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Description

This invention relates to an apparatus for
remotely controlling the fuel/air supply to an
internal combustion engine.

Prior art devices for fiuid flow control at an
orifice include various solenoid operated
members. Upon 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 portion. In the
known art, the orifice control provides an effec-
tive input control regulating the amount of
volatilizable 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, oxygen in the exhaust flow,
throttle position etc., all of which are relevant
factors in the determination of a proper air-fuel
ratio.

Typically, these parameters as determined by
the sensors are communicated to a micro-
processor of conventional design. The micro-
processor in turn has a system of logic and
algorithm whereby the inputs from the sensors
are transduced into an electrical signal. The
electrical signal is either a digital signal with a
binary type wave output or an analog signal in
which the amplitude of the signal is related to
and effects a control function in accordance
with the degree of amplitude of the output
signal.

U.S. Patent No. 4129105 reveals one known
method and apparatus, which remotely controls
an auxiliary air supply to an internal combustion
engine, continuously senses the physical data
relevant to efficient fuel burning, continuously
supplies the information to a micro-processor in
order to effect a transduced electrical signal,
communicates the said signal to a rectilinearly
movable actuator in the form of an armature
having a pair of coils surrounding an iron core,
and utilises the movement of the armature to
effect adjustment of a butterfly valve in the air
supply. The effect of an adjustment is in turn
sensed, so that a closed loop control network is
formed. A modified armature utilises a single
coil cooperating with a permanent magnet.

However, it has been beyond the art to
produce a simple device which can transduce
the described electrical signal output of the
microprocessor 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,
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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 compo-
nents which are within effective economic cost
range. For example, components which are
theoretically capable of achieving the fore-
going results are either too expensive and must
be custom constructed, or do not lend them-
selves to large scale manufacture and a capa-
bility of proper functioning within the range of
the expected stack-up of tolerances and overall
operating conditions encountered in conven-
tional internal combustion engines.

However, probably the most difficult problem
remaining from the prior art is that of providing
an actuator, i.e., armature, which is not position
sensitive. In a system of the kind above des-
cribed, it is most important that the response of
the armature should not only be instantaneous,
but for a given input signal should be the same
regardless of the instantaneous position of the
armature when the input signal is received. If
the armature characteristic is not precisely
linear, it is extremely difficult to incorporate a
non-finear characteristic into the signal proces-
sor which will be effective in all armature
positions. Furthermore, it is not sufficient that
the armature shall have a linear characteristic
mechanically, as by means of a biassing spring
of predetermined rate, as disclosed in the
above-mentioned U.S. patent.

Although wvarious rectilinearly movable
actuators other than those actually disclosed in
the above U.S. patent, for example, the actua-
tor known from German Patent Specification
No. 2813752, are known, none are capable of
providing the form of response which is essen-
tial to solution of the outstanding problems of a
remotely controlled fuel/air supply for an
internal combustion engine.

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

Thus, the invention provides an apparatus for
remotely controlling the fuel/air supply to an
internal combustion engine, comprising
remotely disposed sensors continuously
measuring physical data pertaining fo gas
analysis, throttle operation, and pressure and/or
temperature, means comprising a micro-
processor continuously supplied with signals
corresponding to the data information and
effecting a transduced electrical signal, an
electromagnetic drive device to which the
signal is communicated and having an arma-
ture connected to a control member fo control
the fuel/air supply to the internal combustion
engine, the electromagnetic device being
instantaneously and linearly responsive to the
transduced electrical signal, the effects of the
changed air/fuel supply in turn being sensed,
whereby a closed loop control network is
formed and a resilient biassing means deter-
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mining a predetermined position of said arma-
ture, characterised in that the armature is
formed by a longitudinally movable permanent
magnet with north and south pole portions and
associated axially spaced longitudinal coils
each surrounding a respective pole portion, the
coils having longitudinat dimensions
encompassing circumferentially each pole por-
tion throughout the effective range of longi-
tudinal movement of the latter.

In conjunction with the actuator rod and
armature, a pair of springs are preferably provi-
ded, which are adjustable in spring tension and
can effectively determine the critical operating
characteristics of the armature,

It is an important feature of the present
invention that the described armature-coil
arrangement is virtually instantaneously and
linearly responsive to transduced electrical
signals derived from critical sensor elements
which continuously monitor the temperature,
pressure, throttle conditions and oxygen
content. These sensors are continuously in
communication with a microprocessor which
develops a corresponding signal of either digital
or analog characteristics, such signal being
continuously received and transduced into
mechanical movement by the development of
current within the coils of the electromagnet 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 deter-
mined by the sensors and the fuel-air mixture
thereby continuously monitored and provided in
whatever proportionality is necessary to main-
tain optimum conditions as determined by the
sensors. The system as a whole has closed loop
self servo control maintaining a preferred
operating system logic.

