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FLUIDIC CONTROL APPARATUS FOR FUEL 
INJECTION SYSTEMS ‘ 

BACKGROUND OF THE INVENTION 

, The present invention relates to fuel injection sys 
tems for internal. combustion engines, and more partic 
ularly to a novel approach for controlling fuel injection 
systems. 
Improper carburetion is a signi?cant factor contrib-i 

uting to air pollution by internal combustion engines. 
Improper fuel-air mixtures produce inefficient opera 
tion and, in many cases, an incomplete or total absence 
of combustion with'the resulting discharge of uncom 
busted fuel into the atmosphere. 
The carburetor is most widely used for controlling 

the fuel-air mixture in internal ‘combustion engines. De 
spite their wide use, carburetors are not capable of pre 
cise control of the fuel-(air mixture or ratio'for all en~ 
gine operating conditions. Thus, matching carburetion 
to engine speed is largely a matter of compromise. 
Moreover, carburetors, in time, fall out of adjustment 
and are easily fouled. 
Fuel injection systems are well known and are capa 

ble of more accurately and reliably controlling the fuel~ 
air mixture. However such systems are considerably 
more expensive than carburetors and thus their use has 
been limited to large engines or high performance, spe 
cial purpose‘engines where the additional expense can 
be justified. A ‘significant portion of the expense of fuel 
injection systems resides in the apparatus for control 
ling the fuel injection valves. 7 

It is accordingly an object of the present invention to 
provide an improved fuel injection system for internal 
combustion engines. . , . 

An additional object is to provide a fluidic control for 
fuel injection systems. ' 

Still another object is to provide a ?uidic control of 
the above character, which is efficient and reliable in‘ 
operation, and yet‘is inexpensive to manufacture. 
Other objects of the invention will in part be obvious 

and in part appear hereinafter. 

SUMMARY OF THE INVENTION 
In accordance with the present invention, there is 

provided a first sensor for monitoring the operating 
speed of an internal combustion engine. The mass air 
flow into the intake manifold of the engine is monitored 
by a second sensor. The sensors are adapted, in accor 
dance with the principles of the present invention, to 
provide digitized fluidic output signals indicative of the 
instantaneous engine speed and the instantaneous mass 
flow of air into the intake manifold. 
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2 
Further in accordance with the invention, the engine 

speed sensor synchronizes the timing of the load signal 
pulses relative to each engine cycle such that the fuel 
is injected at the proper time. - 
For multi-cylinderinternal combustion engines, the 

sensor outputs are applied to plural fluidic logic circuits 
to derive discrete ?uidic load signals to separate fuel 
injection valves associated with the various engine cyl~ 
inders. To accommodate the fact that the reciproca~ 
tions of the pistons in the various cylinders are rela 
tively phased, the fluidic output signals of the engine 
speed sensor supplied to the various ?uidic logic cir 
cuits are correspondingly time phased.- As a conse 
quence, the resulting load signal pulses are also appro 
priately phased in time, in order that fuel injection for 
a particular cylinder is initiated at the proper time dur 

~ ing the reciprocation cycle of the piston therein, as well 
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These digitized ?uidic output signals are processed in ’ 
?uidic logic circuitry to derive a ?uidic signal propor 
tional to engine load for controlling a fuel injection 
valve to admit a determined amount of fuel. 
More speci?cally, the digitized sensor output signals 

are processed by the ?uidic logic to, in effect, enter a 
theoretically optimum load curve for the internal com 
bustion engine on the basis of the prevailing engine 
speed and prevailing mass air flow into the intake mani 
fold, pursuant to deriving the appropriate load signal. 
The informational aspect of the load signal is, in accor 
dance with the present invention, its pulse duration 
which is utilized to control the duration the fuel injec 
tion valve is opened and thus the amount of fuel in 
jected. 

65 

as for the appropriate time duration. 
The invention accordingly comprises the features of 

construction, combination of elements and arrange 
ments of parts which will be exempli?ed in the con 
struction hereinafter set forth, and the scope of the in 
vention will be indicated in the claims. 
For a fuller understanding of thenature and objects 

of the invention, reference should be had to the follow 
ing detailed description taken in‘ connection with the 
accompanying drawings, in which: ‘ 

‘FIG. 1 is a block-diagram of a fluidic controlled fuel 
injection system illustrating the principles of the pres 
ent invention; and I 
FIG. 2 is a detailed fluidic logic and schematic dia 

gram illustrating a speci?c embodiment of the inven 
tion. _ . . - 

Like reference numerals refer to corresponding parts 
throughout the several views of the drawings. 

