenoid operated members. Upbn
electrical energisation of the solenoid to control the
position of an armature, the armature in turn controls an
actuator rod with an orifice-controlling end portioh.

In the known art, the orifice control provides an
effective input control regulating the amount of volatil-
izable fuel which is metered to a carburettor, with the
aim of controlling fuel flow in relation to carburettor
function so that the fuel is most efficiently burned.
There is in the prior art the intent to continuously
monitor the schedule of fuel flow by means of various
sensors which are responsive to key operating parameters
such as ambient pressure, ambient temperature, oxygenrin
the exﬁaust flow, throttle position etc., all of which
are relevant factors in the determination of a proper

air—-fuel ratio.
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Typically, these parameters as determined by the
sensors are communicated to a microprocessor'of |
conventional design. The microprocessor in turn has a
system of logic and algorithm whereby the inputs from
the sensors are transduced into an electrical 51gnal
The electrical signal is either a digital 51gnal with a
binary type wave output or an analog'signal in which the
amplitude of the signal is relatéd fo and effects a
cqhtrol function in accordance with the degree of ampli-
tude of the output signal. Hohever} it has been beyond
the art to produce a siﬁple device which can transduce
the described electrical signal output of the micro-
processor to a mechanical translation of an armature to
produce a precise displacement of the armature and its
associated orifice—modifying means, thereby to secure
proper control of the orifice. It is the orifice
control which in turn determines optimum air-fuel ratio
reflective of operating conditions determined by the
sensor inputs as aforedescribed. The difficulty is that
the described known system, while sound in principle, is
nevertheless beyond the state of the art to achieve
either because the system has internal lag, or is not
achievable with components and combinations of components
which are within effective economic cost range. For

example, components which are theoretically capable of
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achieving the foregoing results are either too expensive
and must be custom constructed, or do not lend themselves
to large scale manufacture and a capability of proper
functiéning within the range of the expééted_stack¥up

of tolerances and overall operating conditioné
encountered in conventional internal c0mbus£ion engines.

It is an object of the present invention to
provide a method of and apparatus for control of fluid
flow at an orifice which provides a solution to the above-
described problem.

Thus, the invention in cne aspect provides a control
device consisting of a relatively few number of components
consisting essentially of an armature made up of a
permanent magnet with north and south pole pieces
responsive to two spaced electromagnetic coils which
closely surround the poles throughout the range of their
movement. The armature drives an orifice-controlling
member which is displaceable and is selectively

positionable by the armature to control the metering of

fuel to a carburettor and thereby controls air-fuel ratio.

Surrounding the electromagnetic coils and armature
is a magnetically permeable sleeve. In conjunction with
the actuator rod and armature is one or a pair of springs
which are adjustable in spring tension and can effectively

determine the critical operating characteristics of the
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armature.

It is an importént feature of thé present invention
that the described armature-coil arrangement is virtually
instantaneously and l;nearly responsive "to transduced
electrical signals derived from critical sengor elements
which continuously monitor the temperature,.pregéure,

throttle conditions and oxygen content. These sensors

" are continuously in communication with a microprocessor

which develops a corresponding signal of either digital
or analog éharacteristics, such signal being continuously
received and traﬁsduced ihto mechanical movement by the
development of current within the goils of the electro-
magnet of a magnitude appropriate to the incoming micro-
processor signal (of either digital or analog wave form)

and the armature thereafter displaces or positions the

~orifice-controlling member in relation to the orifice.

Thus, there is an effective monitoring, virtually

instantaneous and linear in property, so that response

- is continuously made to conditions as determined by the

sensors and the fuel—air mixture thereby continuously
monitored and provided in whatever proportionality is
necessary to maintain optimum conditions as determined
by the sensors. The system as a whble has closed loop
self servo control maintaining a preferred operating

system logic.



10

15

20

25

0034936

Thus, in another aspect, the invention provides an
effective servo system in which sensor elements contin-
uously monitor operating condition, testing for deviations
from ideal engine operating conditions best ¢alculated for
optimum efficiency and'pollution~free operation. The
armature includes an orifice-controlling adjust;Ele spring
force which is adjustably in opposition to the armature
movement, and will determine the correct metering orifice
size and hence the correct conditions of air-fuel ratio
communicated through the carburettor to the engine and the
engine operating performance is then continuously checked
by the sensors that are available for feedback to the
armature so that the orifice size is continuously monitored
and maintained at optimum conditions.

It is an impcrtant feature of the present invention
that unique and precise spring adjustments are available
in relation to the armature so that the mechanical dis-
placement of the armature can be exactly adjusted to obtain
the correct orifice size adjustment.