As above mentioned, it is a preferred feature
that unique and precise spring adjustments are
available in relation to the armature so that the
mechanical displacement 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
poilution-free and efficient engine operation
and does so by means of individually adjust-
able armatures which are spring adjusted by
mechanical adjustment means, in which the

spring rate and spring response can be inde-.

pendently adjustable.

The features of the present invention will
become apparent from a consideration of the
following description which makes reference to
the accompanying drawings wherein some
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embodiments of the invention are described by
way of example.

in the accompanying drawings:—

Figure 1 is a schematic block diagram of a
microprocessor controlled catalytic converter
system wherein the present invention Iis
utilised; . :

Figure 2 is a diagram of a carburettor show-
ing the various carburettor functions inter-
related to the control apparatus of the present
invention;

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

Figure 8 is an isolated, enlarged, detail view
illustrating an adjustable spring means in an
actuator device, whereby both the spring rate
and 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 can be pulsed at regu-
lar intervals;

Figure 9(a) illustrates a digital, binary, pulsat-
ing wave form in which the actuator device 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 the armature in either of opposite directions;

Figure 9(a) also illustrates a digital, binary,
pulsating wave form in which the actuator
device for the control apparatus is bipolar ener-
gised, i.e. the coils are energised first in one
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 adapted to provide
continuous measurements of operating para-
meters to a microprocessor 18 of conventional
configuration. The microprocessor is not a part
of the present invention, per se, but a typical
microprocessor is available for purposes of the
present invention in the form of an electronic
control module which contains the necessary
program and system of algorithm.

The sensors, which are of conventional
design, are intended to provide such para-
meters 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



5 0034 936 6

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 Figure 2, an actuator device
now referenced 22 is associated with and oper-
ates 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 sec-
tion 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 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 an
idle bleed air valve 43 through a spool valve 44
having a valve rod 46 which has rod end 48 in
contact with bracket end 35, so that move-
ment of armature bracket 30 controls both the
effective cross sectional area of the fuel-
metering orifice 26 and the idle bieed 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 (arrow 21)
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 energizing 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 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 connec-
tor means 52 upwardly, the engine being con-
trolled operates in a rich mixture mode. The
overall control operation consists in integrating
the number of “on” and "off” 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 armature
50 which displaces the connector means 52
does so responsive 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 signal in the form of
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binary signals effects a rapid acceleration of the
armature, displacing it on a time basis almost
instantaneously in a downward movement
against the biassing spring 54, and imme-
diately upon de-energisation of the coils the
electromagnet will be virtually instantaneously
linearly displaced in the opposite direction by
means of the compressed biassing spring 54.
Thus, the above described armature-coil
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 per-
meable casing 68 which serves to contain the
coils 56, 58, and the bobbin 60 provides a stop
70 limiting downward movement of the arma-
ture 50 when it is energised. The upward move-
ment of the armature effected by the spring 54
displaces the connector means 52 upwardly
until it engages a rich mixture stop 38 micro-
metrically adjusted relative to the support 42 as
illustrated in Figure 2. The microprocessor 18
(Figure 1) supplies 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 verti-
cal inclination of the 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.

Typically, the microprocessor may be one
which is fully exemplified within the context of
the C-4, Computer Control Catalytic Converter
system described in the “Citation” Shop
Manual ST365-80, pages 8A-64, 65 and 66, a
publication by General Motors, Chevrolet Divi-
sion.