DETAILED DESCRIPTION 
The apparatus of the invention is generally illustrated 

in FIG. 1 as including anengine speed sensor, generally 
indicated at 50, which is mechanically linked to an in 
ternal combustion engine 52, as‘repres‘ented by, the 
dash line 54, to monitor engine ‘RPM. The internal 
combustion engine is assumed to be a four cylinder en 
gine, however, it will be apparent from the description 
to follow that the apparatus of the present invention 
can readily be adapted to control a fuel injection sys 
tem for an engine having any number of cylinders. 
The engine speed sensor 50 develops fluidic outputs, 

indicative of engine speed, which are supplied via flu 
idic connections 56, 58, 60 and 62 to separate, but 
identically constructed, fluidic logic circuits 64, 66, 68 
and 70. As will be seen, sensor 50 may also be consid 

. ered as'a crank angle sensor. A sensor 72 is coupled by 
a, ?uid connection 74 to the throat of a venturi section 
76, included in'the input end of an intake manifold 78 
for the internal combustion engine,‘ to monitor the mass 
flow, i.e., velocity, of air into the intake manifold, as 

- controlled by throttle 79. This mass air ?ow sensor pro 
vides a ?uidic output, representative of mass air ?ow, 
for application over fluidic connection 80 to each of 
the ?uidic logic circuits 64, 66, 68 and 70. The ?uidic 
outputs from sensors 50 and 72 are processed by the 
various ?uidic logic circuits to derive separate load sig 
nals, indicative of the engine load, which are supplied 
over individual ?uidic connections 82, 84, 86 and 88 to 
control respective fuel injection valves 90, 92, 94 and 
96. These injection valves admit a determined amount 
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of fuel supplied thereto under constant pressure by a 
fuel pump 98 via a ?uid connection 100. 
As is well known,thc reciprocation cycles of the pis 

tons in a four cylinder engine are phased 90° apart, and 
thus the load signals derived by the four fluidic logic 
circuits must be correspondingly time phased, such that 
fuel is injected at the appropriate time in the reciproca 
tion cycle of each piston. As will be seen from FIG. 2, 
appropriate phasing of the load signals is controlled by 
the engine speedsensor 50, which is effectively syn 
chronized to the operating cycles of the various pistons. 
It will be appreciated that the invention is applicable to 
internal combustion engines having any number of cyl 
inders. - 7 

As will be seen more clearly from FIG. 2, the ?uidic 
outputs from the engine speed sensor 50 and from the 
mass air flow sensor 72 consist of plural, digitized ?u 
idic output signals which are processed by the various 
fluidic logic circuits to effectively enter a theoretically 
optimum load curve for the particular internal combus 
tion engine on the basis of the prevailing engine speed 
and the prevailing mass air ?ow into the intake mani 
fold, pursuant to deriving phased fluidic load signals for 
controlling the various fuel injection valves. Specifi 
cally, the load signals are in the form of ?uidic signal 
pulses which are ' properly timed relative ‘to engine 
speed and are of appropriate durations to control the 
open time interval for the various fuel injection valves, 
thus determining the amounts of fuel injected. 
Now turning to FIG. 2, the engine speed sensor 50 

comprises, in the illustrated embodiment of the inven 
tion, an annular ring, schematically indicated at‘ 102, 
for mounting a circular array of appropriately spaced 
?uidic sensors, schematically indicated at 104 and 
numbered 1 through 28 around the mounting ring. A 
semi-circular disc 106 is rotated coaxially with ring 102 
in synchronism with the internal combustion engine via 
mechanical linkage v54 (FIG. 1). In practice, the disc 
106 may be linked to the engine cam shaft and thus is 
rotated at one-half the engine speed. 
The ?uidic sensors 104 may take a variety of forms, 

so long as they have the capability of developing digi 
tized fluidic output signals depending upon whether or 
not the periphery of disc 106 is in opposed relation 
thereto. Suitable ?uidic sensors for use‘ in the engine 
speed sensor 50 are back pressure sensors, such as 
shown in US. Pat. No. 3,545,256. In the application of 
these specific ?uidic sensors to the engine speed sensor 
50, they operate to develop relatively high fluidic pres 
sure or logical ONE output signals as long as the pe 
riphery of disc 106 is in contiguous, opposed relation 
to their discharge ori?ces. On the other hand, when the 
periphery of disc 106 is not in opposed relation to their 
discharge ori?ces, they develop relatively low ?uidic 
pressure or logical ZERO fluidic output signals. 
The ?uidic output signal developed by fluidic sensor 