Thus, in general, the present invention provides a
unique and effective combination of fuel-metering control
in relation to sensors and microprocessors to secure
continuous relatively pollution-free and efficient engine
operation and does so by means of individually adjustable

armatures which are spring adjusted by mechanical
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adjustment means, in which the spring rate and spring
response can be independently adjustable.

Further features of the present invention will
become apparent from a consideration'of'the following
description which makes reference to the accdmpanying
drawings wherein éome embodiments of the invention are
described by way of example.

In the accémpanying drawings:- '

Figure 1 is a schematic biock diagram of a
microprocessor controlled catalytic converter system
wherein the present invenéion is utilised;

Figure 2 is a diagram of a cérburettor showing the
various carburettor functions interrelated to the control
apparatus of the present invention;

Figures 3, 4, 5, 6 and 7 are longitudinal section
views schematically illustrating respective embodiments
of actuator devices utilised in the present invention;

Figure é isran.isolated, enlarged, detail view
illustrating an adjustable spring means in an actuator
device, whereby both the spring rate énd spring response
is variable to adjust the device for a given set of
operating conditions; .

Figure 9 is an illustration of a digital wave form
which the microprocessor communites to the control

apparatus, this being typically a binary wave form which
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can be pulsed at regular intervals;

. Figure 9(a) illustrates a digital, binary,
pulsating wave form in which the actuator deviée for
the control apparatus is bipolar energised, i.e. coils
are energised first in one polarity and then in the
opposite polarity to effect positive drive of tﬁé
armature in either of opposite directions;

Figure 9(a) also illustrates a digital, binafy,
pulsatihg wave form in which the actuator device for the
control apparatus is bipolar energised, i.e. the coils
are energised first in oné polarity and then in the
opposite polarity to effect positive analog control of
the armature in a direction represented by the average
value of the wave form;

Figure 10 illustrates an alternative wave form for
analog control of the coils wherein the armature is
operated in an analog mode; and

. Figure 11 is a block diagram of the complete
control apparatus illustrating the sensors, microprocessor,
actuator device, carburettor, and the closed loop nature
of the entire system.

Referring now to Figure 1, a plurality of spaced
sensors are designated generally by reference numerals
10, 12, 14 and 16. The sensors will be disposed at

various locations on a vehicle and are particularly
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adapted to provide continuous measurements of operéting
parameters to a micr0proces§or 18 of conventional
configuration. The microprocessor is not a part of
the present invention, per se, but a typical_micfo;
processor is available for purposes of the present
invention in the form-of an electrbnic conEfol gédule
which contains the necessary program and system of
algorithm.

The sensors, which are of‘conventional design, are
intended to provide such parameters as oxygen content in
the exhaust, and are designated generally as oxygen
sensor 10, pressure sensor 12, cooling temperature sensor
14, closed throttle sensor 16, and if required an ambient
pressure sensor which is not shown. = These sensors
continuously provide monitored information to the
microprocessor which in turn communicates an algorithm
signal to a remote actuator or control device 20.

Referring now to Figuré 2, an actuatqr device now
referenced 22 is associated with and operates the fuel-
metering rod 23 of a carburettor, having an end 24
movable in relation to a fixed fuel-metering orifice 26
defined by a throat section 28 of a Venturi. In
addition, the control mechanism 22 displaces an armature
bracket 30 one end 34 of which is positioned to bear

against a lean mixture stop 36. The opposite side of
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the bracket is positioned to bear against a rich

mixture stop 38. The two stops 36 and 38 are threaded

for micrometric adjustments relative to respective
co-acting supports 40, 42, -

The armature bracket 30 also operates én idle
bleed air valve 43 through a spool valve 44 haQihg a
valve rod 46 which has rod end 48 in contact with
bracket end 35, so that movement of armature bracket 30
controls both the effective cross sectional area of the
fuel-metering orifice 26 and the idle bleed air valve 43.

Referring next to the various embodiments of the
actuator device illustrated in Figures 3-7, these various
devices will be explained in detail commencing with
Figure 3.

In the device 19 illustrated in Figure 3, an
armature 50 operates downwardly to displace a connector
means 52, thereby determining the operative position for
the fuel-metering rod 23 and valve rod 46 of Figure 2.
When means 52 is displaced, this is against the bias of
a spring 54.'