The apparatus as described in relation to the
actuator device of Figure 3 is alternatively
usable with a binary digital signal having a
wave characteristic such as that illustrated in
Figure 9(d), wherein the binary signal wave
varies from plus one to minus one. In this
instance, the coils are energised in either one of
opposite directions of current flow, and the
spring 54 and another oppositely compressible
spring (not shown) are utilised to achieve a
"neutral” position for the armature. The latter is
then either energised positively in an up direc-
tion or positively in a down direction against the
coacting and oppositely compressible springs
which in the absence of energisation of the coils
cause the armature to be spring displaced to a
neutral position corresponding to an average
amplitude of zero of the wave. Thus, when the
wave is positive, i.e. at plus one, the coils are
energised with current flow in one direction to
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effect a downward force of the armature 50
against the resistance of the spring 54, and
when the wave goes negative, i.e. to minus one
during the duty cycle of approximately 100
milliseconds, the current direction is reversed to
cause an upward, force of the armature 50
against the resistance of the oppositely
compressible spring (not shown). The resuitant
net position of the armature 50 and the connec-
tor means 52 will be determined according to
the time average of the magnetic forces and the
spring characterisfics.

Referring to Figure 4, there is again illustra-
ted 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 substantially 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 control-
ling 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
jower end of the armature 50 is an elongated
rod 81 having a metering pin 82 controlling the
effective cross-sectional area of a fuel meter-
ing orifice 84 again in a somewhat different
manner than that illustrated in Figure 2.

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
opposite end bearing against the pole piece 64,
thereby urging the armature 50 upwardly in an
orifice opening direction in relation to fuel-
metering and in an orifice closing direction in
relation to air control. Thus, when the armature
is not energised, the mixture tends to be a rich
mixture, meaning that there is a higher ratio of
fuel to air than during the null position or off
position of the armature. When the sensors
induce the microprocessor to develop a posi-
tive signal and the wave progresses from a zero
to a “one” amplitude to commence a duty cycle
(Figure 9), the coils 56, 58 receive a current
which causes the armature 50 to be displaced
downwardly against the resistance of the spring
86. Thus, referring to Figures 9 and 4, when-
ever a binary digital signal is developed
commencing from zero to one and as long as
the duty cycle exists for the period O to 100
milliseconds, the armature 50 will be displaced
downwardly in an “on” position causing the
metering pin 82 to move into the orifice 84 to
reduce its effective cross-section and thereby
reduce the amount of fuel. In relation to a
greater amount of air, when the armature 50
moves downwardly the metering pin 78 is
displaced outwardly from the orifice 80 increas-
ing its effective cross section so that the fuel-air
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ratio produced represents a much leaner mix-
ture.

This monitoring and control of the fuel-air
ratio is effected by the movements of a throttle
valve being sensed by sensors in a closed-loop
servo system, which sensors in turn actuate the
microprocessor, the microprocessor in turn
developing the duty cycle as illustrated in Figure
9 and the binary signal then being used as the
operating parameter for the armature 50. In this
way, the engine operating conditions are
continuously sensed, which includes the moni-
toring 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 corres-
ponding position 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 b, there 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 micro-
metrically. There is an ability to control the
effective cross-sectional area of the orifices not
merely on a statistical on-off basis with the
averaging principle utilised for achievement of
the correct air-fuel ratio, but instead the posi-
tioning of the metering pins relative to the ori-
fices is measured continuously and is adjusted
by means of an analog signal in the manner
which will next be described.

in this embodiment, there is an armature 50
having two pole pieces 64, 66 which are
displaced by means of closely surrounding
circumposed coils 56, b8, respectively. The
coils are wound on a bobbin 60. There is a
closely surrounding casing 68 which is
magnetically permeable as before described. At
the one end of the armature there is an elonga-
ted rod 72 and a metering pin 78 which con-
trols 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 armature 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 quan-
tity of fuel that is delivered through the
carburettor to the engine.

The movement of the armature 50 is also
controlled by means of two spaced springs 86
and 86a. Spring 86 is compressed between an
adjustable nut 92 which is 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 the threaded outer surface of the
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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 time-aver-
aged value of current in the coils 56 and 58.

In this embodiment, unlike the prior embodi-
ments, the sensors act through the micro-
processor 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 illustra-
ted 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 accor-
dance with the parameters of oxygen content,
pressure, temperature, throttle position etc.,
these all being parameters sensed by the
sensors for processing through the micro-
processor in a closed-loop servo system. The
described embodiment is responsive to a con-
tinuous sensing by the sensors and positions
the metering pins relative to the air and fuel ori-
fices thereby determining the operating charac-
teristics of the engine, which 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 that in turn determine the output
characteristics of the engine.