No. 28 (also designated by the letter A), together with 
the ?uidic output signals developed by ?uidic sensors 
Nos. 1 through 12 are supplied over separate ?uidic 
connections to ?uidic logic 64. Although not speci? 
cally shown, it will be understood that the ?uidic out 
put signals generated by fluidic sensors Nos. 7 through 
12 are also supplied to fluidic logic 66 (FIG. 1), to 
gether with the fluidic output signals generated by ?u 
idic sensors Nos. 13 through 19. The fluidic output sig 
nals developed by fluidic sensors Nos. 14 through 19 
are also supplied to the fluidic logic circuitry 68, to 
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4 
gether with the ?uid output signals developed by fluidic 
sensors Nos. 20 through 26. Finally, the fluidic output 
signals developed by ?uidic sensors 21 through 28 and 
1 through 5 are also supplied to ?uidic logic 70. 
As will be seen, the ?uidic output signal developed by 

?uidic sensor No. 28 (letter A) constitutes a synchro 
nizing signal which is supplied as an input to a pair of 
NOR gates 110 and 112, included in the ?uidic logic 
circuitry 64 detailed in FIG. 2. The output of ?uidic 
NOR gate 112 is connected through a ?uidic delay line 
113 as a second input to fluidic NOR gate 110, such 
that these two gates function as a monostable multivi 
brator of“one-shot” circuit 11 1. The ?uidic output sig 
nals developed by ?uidic sensors Nos. 1 through 12 are 
respectively connected as one input to each of a plural 
ity of two input fluidic NOR gates, commonly indicated 
at 114 and numbered 1a through 12a, also included in 
logic circuitry 64. 

It will be understood that the ?uidic output signal 
generated by ?uidic sensor No. 7 (letter B) is supplied 
as a synchronizing signal to ?uidic logic circuitry 66, 
while the ?uidic output signal from fluidic sensor No. 
14 (letter C) is supplied as a synchronizing signal to ?u 
idic logic circuitry 68 and the fluidic output signal de 
veloped by ?uidic sensor No. 21 (letter D) is supplied 
as a synchronizing signal to fluidic logic circuitry 70. It 
will be noted that these fluidic sensors Nos. 28, 7, l4 
and 21, also designated A through'D, are spaced 90° 
apart, and thus the synchronizing signals generated by 
these fluidic sensors can conveniently be utilized to 
achieve the appropriate 90° phasing between the fluid 
load signals generated by the four, identically con 
structed, ?uidic logic circuits. 
The mass air flow sensor 72, illustrated schematically 

in FIG. 2, comprises an annular member 120 for 
mounting a spaced array of ?uidic sensors, indicated at 
122 and numbered lb through 12b. These fluidic sen 
sors may be of the same type used in the engine speed 
sensor 50. A semi-circular disc 124 is mechanically 
linked, as diagrammatically indicated at 126, to a vac 
uum meter movement 128, which is coupled by ?uid 

' connection 72 to respond to the pressure at the throat 
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of venturi section 76 included in the input end of the 
intake manifold 78. The response of the vacuum meter 
movement 128 is effective to selectively angularly posi 
tion disc 124, such that its periphery is in contiguous, 
opposed relation to the discharge orifices of an appro 
priate number of ?uidic sensors 122. As the mass air 
?ow through venturi section 72 is increased by throttle 
79, the pressure at the_venturi throat decreases and the 
vacuum meter movement 128 responds by rotating disc 
124 in the clockwise direction to increase the number 
of fluidic sensors 122 opposed by the disc periphery. 
The fluidic output signals developed by ?uidic sensors 
Nos. 1b through 12b are separately connected as the 
second input to each of the NOR gates Nos. 1a through 
12a. Thus, the fluidic output signal from fluidic sensor 
No. 1 of the engine speed sensor is gated with the flu 
idic output signal from fluidic sensor No. 1b of the mass 
air ?ow sensor in NOR gate No. 1a, and so on. 
The outputs of NOR gates Nos. la through 40 are 

gated together in a four input NOR gate 130, while the 
outputs of NOR gate Nos. 5a through 8a are gated to 
gether in a NOR gate 132 and the outputs NOR gates 
Nos. 9a through 12a are gated together in a NOR gate 
134. The outputs of NOR gates 130, 132 and 134 are 
complemented by NOR gates 136, 138 and 140 and 