The armature 50 operates in a digital mode and is
responsive to a binary energising input signal such as
that shown in Figure 9, i.e. the armature is either
energised to be pulled to a fully-down position or when

unenergised it is moved by the spring 54 to an up
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position. The technique of control is that in one

-mode, i.e. energised or "on" mode, the device determines

a lean mixture, and in an unenergised or "off" mode
with the spring 54 displacing the connector means 52
upwardly, the engine being controlled operates in a
rich mixture mode. . The overall control opefatign‘
consists in integrating the pumber of "on" and "offJ
positions so that the integration-of the totality of
the "on" and "off" modes will result in an appropriate
air-fuel ratio. Referring again to‘Figure 3, the'r
armature 50 which displacés the connector means 52 does
sO responéive to energisation by two spaced sets of coils
56 and 58, which are wound on a bobbin 60.

The armature 50 consists of a permanent magnet 62

having two pole pieces 64 and 66, the characteristics of

. which make the armature linearly displaceable under a

constant force responsive to the generation of current
within the coils. It is an important characteristic of
the invention that a digital signai in the form of binary
signals effect§ a rapid acceleration of the arméture,
displacing it on a time basis almost instantaneously in a
downward movement against the biassing spring 54, and
immediately upon de-energisation of the coils the electro-
magnet will be virtually instantaneously linearly

displaced in the opposite direction by means of the
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compressed biassing spring 54. Thus, the above
described armature-coill arrangement is susceptible to

a signal‘of digital form (see Figure 9) derived from

the sensors and microprocessor also previously referred
to. Surrounding the coils is a magnetically permeable
casiﬁg 68 which serves to contain the coils 56,758, and
the bobbin 60 provides a stop 70 limiting downward
movement of the armature 50 when it is energised. The
upward movement of the armature effected by the spring 54
displaces the connector means 52 upwardly until it
engages a rich mixture stop 38 microgetrically adjusted
relative to the support 42 as illustrated in Figure 2.
The micropro;essor 18 (Figure 1) sﬁpplies a signal to the
coils 56, 58, causing them to be energised to an "on"
mode, thereby drawing the armature 50 downwardly against
the resistance of the spring'54 as before described.

It is a characteristic of the digital wave pattern
of Figure 9 that there is an almost vertical inclination
of tﬁe signal from zero to one. The same applies at the
terminal part of the duty cycle. Typically, the cycle is
adjusted so that it is effective from 15 to 85% of the
time, i.e. the actuator device is in an "on" mode between
15 to 85% of the duty cycle, the total time duration of
which is typically about 100 milliseconds, with the

signal varying from zero to plus 12 volts.
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Typically, the mlcroprocessor may be one which
is fully exempllfled w1th1n the c0ntext of the C- 4,
Computer Control Catalytlc Converter system descrlbed‘
in the "Citation" Shop Manual ST365 -80, pages 8A—64, 65
and 66, a publicatlon by General Motors, Chevrolet D1v1510n.
The apparatus as descrlbed in relatlon to the
actuator device of Flgure 3, is alternatlvely usable with
a binary digitalisignalihaving a weveroharaoteristio such
as-that illustrated in,Fignre 9(a), wherein the binary
signal wave varies fromhplnsrone to minus;one. ~ In this
instance, the coils are energlsed 1n elther one of
opposite directions of eurrent,flow,'and the spr1ng,547r

and another oppositely compressible spring'(not'sh0wn) are-

utlllsed to achieve a “neutral" p051t10n for the armature.ow

The latter is then elther energlsed p051t1vely in an up
direction or positlvely in a down dlrectlonragalnst the
coacting and oppositely compressible springsrwhich in the
absence of energiSationrof thercoils cause’the'arﬁature to
be spring displaced to a neutral p051t10n corresp0nd1ng to
an average amplltude of zero of the wave; Thus, when the
wave is positive, ire; atfplusVOne; the coils are'energised
with current flow in one dlrectlon to effect a downward
force of the armature 50 agalnst the re51stance of the
spring 54, and when the,wave goes negatlve, 1.e, to minus

one during the duty cycle of,approximatelyr100 milli-

T
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seconds, the current direction is reversed to cause an

upward force of the armature 50 against the resistance

'0f the oppositely compressible spring (not shown). The

resultant net position of the armature 50 and the
connector meansVSZ will be determined according to the
time.average of the magnetic forces and the ‘spring
characteristics.