Referring next to the embodiment shown in
Figure 8, the armature, bobbin, coil and casing
are virtually the same as before described.
There is a slightly different configuration of the
metering pin 82, which has the form of con-
stant cross-sectional area metering pin 82a in
Figure 6, and likewise metering pin 78 is
replaced by a constant cross-sectional area
metering pin 78a. The characteristics of the
device in Figure 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 elongated
rod 81 and a spring 105 compressed between
the nut 106 and a shoulder 107 in an elonga-
ted sleeve 90. Adjustment of the nut 106 deter-
mines the neutral position of the armature 50.
The “gain” is a variation in the response of the
device to an energising signal and may be
varied by the origina! adjustment of the device
but remains relatively fixed thereafter. In opera-
tion, the current magnitude in the coils effects a
particular positioning of the metering pins 78a,
82a by micrometric adjustments in accordance
with the time-average value of the digital signal
of Figure 9(a) or the amplitude of the analog
signal (Figure 10).

Referring next to the embodiments shown in
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Figures 7 and 8, there is illustrated a further
embodiment of the invention wherein the
actuator device is again responsive 10 a time-
average value of the digital signal of Figure 9{a)
or the analog signal of Figure 10 for micro-
metric adjustment of the air and fuel orifices by
co-acting metering means. The metering of the
orifices is accomplished by the device gener-
ally described 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 the slight differences in
construction, the entirety of the device will be
described. Again, as in the previous embodi-
ments, 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 is the
bobbin 60 supporting two coils 56, 58 which
upon energisation effect a mechanical displace-
ment of the armature. The amount of the
current for energising the coils is in accordance
with the characteristics of a variable signal
developed by the microprocessor, the charac-
ter of the signal and its duration being developed
by the algorithm of the microprocessor. Just as
in the previous embodiments, a magnetically
permeable casing 68 surrounds the coils and
assists in directing the magnetic flux during
energisation of the coiis. At one end of the
armature is a displaceable driveplate 52a. A
fixed bridge 108 includes a nut 110 which is
adjustable relative to the bridge. The nut 110 is
rotated in order to displace longitudinally a ceil
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 inter-
nal screw 114 that screws within the inner dia-
meter 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
of spring coils that are operative under
compression or expansion at any given arma-
ture position. The “gain” is thus controlled once
the spring has been positioned by rotation of
the nut 110. By adjustment of the nut 110 and
screw 114, it is possible to determine the
neutral or null position and response charac-
teristics 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 adjust-
ment characteristics which enable the user to
vary the static position and response of the
device to a given input signal. These two adjust-
ments are relatively easy to obtain and can be
carried out not only initially to calibrate the
apparatus but also are available throughout the
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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 con-
tinuous basis, the microprocessor output signal
being related to the conditions of operations as
determined by the sensors 10, 12, 14 and 186.
This also is shown schematically in Figure 11 in
which the sensors are shown as having inputs
to the microprocessor 18. The output is in the
form of digital binary signal supplied
continuously to the air-fuel ratio actuator
designated generally by reference numeral 20.
The signal, which is utilised for the device in
Figure 3, is a binary signal having a wave form
as shown in Figure 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 communicated 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 arma-
ture 50 causes displacement of the connector
means 52 in a downward direction indicated by
the arrow 21 in Figure 3 and produces a selec-
tive positioning of the valve rod 46 and the fuel-
metering rod 23 illustrated in Figure 2. These
two control members thereby determine the
amount of fuel which is effectively metered
through orifice 26 and the amount of idle bleed
air controlled by the spool valve 44. This deter-
mines the air-fuel ratio which is carburetted and
then communicated to the cylinders of an inter-
nal combustion engine (not shown). The output
of the engine is then again sensed directly or
indirectly by the sensors 10, 12, 14 and 16
illustra.ad in Figures 1 and 11, thereby defining
a closed-loop feedback system following the
flow path in Figure 11. When the signal as
shown in Figure 9 ends its on or binary 1 inter-
val, 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 bleed air spool 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 response
time of such a signal and the task of attempt-
ing mechanically to transduce that signal into
the nearly instantaneous positioning of valves
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has proved quite difficult in the art; a charac-
teristic of the invention is that it does have such
an almost instantaneous response. Thus, the
required current magnitude for full energisation
of the coils in the device is almost
instantaneously achieved because of the
constructional features of the combination
armature, bobbin and casing. The response of
the armature to coil energisation for mechani-
cal transducing, i.e. positioning of the metering
rod 23 and valve 44 relative to the metering ori-
fice 26 and idle bleed air valve 43, is that imme-
diately upon build up of current in the coil there
is an instantaneous force developed on the
armature, and the armature is of such size and
magnetic coupling qualitigs with the field that it
develops an almost instantaneous displace-
ment and thereby a very highly responsive posi-
tioning of the valve and metering rod.