5 
supplied as separate inputs to a three input‘NOR gate 
142, The output of this NOR gate is complemented in 
a NOR gate‘ 144 and supplied as one input to a three 
input NOR gate 146. ‘ ‘ 

The output of NOR gate 110, of monostable multivi 
brator 111 is'gated with the output of NOR gate 146 in 
a two input NOR gate 148. The output of this NOR 
gate is'supplied directly as a second input to NOR‘ gate 
146 and is also’complemented in a NOR gate 150 and 
coupled through a ?uidic delay line 152 as the third 
input to NOR gate 146. In addition, the output of NOR 
gate 148 is complemented in NOR gate 154 and sup 
plied to a fluidic power amplifier 156, whose output 
constitutes the ?uidic load signal supplied over fluidic 
connection 82 to control fuel injection valve 90. This 
valve may be any suitable type of conventional air 
operated valve which opens when a pulse of air is ap 
plied to it and closes when the air pulse terminates. As 
will be seen, the ?uidic load signal is ‘in the form of a 
pulse, whose pulse interval determines the length of 
time the valve element 90a of the fuel injection valve 
must be open in order to‘ inject the proper amount of 
fuel for mixture with air in the intake manifold 78, 
which miitture is then admitted through intake‘ valve 
158 into cylinder 160 during the suction stroke of pis 
ton 162 operating therein. 

‘ Fluidic NOR gates are well know in the art and may 
take a variety of forms. Package structures are avail 
able which include a plurality of NOR‘ logic elements, 
each having a four input capability. Such structures are 
shown in U.S. Pat. Nos. 3,512,558 and 3,495,608. Flu 
idic power ampli?er 156 simply ampli?es the pulse out 
put from NOR gate 154 in order that the load signals 
at its output has sufficient drive'capability. A suitable 
fluidic power ampli?er is shown , in US. Pat. No. 
3,507,295. > I i 

‘The operation of the fluid‘ logic circuits in conjunc 
tion with the two sensors 50 and 72 will now be de 
scribed. Assume that disc 106 of the engine speed sen 
sor 50 is rotated in the clockwise direction'and that its 
trailing edge is about'to pass the discharge ori?ce of 
fluid sensor No. 28, which has as one of its‘ functions 
the generation of the synchronizing signalfor fluidic 
logic circuit 64.‘Until the‘trailing edgeof disc 106 
passes fluid sensor No. 28, its fluidic output signal is a 
logical ONE, which is effective to disable NOR gate 
110_such that its output is held to a logical ZERO. Simi 
larly this logical ONE input is complemented by NOR 
gate 112 to a logical ZERO which is supplied through 
?uidic delay line element 113 as an enabling input to 
NOR gate 110. Since the discharge ori?ces of ?uidic 
sensors Nos. 1 through 12 are blocked by the periphery 
of disc 106, their resulting logical ONE outputs are ef~ 
fective to disable each of the NOR gates 114. The re 
sulting logical ZERO outputs'of these NOR gates fully 
qualify each of the NOR gates 130, 132 and 134, whose 
logical ONE outputs are complemented by NOR gates 
136, 138 and 140 to fully qualify NOR gate 142. its log 
ical ONE output is complemented to a logical ZERO by 
NOR gate 144 to enable NOR gate 146. However, 
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6 
NOR ‘gate 146, which voperates in conjunction with 
NOR gates 148, 150 and 154 as a variable‘ length, flu 
idic pulse generator‘l55. It will be understood that the 
provision of intermediate coincident NOR gates 130, 
132, 134 and 144 is necessitated solely by the fact that 
the particular fluidic NOR gates contemplated for use 
in the illustrated embodiment of the invention are lim 
ited to a maximum of four inputs. Thus, the number of 
gates required to perform the requisite logic function 
on the outputs of the twelve NOR gates 114 is deter 
mined by the input number capabilities of the particu 
lar ?uidic logic elements employed. It will also be ap 
preciated that the number of NOR gates 114 employed 
in each ?uidic logic circuit is a matter of choice, de 
pending upon the pulse length resolution or variability 
desired of the load signal pulses. That is, by employing 
twelve fluidic snesors in each of the sensor 51) and 72, 
to supply the fluidic inputs to each fluidic logic circuit, 
as illustrated herein, the load signal may be‘ varied over 
twelve different pulse lengths. 