Referring to Figure 4, there is again illustrated
an. actuator device having an armature 50 with pole
pieces 64 and 66, one at each of the opposite ends of the
permanent magnet 62, and a pair of coils 56, 58. The
coils are again wound on a bobbin 60 disposed within
casing 68. These members have suﬁstantially the same
characteristics as described for the embodiment in Figure
3. However, in this embodiment, an elongated rod 72 of
armature 50 has at an end 74 thereof an orifice controlling
metering pin 78 which effectively defines the operative
cross—sectional area of an air-metering orifice 80
adapted to control the amount of idle bleed air in a
somewhat different manner than that illustrated in Figure
2. At the lower end of the armature 50 is an elongated
rod 81 having a metering pin 82 controlling the effective
cross~sectional area of a fuel metering orifice 84 again
in a somewhat different manner than that illustrated in

Figure 2.
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In this embodiment, there is located a coil spring
86 bearing at one end against an annular boss 88 in an
elongated sleeve 90 and at'the,opposité—end.bearing
against the pdle'piecé 64, thefeby @rging“the armature 50
upWarQly in an orifice opening direction in rélation to
fuél—metering and in an orifice closing direétidg ih
relation to air control. Thus, when theraimaturg is not
energised, the mixture tends to be a rich mixtqié, |
meaning that there is a higher fétib ofrfpel to air than
during the null position or off poéiéiOn of the armature.
When the sensoré induce tﬂe micfopfobessor tordevelop a

positive signal and the wave progresses from a zero to a

."one" amplitude to commence a duty cyéle (Figure 9), the

coils 56, 58 receive a current which causes the armature
50 to be displaced downwardlyragainst'the;resisﬁance of
the spring 86. Thus, referring to Figures 9 and 4,
whenever a binary digital signal'is devélbped,commencing
from zero to one and as long as the duty cycle exists for
the period 0 to 100 milliseconds, the armature 50 will be
displaced dowhwérdly in an "on" position causing the
metering pin 82 to move into thérorifice 847to reduce its
effective cross-section and thereby reduce the amount of
fuel. In relationrto a greater ahount of air, when the
armature 50 moves doﬁnwardly the météring pin 78,is77

displaced outwardly from the orifice 80¢incteasing its

-

Ve et
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effective cross section so that the fuel-air ratio
produced represents a much leaner mixture.
This monitoring and control of the fuel-air ratio

is effected by the movements of a throttle valve being

.sensed by sensors in a close-looped servo system, which

sensors in turn actuate the microprocessor, the'ﬁicfo-'
processor in turn developing the duty cycle as
illustrated in Fiéure 9 and the binary signal then being
used as the operating parameter for the armature 50.

In this way, the engine operating conditions are con-
tinuously sensed, which iﬁcludes the monitoring of oxygen
flow in the exhaust system, the sensing of temperature,
pressure and throttle condition, and responsively to
those conditions through the microprocessor there is a
corresponding positioning of the fuel and air control
members in the throttle valve to adjust the engine to the
appropriate operating conditions relative to the
information sensed by the sensors.

Referring next to the embodiment illustrated in
Figure 5, theré is shown an actuating device which operates
on an "analog" principle, i.e. in this embodiment the
device is intended to provide not merely an on-off
operation but a continuous monitoring of orifice size
micrometrically. There is an ability to control the

effective cross-sectional area of the orifices not merely
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on a statistical on-off basis with the averaging
principle utilised for achievement of the correct air-
fuelrratio, but instead the positioning of the metering
pins relative to the orifices is measure&'conyinuouély
and is adjusted by means of an analog signal in the
manner which will next be described.

In this embodiment, there is an afﬁature 50 having
two pole pieces 64, 66 which are displaced by means of
cldsely surrounding circumposed coils 56, 58, |
respectively. Tﬁe coils‘are wound on a bobbin 60.
There is a closely surrouhding casing 68 which is
magnetically permeabie as before described. At the one
end of the armature there is an elongated'rod.72 and a
metering pin 78 which controls the effective cross-—
sectional area of the air metering orifice 80 thereby to

determine one portion of the air-fuel ratio. At the

" bottom part of the arméture is an elongated rod 81 with

a metering pin 82 that controls the effective cross-
sectional area of the fuel-metering orifice 84, Thus,
the position of the metering pin 82 relative to the orifice
84 determines the quantity of fuel that is delivered
through the carburettor to the engine.

The movement of the armature 50 is also contiolled
by means of two spaced springs 86 and 86a. Spring 86 is

compressed between an adjustable nut 92 which is

b
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threadedly received on the threaded outer surface of

the elongated rod 81 and bears at the other end against

a seat 98 of the bobbin 60. The second spring 86a is
compressed between a fixed seat 100 and an adjustable nut
102 which is also threadedly received on theﬁﬁhreaded
outer.surface of the elongated rod 81. By adjusting nuts
92 and 102, the characteristics of the device can be
controlled. It should be noted that the springs 86, 86a
according to their adjustment by the associated nuts 92
and 102 determine the neutral position of the armature,
i.e. the position which the metering pins assume relative
to the metering orifices when there is a condition of no
signal or when there is a zero timé—averaged value of
current in the coils 56 and 58.