Resulting from this, it is another major
feature of the present invention that, by
electronic adjustment of the duty cycle in any 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
produce the overall desired air-fuel ratio. This
corresponds to the well-known principle of
"averaging” to achieve the desired operating
condition.

Referring next to the operation of the analog
type 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 Figures 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 producing a

.corresponding current generation in the coils of

the control device 20. For example, the micro-
processor 18, which can produce either a digital
or analog output, produces in one instance an
analog signal which vields a value of current
within the coils as determined by the magni-
tude 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 charac-
teristics 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 appro-
priate positions occurs almost instantaneously
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 responsive to either _
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signals which are of a digital (binary) or analog
characteristic. Some devices of the art are not
compatible with a selectively determined signal
of either analog or digital characteristics.

The actuator devices shown in Figures 6 and
7 are virtually the same functionally as the
analog device illustrated and described in detail
for Figure 5. Therefore, the operation of the
devices 6 and 7 will not be repeated in detail
since they follow essentially the same as the
already described species of Figure 5. How-
ever, the device of Figure 7 embodies certain
unique mechanical adjustments by which its
response is more closely and selectively correla-
ted 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 consist-
ing of a nut 110 which is rotatable relative to its
support, namely fixed bridge 108, such move-
ment being effective to advance the coil spring
112 through the central opening of the nut 110
and thereby longitudinally position the attached
armature 50 to a preferred position relative to
the coils 56, 58. Additionally, such an advanc-
ing movement of the coil spring 112 deter-
mines the effective number of coils that posi-
tion the armature 50 when the coils are de-
energised. There is an internal screw 114 which
can advance below the nut 110 and internally
of the spring 112, the screw having the same
pitch at its outer surface as the inner spring
circumference whereby the screw adjusts the
number of effective spring coils and thereby the
response to a given signal input. The first des-
cribed adjustment is also effective for deter-
mining 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 opera-
tion of the actuator device the pole pieces at all
times be within the circumscribed area of the
coils so that the response 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
obtainable by virtue of the nut 110 and coil
spring 112 advancing or retracting the arma-
ture 50 whereby the neutral 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 direc-
tion by the engagement of the pole piece 64
with the stop 70 of the bobbin 60.

Claims

1. An apparatus for remotely controlling the
fuel/air supply to an internal combustion engine,
comprising remotely disposed  sensors
continuously measuring physical data per-
taining to gas analysis, throttle operation and
pressure and/or temperature, means compris-
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ing a microprocessor continuously supplied
with signals corresponding to the data informa-
tion and effecting a transduced electrical signal,
an electromagnetic drive device to which the
signal is communicated and having an arma-
ture (50} connected to a control member to
control the fuel/air supply to the internal
combustion engine, the electromagnetic device
being instantaneously and linearly responsive to
the transduced electrical signal, the effects of
the changed air/fuel supply in turn being
sensed, whereby a closed loop control network
is formed, and a resilient biassing means deter-
mining a predetermined position of said arma-
ture, characterised in that the armature (50) is
formed by a longitudinally movable permanent
magnet (62) with north and south pole por-
tions (64, 66) and associated axially spaced
longitudinal coils {56, 58) each surrounding a
respective pole portion, the coils having longi-
tudinal dimensions emcompassing circum-
ferentially each pole portion throughout the
effective range of longitudinal movement of the
latter.

2. A control apparatus in accordance with
claim 1, characterised in that the drive device
further comprises a control rod (81) secured to
said armature (50), two independently oper-
able adjusting nuts {92, 102) on a threaded por-
tion of said control rod (81), the resilient bias-
ing means comprising respective spring means
(86, 86a) individually adjusted by each adjust-
ing nut, one (86) of said spring means opera-
tively bearing against a fixed portion of said
drive device and biassing one (92) of the adjust-
ing nuts and the control rod and armature in
one direction, the other (86a) of the spring
means being operatively fixed and opposing
said one spring means (86) in cooperation with
said second adjusting nut {102), whereby said
spring means (86, 86a) determine a neutral
position of said armature (50), when the coils
are not energised.