It will further be assumed that disc ‘124 of mass air 
flow sensor 72 is angularly oriented in response to the 
mass flow of air into the intake manifold 78, as regu 
lated by the throttle 79, such that the discharge ori?ces 
of the ?rst ?ve fluidic sensors 122, Nos. 1b through 512, 
are blocked by the disc periphery, as illustrated in FIG. 
2. Thus the ?uidic output signals of these ?rst ?ve ?u 
idic sensors are logical ONES, effective to disable the 
?rst ?ve NOR gates, Nos. 1a through 5a of the NOR 
gate array 114. Since the discharge ori?ces of the re 
maining seven ?uidic sensors 122 are not blocked by 
the ‘periphery of disc 124, their ?uidic outputs signals 
are logical ZEROES to qualify NOR gates Nos. 6a 
through 12a of the NOR gate array 114. it is under 
stood that if the throttle 79 is open wider to increase 
the mass ?ow of air into the intake manifold 7%, disc 
124 is rotated in the clockwise direction to a new angu 
lar position, such that an additional number of the 
NOR gates 114 are disabled. Conversely, if the throttle 
79 is ‘closed, disc 124 is rotated in a counterclockwise 
direction to decrease the number‘of NOR gates 114 
which are disabled by the fluidic output signals devel 
oped by fluidic sensors 122. . . j i 

As the trailing edge of disc 106 in the engine speed 
sensor 50 passes ?uidic sensor No. 28, its ?uidic output 

6 signal goes from a logical ONE to a logical ZERO. The 
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since the output of NOR gate 148 normally sits at a log- ' 
ical ONE, the output of NOR gate 146, by virtue of the 
cross-coupling, is a logical ZERO to qualify the former 
for response to the output from multivibrator circuit 
111. ~ 

It is seen that the outputs of the twelve NOR gates 
114 are effectively all gated together in order to control 

output of NOR gate 1 10 thus goes from a logical ZERO 
to a logical ONE.‘ The output of NOR gate 148 then 
goes from a logical ONE to a logical ZERO and is com 
plemented to a logical ONE by NOR gate 154 to define 
the leading edge of the fluid load signal pulse, which is - 
ampli?ed in fluidic power ampli?er 156 to drive the 

.fuel injection valve 90 to its open position. The injec 
tion of fuel into the intake manifold 78 is thus initiated. 
With continued rotation of disc 106 in the engine speed 
sensor 50, its trailing edge passes in sequence the ?u- , 
‘idic sensors 104. The ?uidic output signals of these flu 
idic sensors successively go from a logical ONE to a 
logical ZERO to, in effect, sample or scan the NOR 
gate array 114 to determine the lowest numbered NOR 
gate quali?ed by the ?uidic output signals generated by 
the mass air flow sensor 72. While this sampling is 
being carried out at a rate synchronized to the engine 
RPM, the fluidic load signal pulse continues at a logical 
ONE to maintain the fuel injection valve open and thus 
sustain the injection of fuel into the intake manifold. 
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Shortly after NOR gate 110 was fully enabled by the 
transition of the fluidic output signal from fluidic sen 
sor No. 28 to a logical ZERO, the resulting logical ONE 
?uidic output from NOR gate 112, delayed by ?uidic 
delay element 113 for approximately 3 milliseconds, 
disables NOR gate 110. Thus the output of the mono 
stable multivibrator 111 returns to its normal or stable 
state with its logical ZERO output serving to qualify 
NOR gate 148. However, by virtue of the cross cou 
pling'between NOR gates 148 and 146, the initial tran 
sition of the output of the former from a logical ONE 
to a logical ZERO, thereby defining the leading edge of 
the load signal pulse,.was effective to fully enable NOR 
gate‘ 146 and its resulting logical ONE output maintains 
NOR gate 148 disabled to sustain the load signal pulse. 
When the trailing edge of disc 106 passes ?uidic sen 