In this embodiment, unlike the prior embodiments,
the sensors act through tﬁe microprocessor in the manner
before described but the algorithm of the microprocessor
develops either a binary output signal as illustrated in
Figure 9(a), or an analog signal such as illustrated in
Figure 10, thereby effecting a metering of the effective
cross—-sectional areas of the air-metering orifice 80 and
fuel-metering orifice 84 by the metering pins 78 and 82,
respectively, to achieve the appropriate air-fuel ratio in
accordance with the parameters of oxygen content, pressure,

temperature, throttle position etc., these all being
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parameters sensed by the sensors for processing through
the microprocessor in a -closed-loop servo system. The
described embodiment is responsive to a continuous
sensing by the sensors and positions the metering pins
relative to the air and fuel orifices therebfnﬁetermining
the opérating characteristics of the engine,'whiéﬁ
develops outputs again continuously sensed by the sensors
so that there is a closed-loop feedback system: £first by
the output parameters sensed by the sensors and then the
positioning of the fuel-air ratio metering pins thét in
turn determine the output éharacteristicé of the engine.
Referring next to the embodiment shown in Figure 6,
the armature, bobbin, coil and casing are virtually the
same as before described. There is a slightly different
configuration of the metering pin 82, wﬁidh has the form
of constant cross-sectional area metering pin 82a in
Figure 6, and likewise metering pin 78 is replaced by a
constant cross-sectional'afea metering pin 78a. The
characteristics of the device in Figqure 6 can be varied
by means of a spring 104’ compressed between a fixed seat
101 on the bobbin 60 and a single adjustable nut 106
threadably received on an elohgated rod 81 and a spring

105 compressed between the nut 106 and a shoulder 107

in an elongated sleeve 90. Adjustment of the nut 106

determines the neutral position of the armature 50.

e A e s B0
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The "gain" is a variation in the response of the device
to an energising signal and may be varied by the original

adjustment of the device but remains relatively fixed

- thereafter. In operation, the current'ﬁagn;tude in the

coils effects a particular positioning of the metering
pihs 78a, 82a by micrometric adjustments in.accofdénce
with the time-average value of the digital signal of
Figure 9(a) or the ampiitude of the analog signal
(Figure 10).

Referring next to tbe embodiments shown in Figures
7 and 8, thereris illustrated a further embodiment of
thr invention wherein the actuator device is again
responéive to a time—average valﬁe of the digital
signal of Figure 9(a) or the analog signal of Figure 10
for micrometric adjustment of the air and fuel orifices
by co-acting metering means. The metering of the
orifices is accomplished by the device generally
deséribed previously in relation to Figures 2 and 3, but
there is a variation in the response of the device by
means of a particular placement of springs. Because of
therslight differences in construction, the entirety of
the device will be described. Again, as in the previous
embodiments, the armature 50 consists of a permanent
magnet 62 with two opposite pole pieces 64, 66 secured

to end portions of the magnet. Surrounding the armature
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is the bobbin 60 supporting two coils 56, 58 which upon
energisation effect a mechanical displacement of the
armature. The amount of the current for energising
the coils is in accordance with the characteristics -of
a variable signél developed by the microprocé;éor, the
character of the signal and its duration Eeing developed
by the algorithm of the microprocessor. ‘Just as in the
previous embodiménts, a magnétically permeable casing 68
surrounds the coils and assists in difecting the magnetic
flux during energisation of thercoils. At one end of
the armature is a displaceéble driveplate 52a. A fixed
bridge 108 includes a nut 110 which is adjustable relative
to the bridge. The nut 110 is rotated in ordexr to
displace longitudinally a coil spring 112 one end of Which_
is threadably received by the nut and the other end of
which is screwed into and secured in the pole piece 66.
Therefore, by rotating the nut 110 it iS*possible'to
control the spring position and thus determine the null or
neutral position of the armature 50 and the driveplate 52a
at the time when no current is developed in the coils.
Another adjustment is provided by an internal scféw
114 that screws within the inner diameter of the coil
spring 112, and is received through an interior opening
of the nut 110 and within the coil spring 112 so that as

it is turned downwardly it determines the effective number

U — -
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of spring coils that are operative under compression

or expansion at any given armature position. The

"gain" is thus controlled once the spring has been
positioned by rotation of the nut 110. By a@justment
of the nut 110 and screw 114, it is possible to deter-
mine the neutral or'null position and reséonée '
characteristics of the armature to a given signal
developed from the microprocessor. '

The effective length of the spring 112 together
with its spring rate are the two adjﬁstment character-
istics which enable the user to vary the static position

and response of the device to a given input signal.