3. A control apparatus in accordance with
claim 1, characterised in that said drive device
further comprises a control rod (81) secured to
said armature (50), an adjusting nut (106)
received on a threaded portion of said control
rod (81), the resilient biassing means compris-~
ing two opposed spring means (104, 105} each
bearing at one end against a fixed portion of the
device and at the other end against the adjust-
ing nut (106), said spring means {104, 105)
determining the neutral position of said arma-
ture {50) when the coils are unenergised.

4. A control apparatus in accordance with
claim 1, characterised in that the resilient bias-
sing means comprises a spring means (112)
secured at one end to the armature and the
other end received by an adjusting nut (110),
the drive device also including a screw
{114) disposed within the spring means {112)
and adjusting nut (110), whereby adjustment of
the nut and screw varies the neutral position of
said armature and the spring response.
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Revendications

1. Dispositif pour commander a distance
I'alimentation air/carburant d'un moteur a
combustion enterne qui comprend des cap-
teurs disposés a distance qui mesurent en con-
tinu des données physiques se rapportant a
I'analyze des gaz, au fonctionnement de
I'accélérateur et & la pression et/ou & la
température, des moyens comprenant un
microprocesseur alimentés en continu avec des
signaux correspondant aux informations
concernant les données et produisant un signal
électrique transformé, un organe d’actionne-
ment électromagnétique auquel le signal est
communiqué et qui comporte une armature
(50) reliée & un organe de commande afin de
commander I'alimentation air/carburant du
moteur & combustion interne, le dispositif élec-
tromagnétique répondant instantanément et de
fagon linéaire au signal électrique transformé,
les effets du changement de I'alimentation
air/carburant étant, de leur c6té, détectés, form-
ant ainsi un réseau de commande bouclé, et des
moyens de sollicitation élastiques déterminant
une position prédéterminée de ladite armature,
caractérisé en ce que I'armature {50) est formée
par un aimant permanant mobile longitudinale-
ment (62) comportant des pdles nord et sud
(64, 66) et des bobines longitudinales espacés
axialement (56, 58) associées a ceux-ci, et dont
chacune entoure le pble respectif, les dimen-
sions longitudinales de ces bobines étant telles
qu’elles encerclent chaque pdle tout au long de
la course effective du mouvement longitudinal
de celui-ci.

2. Dispositif de commande selon la reven-
dication 1, caractérisé en ce que le dispositif
d'actionnement comprend, en outre, une tige de
commande (81) fixée & ladite armature (50),
deux écrous de réglage pouvant étre tournés de
fagon indépendante (92, 102) sur une partie
filetée de ladite tige de commande (81), les
moyens de sollicitation élastiques comprenant
des ressorts (86, 86a) ajustés individuellement
par chaque écrou de réglage, l'une desdits
ressorts (86) prenant appui effectivement
contre une partie fixe dudit dispositif
d'actionnement et sollicitant 'un des écrous
de réglage (92), ainsi que la tige de commande
et l'armature dans une premiére direction,
I'autre ressort (86a) étant fixé et s'opposant au
premier ressort (86) en coopération avec le
second écrou de réglage (102), ce qui fait que
lesdits ressorts (86, 86a) déterminent une posi-
tion neutre de ladite armature (50), quand les
bobines ne sont pas excitées.

3. Dispositif de commande selon la reven-
dication 1, caractérisé en ce que ledit dispositif

d'actionnement comprend, en outre, une tige de-

commande (81) fixée a ladite armature (50), un
écrou de réglage (106) regu sur une partie
filetée de ladite tige de commande (81), des
moyens de sollicitations élastiques comprenant
deux ressorts opposés (104, 105) dont chacun
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prend appui, i I'une de ses extrémités, contre
une partie fixe du dispositif et  'autre extrémité
contre la vis de réglage (106), lesdits ressorts
(104, 105} déterminant la position neutre de
fadite armature (50) quand les bobines ne sont
pas excitées.

4. Dispositif de commande selon Ia
revendication 1, caractérisé en ce que les
moyens de solliciation élastiques comprennent
un ressort {112) dont 'une des extrémités est
fixée & I'armature et dont l'autre est regue par
un écrou de réglage (110), le dispositif
d’actionnement comprenant également une vis
{114) disposée a I'intérieur du ressort (112), et
un écrou de réglage (110), ce qui fait que le rég-
lage de 'écrou et de la vis fait varier la position
neutre de ladite armature et la. réponse du
ressort.