sor No. 6 in the engine speed sensor 50, the transition 
of its output signal from a ‘logical ONE to a logical 
ZERO ?nds that NOR gate No. 6 in the NOR gate array 
114 is the lowest numbered gate which has been quali 
fied by the mass air flow sensor 72. Since the ?rst ?ve 
NOR gates were disqualified by the mass air ?ow sen 
sor, the preceding transitions of the ?uidic output sig 
nals from ?uidic sensors Nos. 1 through 5 from logical 
ONES to logical ZEROES had no effect on their ?uidic 
output signals. However, when NOR gate No. 6 is sam 
pled, both of its inputs are logical ZEROES and its out 
put goes to a logical ONE. NOR gate 132 is disabled, 
and its logical ZERO output, as complemented by NOR 
gate 138, is effective to disable NOR‘ gate 142. The out 
put of this gate goes to a logical ZERO and is comple 
mented to'a logical ONE by NOR gate 144 to disable 
NOR gate 146. The ?uidic output of NOR gate 146 re 
turns to its normal, logical ZERO level which is ‘effec 
tive to fully enable NOR gate 148. The output of this 
NOR gate goes from a logical ZERO to a logical ONE, 
thereby terminating the load signal pulse and effecting 
closure of fuel injection valve 90. 

If for some reason none of the NOR vgates 114 were 
enabled so as to terminate the ?uidic load signal pulse, 
it is automatically terminated after a predetermined 
length ofitime, for example, 20 milliseconds, by the 
output of NOR gate 150 supplied through fluidic delay 
linevelement 152 to the input of NOR gate 146. Speci? 
cally, on vthe leading edge of the ?uidic load signal 
pulse, the output of NOR gate 150 goes from a logical 
ZERO to a logical ONE. The application of this logical 
ONE ?uidic signal to NOR gate 146 is delayed for 20 
milliseconds by ?uidic delay line element 152. Thus, if 
the ?uidic load signal pulse is not terminated by a'logi 
cal ONE input from NOR gate 144, it is terminated 
after 20 milliseconds by the output from NOR gate 
150. Thus, the maximum pulse length of the load signal 
pulse is 20 milliseconds-in the illustrated embodiment 
of the invention. ' 

From the foregoing description, it is seen that for an 
engine speed of, for example 900 RPM, if the positions 
of consecutive ?uidic sensors 104 in the engine speed 
sensor 50 are 2.4 milliseconds apart and ?uidic sensor 
No. 6b of the mass air flow sensor 72 is the lowest num 

. bered fluidic' sensor providing an enabling, logical 
ZERO input to the NOR gate array 114, the pulse 
length of the load signal is 6 X 2.4 milliseconds or 14.4 
milliseconds. . 

' It is understood that when the trailing edge of disc 
106 in the engine speed sensor passes ?uidic sensor No. 
7, the transition of its ?uidic output signal from a logi 
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8 
cal ONE to a logical ZERO is used not only to sample 
NOR gate No. 7a in ?uidic logic circuitry 64 but also 
to trigger the multivibrator 111 in ?uidic logic circuitry 
66 to de?ne the leading edge of the load signal pulse 
derived to control the fuel injection valve associated 
with the cylinder or cylinders 90° out of phase with the 
cylinder or cylinders handled by ?uidic logic circuitry 
64. Similarly, fluidic sensor No. 14, 180° away from ?u 
idic sensor No. 28, delivers its logical ONE to logical 
ZERO ?uidic output signal transition to the NOR gate 
array 114 of ?uidic logic circuitry 66 and also triggers 
the multivibrator 111 in ?uidic logic 68 to de?ne the 
leading edge of the load signal pulse developed 
thereby. Also, the ?uidic output signal from ?uidic sen 
sor No. 21 is used to sample the NOR gate array 114 
in fluidic logic circuitry 68 and also to trigger the multi 
vibrator ll 1 in the ?uidic logic 70, thereby de?ning the 
leading edge of the load signal pulse developed 
thereby. Finally, the ?uidic output signal of ?uidic sen 
sor No. 28 is also used to sample the NOR gate array 
114 in fluidic logic circuitry 70, as well as to trigger 
multivibrator 111 in ?uidic logic 64. 