‘These two adjustments are relatively easy to obtain and

can be carried out not only initially to calibrate the
apparatus but also are available throughout the operation
of the apparatus to optimise its operation for certain
operating conditions.

With regard to operation of the complete control
apparatus, and first making reference to Figures 1-3, 9
and 11, the actuator device is calibrated initially to be
responsive to the signals from a microprocessor 18 on a
continuous basis, the microprocessor output signal being
related to the conditions of operations as determined by
the sensors 10, 12, 14 and 16. This also is shown

schematically in Figure 11 in which the sensors are shown



10

15

20

25

0034936

DD

as having inputs to the microprocessor 18. The

output is in the form of diéital binary signal

supplied continuously to the air-fuel ratio éctuator
designated generally by reference numeral- 20. The
éignal, which is utilised for the device in Fiéure 3,

is a Qinary signal having a wave form as éhoWn iﬁ'Figﬁre
9, i.e. a recurring pulse signal having a duty cycle of
approximately 15 to 85 percent, When the microprocessor
pulses, the plus one pulse is communiéated to the spaced
coils 56 and 58 as a current which effects displacement
of the armature 50 consisting of the permanent magnet 62
of two pole pieces 64 and 66. Actuation of the armature
50 causes displacement of the conﬁe;tor means 52 in a
downward direction indicated by the arrow 21 in Figure 3
and produces a selective positiohing of thé valve rod 46
andrthe fuel-metering rod 23 illustrated in Figure 2.
These two control members thereby detérmine the amount of
fuel which is effectively metered througﬁrorifice.26 and
the amount of idle bleed air controlled by the spool
valve 44. This determines the air-fuel ratio which is
carburetted and then communicated to the cylinders of

an internal combustion engine (not shown). The output of
the engine is then again sensed directly or indirectly by
the sensors 10, 12, 14 and 16 illustrated in Figures 1 and

11, thereby defining a closed-loop feedback system
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following the flow path in Figure 11. When the signal
as shown in Figure 9 ends its on or binary 1 interval,
the amplitude returns to zero thus de-energising the
coils 56 and 58 of the device 19 (Figure 3) and the
spring 54 then restores the means 52 to its neutral or
null position thereby repositioning the idle'bleéd air
spgol valve 44 and the fuel-metering rod 23, and once
again changing the amount of metered fuel and metered
air and thus affecting the air-fuel ratio once again;
It is contemplated as part of the present
invention, in relation to the actuator device of Figure
3 for example, that the wave pattern can be varied as to
the duty cycle and time interval, i.e. any portion of the
wave from zero to 100 percent can be utilised. It is
also an important feature of the invention that there is
nearly an instantaneous response corresponding to a
signal from zero to one. However, the res?onse time
of such a signal and the task of attempting mechanically
to transduce that signal into the nearly instantaneous
positioning of wvalves has proved quite difficult in the
art; a characteristic of the invention is that it does
have such an almost instantaneous response. Thus, the
requiréd current magnitude for full energisation of the
coils in the device is almost instantaneously achieved

because of the constructional features of the
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combination armature, bobbin and casing. The responee
of the armature to coil energisation  for mechanical
transducing, i.e. positiehing'of ﬁhé metering rod 23
and valve 44 relative to the meterlng orlflce 26 and
idle bleed air valve 43, is that immediately upon bulld
up of current in the c01l there is an 1nstantaneous

force developed on the armature, and the armature is of

such size and magnetic coupling qualities with the field

that it develops an almost instantaneous displacement
and thereby a very high}y resppnsive'positioning of the
valve and metering rod. é -

Resulting from this, it is apother major feature
of the present inventioh/that,'by,electronic adjustment
of the duty cycle in ahy of the preferred manners well

within the state of the art, an almost instantaneous

adjustment of the air-fuel ratio can be achieved. The-

actuator device of Figure 3, for example, utilises a

binary signal and is constructed on the principle that

there is either a rich or lean mixture at any one time

instant. ~ However, the averaging of these time instants

over a larger period of time will prbduce the overall
desired air-fuel ratio.' This corresponds to the well-
known principle of "averaglng" to achieve the desired

operating condition.