Patentanspriiche

1. Vorrichtung zur Ferneistellung der Treib-
stoff-/Luftzufiihrung an einen Verbrennungs-
motor, mit entfernt angeordneten MeBfiihlern,
die kontinuierlich physikalische Daten messen,
die sich auf eine Gasanalyse, die Drossel-
klappenbetétigung und den Druck und/oder die
Temperatur beziehen, mit einen Mikro-
prozessor umfassenden Einrichtungen, denen
kontinuierlich Signale zugefiihrt werden, die der
Dateninformation entsprechen und die ein
umgewandeltes elektrisches Signal hervorru-
fen, mit einem elektromagnetischem Stell-
glied, dem das Signal zugefiihrt wird und das
einen Anker (50) aufweist, der mit einem
Steuerglied zur Steuerung der Treibstoff-
/Luftzufiihrung an den Verbrennungsmotor ver-
bunden ist, wobei das elektromagnetische Stell-
glied momentan und linear auf das umge-
wandelte elektrische Sighal anspricht” und die
Auswirkungen der gednderten Luft-/Treibstoff-
zuflhrung ihrerseits gemessen, werden, so dafl
ein in geschlossener Schleife betrieberes Steuer-
netzwerk gebildet wird, und mit einer elasti-
schen Vorspanneinrichtung, die eine vorge-
gebene Position des Ankers festlegt, dadurch
gekennzeichnet, daR der Anker (50) durch einen
in Langsrichtung beweglichen Permanent-
magneten (62} mit Nord- und Sidpolteilen
(64, 66) und zugehorige in axialem Abstand
angeordnete l&ngsgerichtete Wicklungen (58,
58) gebildet ist, die jeweils einen jeweiligen
Polteil umgeben, und daR die” Wickiungen
Langsrichtungsabmessungen aufweisen, die in
Umfangsrichtung jeden Polteil (iber den wirk-
samen Bereich der l&ngsgerichteten Bewegung
des Polteils umgeben.

2. Steuervorrichtung nach Anspruch 1, da-
durch gekennzeichnet, daR das Steliglied
weiterhin eine an dem Anker (50) befestigte
Betédtigungsstange (81) und zwei unabhéngig
betatigbare Einstellmuttern (92, 102) auf einen
Gewindeabschnitt der Betétigungsstange (81)
aufweist, daR die elastische Vorspanneinrich-
tung jeweilige Federelemente (86, 86a) umfafdt,
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die getrennt durch jede Einstelimutter einstell-
bar sind, wobei sich eines {86) der Federele-
mente betriebsmiRig gegen einen festen Teil
des Stellgliedes abstiitzt und eine (92) der
Einstelimuttern und die Betétigungsstange und
den Anker in einer Richtung vorspannt, wéh-
rend das andere Federelement (86a) betriebs-
méaRig festgelegt ist und dem einen Feder-
element (86) zusammen mit der zweiten Ein-
stellmutter (102} entgegenwirkt, so da® die
Federelemente (86, 86a) eine neutrale Position
des Ankers {50) festlegen, wenn die Wick-
lungen nicht angesteuert sind.

3. Steuervorrichtung nach Anspruch 1, da-
durch gekennzeichnet, daR das Steliglied
weiterhin eine an dem Anker (50) befestigte
Betatigungsstange (81) aufweist, daR eine Ein-
stellmutter (106) von einem Gewindeteil der
Betatigungssange (81) aufgenommen wird,
daR die elastische Vorspanneinrichtung zwei
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10

entgegenwirkende Federelemente (104, 105)
aufweist, die sich jeweils an einem Ende gegen
einen festen Teil des Stellgliedes und am
anderen Ende gegen die Einstellmutter (106)
abstlitzen, und daR die Federelement (104,
105) die neutrale Stellung des Ankers {50) fest-
legen, wenn die Wicklungen nicht angesteuert
sind.

4. Steuervorrichtung nach Anspruch 1, da-
durch gekennzeichnet, dal die elastische Vor-
spanneinrichtung ein Federelement (112) auf-
weist, das an einem Ende an dem Anker
befestigt ist und am anderen Ende von einer
Einstellmutter (110) aufgenommen ist, daB® das
Stellglied weiterhin eine Schraube (114) ein-
schlief3t, die innerhalb des Federelementes
(112) und der Einstellmutter (110) angeordnet
ist, wobei _eine Einstellung der Mutter und der
Schraube die neutrale Position des Ankers und
das Federansprechverhalten &ndert.
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