It will thus be seen that the objects set forth above, 
among those made apparent from the preceding de 
scription, are ef?ciently attained and, since certain 
changes may be made in the above construction with 
out departing from the scope of the invention, it is in 
tended that all matter contained in the above descrip 
tion or shown in the accompanying drawings shall be 
interpreted as illustrative and not in a limiting sense. 
Having described the invention, what is claimed as 

new and desired to be secured by Letters Patent is: 
1. Apparatus for controlling a fuel injection valve-in 

a fuel injection system-for an internal combustion en 
gine, said apparatus comprising, in combination: 

A. an engine speed sensor for deriving a ?rst ?uidic 
output indicative of engine speed; 

B. a mass air ?ow sensor for deriving a second ?uidic 
output indicative of the mass of air ?ow into the in 
take manifold of the engine, said second ?uidic 
output comprising a plurality of discrete digitized 
second ?uidic output signals, each of said digitized 
output signals corresponding to a different rate of . 
mass of air flow into the intake manifold of the en 
gine; and v ' 

C. ?uidic circuitry for processing said first and sec 
ond ?uidic outputs to derive a ?uidic load signal 
for controlling the injection valve to admit a deter 
mined amount of fuel for mixture with air and ulti 
mate combustion in a cylinder of the engine. 

2. The system de?ned in claim 1, wherein said engine 
speed sensor includes means for generating said ?rst 
fluidic output as a succession of first ?uidic output sig 
nals at rate proportional to engine speed. 

3. The apparatus de?ned in claim 1, wherein said 
load signal is in the form of a pulse to effect the opening 
of the injection valve to admit fuel for the duration of 
the pulse interval, said ?uidic circuitry including ?rst 
means for processing said ?rst ?uidic output to syn 
chronize the leading edge‘ of said load signal pulse to 
the operating cycle of the engine and second means for 
processing said ?rst ?uidic output in conjunction with 
said second ?uidic output to terminate said load signal 
pulse on the basis of the instantaneous engine load. 

4. The apparatus de?ned in claim 1, wherein said en 
gine speed sensor includes means for generating said 
first ?uidic output as a synchronizing output signal fol 
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lowed by a succession of first digitized’ output signals 
generated at a rate proportional to engine speed, and 
said fluidic circuitry includes first logic means respon~ 
sive to said synchronizing output signal for synchroniz_ 
ing the leading edge of said load signal to the engine op 
erating cycle and second logic. means responsive to said 
first‘ digitized output signals and said second digitized 
output signals to terminate said load signal,‘ whereby 
said load signal is in the form of a pulse of a pulse 
length proportional to engine load for effecting the 
opening of the injection valve to admit fuel for the du 
ration of said pulse. 

5; The apparatus de?ned in claim 4, wherein said first 
logic means includes a fluidic pulse generator for gen 
erating said load signal pulse, said pulse generator 
being triggered on in response to said synchronizing 
output signal, and said second logic means includes an 
array of fluidic coincident gating elements, each con 
nected to receive a different one of said second digi 
tized output signals and connected to be sampled in 
predetermined sequence by said succession of said first 
digitized output signals, the first of said elements sam 
pled in sequence by said ?rst digitized output signals 
found to be quali?ed by one of said second digitized 
output signals deriving a fluidic output signal for trig~ 
gering said pulse generator off, thereby to define said 
?uidic load signal pulse interval. ‘ 

6. The apparatus de?ned in claim 5, wherein said 
pulse ‘generator includes means for automatically trig 
gering itself off after‘ a predetermined time interval in 
‘the event it is not triggered off by said fluidic output de 
rived from one of said gating elements. 

7. The apparatus de?ned in claim‘5, wherein said 
pulse generator includes a ?rst ?uidic gating element 
having a ?rst input connected to respond to said syn 
chronizing output signal, a second input and an output 
on which said load signal pulse appears; a second flu? 
idic gating element having a ?rst input connected to the 
output of said ?rst gating element, a second input con 
nected to receive said output signal derived by said co 
incident gating element array, a third input, and an out 
put connected to said second input of said ?rst gating 
element; a third ?uidic gating element for complement 
ing the output‘ of said ?rstgating element‘; and a fluidic 
delay lineelement connecting said ‘third gatingelement 
to said third input of said second gating element. 