Referring next to the operation.of the analog type

Cow T

—
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of device wherein the energising coils associated with
the actuator are responsive either to an analog signal
or to a suitable digital signal, reference is made to
the device shown in Figure 5, in conjunction with
rigurgs 1, 2, 10 and 11. |

The microprocessor 18 responsive to the sensors 10,
12, 14 and 16 provides a signal output, the amplitude of
the signal produéing a corresponding current generation
in the coils of the actuator 20.  For example, the
microprocessor 18, which can produce either a digital or
analog output, produces iﬁ one instance an analog signal
which yields a value of current within the coils as
determined by the magnitude of the signal. Similarly,
the position of the metering pins 78 and 82 within the
air and fuel metering orifices 80 and 84 is effected
almost instantaneously since one of the characteristics
of the actuator is the development of virtually
instantaneous response because of the force developed
by the armature 50 responsive to the developed current
within the coils 56, 58. Thus, movement of the metering
pins to appropriate positions occurs almost instant-
aneously within a time frame directly related to the
instant signal amplitude (Figure 10) and instantaneous
current generation within the coils (Figure 5). It is

for this reason that the device, as described, can be
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responsive to either signals whichrare'of a digital
(binary) or analog characteristic. Sbme'deviées,of
the art are not c0mpatiblé with a'selectivély deter-
mined signal of either analog or digitéI"éha;;ctéristics.
. The actuator devices shown in Figures 6 and 7 are
virtually the same functionally as théraﬁaldg dééiée
illustrated and described'in detail forrFigure 5.
Therefore, the oferétion of the devices 6 and 7 will
not be repeated in detail since they follow essentially
the same as the already described SPecieé of Figure. 5.
However, the device of Figure 7 embodies certain unique
mechanical adjﬁstments by.which its response is more
closely and selectiVely'correlafed to the electronic
output signal of either Figure 9(a) or Figure 10;

The adjustment in,this case}is determined by a
two-fold spring adjustment, the one COnsistihg,of a nut
110 which is rotatable_felative to its sﬁpport,rnamelj
fixed bridge 108, sucﬁ movement being efféctive'to
advance the coil spring 112 through the central opening -
of the nut 110 and thereby longitudinally position the
attached armature 50 to a preferre&,position'rélative
to the coils 56,758. Additionally, such an édvancing
movement of the cdil springr112 determines the |
effective number of coils that position ﬁherarmature 50

when the coils are de-energised. There is an internal

i o Sne
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screw 114 which can advance below the‘nut 110 and
internally of the spring 112, the screw having the same
pitch at its outér surface as the inner spring circum-
ference, whereby the screw adjusts the number of
effective spring coils and thereby the response to a
given éignal input. The first described adjusgﬁent is
also effective for determining the neutral position or
null position of the armature 50 including the pole pieces
64, 66 relative to the coils 56, 58. As previously
mentioned, it is important that during operation of the
actuator device the pole éieces at all times be within

the circumscribed area of the coils so that the responsé

in movement of the armature by the coils is at all times

linear and unaffected by the degree of movement of the
armature. A degree of adjustment of response is
obtainablé by virtue of the nut 110 and coil spring 112
advancing or retracting the armature 50 whereby the
neutfal or start position of the armature relative to

the coils 56, 58 is preferably determined. The limit of
movement of the actuator is in one direction fixed by
engagement of a portion of the drive plate with the nut
110, and is limited in the opposite direction by the
engagement of the pole piece 64 with the stop 70 of the

bobbin 60.

Although the present invention has been illustrated
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and described in connection with certain example
embodiments, it will be understood that these are by
no means restrictive as to the scope of the invéntiOn

which is defined in the claims appended hereto.
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Claims

1 A method of remotely controlling the effec*ivé
crnss section of an orifice associated with fuel/air
supply to an internal combustion engine, comprising the
stepé of continuously sensing physical data in the form
of gas analysis, throttle operation, pressure and/or
temperature data, and continuously supplying.such
information to a microprocessor to effect a transduced
electrical signal, characterised by the steps of
communicating such transdﬁced electrical signal to a

pair of electrical coils, and mechanically transducing
the energisation of said coils through a permanent magnet
member to displace an armature and operati§ely connected
control means to control said orifice, the controlled
orifice in turn determining the physical data fed back
from the sensors thereby to define a closed loop control
network, and continuously opposing the displacement of the
armature by said coils by resilient means having a pre-
determined rate.

2. y:\ methéd in accordance with claim 1, wherein the
transduced electrical signal communicated from said micro-
processor to said coils is in the form of a digital or an
analog transduced signal, characterised by the further step

of providing a variable duty cycle means for controlling
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the transduced electrical signal communicated to the
pair of electrical coils.
3. A method in accordancerwith claim'Trqr claim 2,
characterised in that communicating the transduced

electrical signal to a pair Of'electrical'coilsrprodﬁces

a substantially instantaneous meéhanical'displaCement of

the armature, and the response of,the armaﬁure is;
operatively controlled by varying thérpiedetermined
rate of the resilient means opposing ﬁhe"displacément ’
of said armature. . ' o

4. A method in accordahce with claim 3,_charac£érf
ised in that the mechanical response ofrﬁhe.arhaturerr
to the transduced electrical signal at ény'one pre-—
determined armature position is adjusted by Véfying
the respoﬁse rate of the resilient meansrat thg pré-
determined armature.positioh,,thereby varying*the 9?1“,
of the response. i |

5. Apparatﬁs for coﬁtrélliﬁg;fluid flow more
especially to enable the methodHOf claim 1, cdmpriéing
means forming a metering orifice; and a mémberrforr
controlling £he effective orifice size by4movémént |
into and out of the region of the orifice to contfol
its open cross-sectional area; characte?ised by an
actuator device'comérising an armature'compfisingr

a longitudinally movable permanent magnet with north
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and south pole end portions, a coil surrounding each
pole portion and having lateral dimensions which
encompass circumferentially each pole portion throughout
its effective range of longitudinal movement, and
resilient biassing means determing a predetermined
neutral position of said armature; remotely disposed
sensors for measuring opefating conditions controiled
by said efféctive orifice size, means for energising
said coils responsively to a digital or analog signal
developed from signals derived from said sensors,
and'feedback means to said orifice controlling member
to control the movement and position of said orifice
controlling member in accordance with the digital or
analog signal,

6. Control apparatus in accordance.with claim 5,
characterised in that the actuator device further
comprises a surrounding sleeve and a control rod
operatively secured to said armature and extending
within said sleeve, the resilient biassing means
comprising a resilient spring one end developing '
biassing effort against a portion of the armature

and the other end received by a fixed internal portion
of the sleeve, whereby the armature and orifice con-
trolling member driven by the control rod are biéssed

in an orifice opening direction.
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7. Control apparatus in accordance with claim 5, '
characterised in that the actﬁator device further
comprises a control rod secured to said'armatﬁre,

a sleeve operatibély'surrouﬁdingrsaid:control'rod,

and two .independently operable aéjustor nuts on a
'threaded'portion of said control rod, the resilient
biassing meahs comprising respective spring meéns
individually controlled by each adjustor nut, one of
said spring means operatively bearing agéinst a fixed
portion of said device and biassing one of the adjusting
nuts and the control rod and arméture in one direcéion,
the other of the spring means being,operativély fixed'
and opposing said one spring meané in cooperation with
said second adjusting nut, each of saidradjusting nuts
being individually,moVable torcontrol,the compression
of its respective sprin§ means whefeby the.neutral
position of said armaturé and control rod and thereby'
said orifice-controlling member is‘detérmined at the
condition of zero energisation of said coils.

8. Control apparatus in accordénce with claim 5,
characterised in that said actuator device further
comprises a threaded member operatively secured to said
armature, and an adjustable nut received on said
threaded member, the resilient biassiﬁg means comprising

two opposed spring means each bearing at one end against
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a fixed portion of the device and at the other end
against the adjustable nut whereby the opposed springs
determine the neutral position of said armature Qhen the
coils are unenergised.

9. ‘Control apparatus in accordance with claim 5,
characterised in that the resilient biassing means
comprises a spring secured at one end to the armature
and the other end received by an adjustable nut, the
actuator device also including a screw disposed within
the spring and adjustable nut whereby adjustment of the
nut and screw varies the ﬁeutral position of the
armature and the spring response.

10. Control apparatus in accordance with anv of claims
5 to 10, characterised in-that the sensor signals are
fed to a microprocessor adapted to deveiop binary
digital signals fed to the coil windings to actuate the
armature for predetermined time intervals of 1,0 or of
1, -1.

11. Control apparatus in accordance with any of claims
5 to 10, characterised in that the sensor signals are
fed to a micrépr0cessor adapted to develop an analog
current fed t0 the coil windings to effect a consequent
magnetic energisation having an analog equivalent to the
current flow within said coils, thereby effectively to

position the orifice-controlling member in micrometric
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amounts related to the information from said sensors.
12. Control apparatus in adcordance with ahy of
claims 6 to .10, wherein the sensor signals are fed to
a microprocessor adapted to develop binary digitélr-
signals fed to the coil windings to actuate the

armature for predetermined time intervals of 1, -1.
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