8. The apparatus de?ned in claim 7, wherein said ?u 
idic circuitry further includes a fluidic monostable mul~ 
tivibrator circuit connected to be triggered to generate 
a fluidic pulse of ?xed length by said synchronizing out 
put signal, said fluidic pulse being coupled to said ?rst 
input of said ?rst gating element. 

9. The apparatus de?ned in claim 5, wherein said en 
' gine speed sensor comprises an array of first fluidic sen 

I sors and means operating in synchronism with the en 
gine to actuate said ?rst fluidic sensors in sequence to 
generate said synchronizing output signal and said suc 
cession of ?rst digitized output signals. ‘ 

10. The apparatus definedin claim 9, wherein said 
mass air flow sensor comprises an array of second ?u 
idic sensors and means positionable in accordance with 
the mass of air flow into the intake manifold to actuate 
a selected number of said‘ second. fluidic sensors, 
whereby to generate said second digitized output sig 
nals. 

llll. Apparatus for contolling the various fuel injec 
tion valves in a fuel injection system fora multicylinder 
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internal combustion engine, said apparatus comprising, 
in combination: 
A. an engine speed sensor for deriving a plurality of 
phased ?rst fluidic outputs, each indicative of en 
gine speed; 

B. a mass air flow sensor for deriving a second fluidic 
output indicative of the mass of air flow into the in 
take manifold of the engine, said second ?uidic 
output comprising a plurality of discrete digitized 
second fluidic output signals, each of said digitized 
output signals corresponding to a differentrate of 
mass of air flow into the intake manifold of the en 
gine; and 

C. plural ?uidic circuits for processing different ones 
of said first ?uidic outputs in conjunction with said 
second ?uidic output to derive phased fluidic load 
signals for separately controlling the various fuel 
injection valves. 

12. The apparatus defined in claim ll, wherein said 
load signals are each in the form of a pulse to effect the 
opening of different ones of the injection valves to 
admit fuel for the durations of the various load signal 
pulse intervals, said ?uidic circuits each including first 
means for processing a different one of said ?rst fluidic 
outputs to synchronize the leading edge. of a different 
one of said load signal pulses to the operating cycle of 
the engine and second means for processing said one 
first fluidic output in conjunction with said second flu 
idic output to terminate said one load signal pulse on 
the basis of the instantaneous engine load. 

I 13. The apparatus de?ned in claim 11, wherein said 
engine speed sensor includes means for generating 
each of said ?rst ?uidic outputs as a synchronizing out 
put signal followed by a succession of ?rst digitized out~ 
put signals generated at a rate proportional to engine 
speed, said synchronizing output signals being phased 
relative to each other, and each said ?uidic circuit in 
cludes ?rst logic means responsive to a different one of 
said synchronizing output signals for synchronizing the 
leading edge of a different one of said load signals to 
the engine operating cycle and second logic means re 
sponsive to the succession of ?rst digitized output sig 
nals succeeding said one synchronizing output. signal 
and said second digitized output. signals ‘to terminate 
said one load signal, whereby each of said load signals 

‘ is in the form of a pulse of apulse length proportional 
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to engine load for effecting the opening of the various 
_ injection valves to admit fuel for the durations of said 
load signal pulses. 

14. The apparatus de?ned in claim 13, wherein said 
?rst logic means of each said ?uidic circuit includes a 
?uidic pulse generator for generating one of said load 
signals, said pulse generator of each said fluidic circuit 
being triggered on in response to a different one of said 
synchronizing output signals to de?ne the leading edge 
of a different one of said load signal pulses, and said 
second logic means of each said fluidic circuit includes 
an array of fluidic coincident'gating elements, each 
connected to ‘receive a different one of said second dig 
itized output signals and connected to be sampled in 
predetermined sequence by the succession of said ?rst 
digitized output signals immediately succeeding said 
one synchronizing output signal, the ?rst of said ele 
ments sampled in sequence by said ?rst digitized output 
signals found to be quali?ed by one of said second digi 
tized output signals deriving a ?uidic output signal for 
triggering said pulse generator off, thereby to de?ne 
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the pulse interval of said one fluidic load signal pulse. 
15. The apparatus de?ned in claim 14, wherein each 

said pulse generator includes means for automatically 
triggering itself off to terminate said one load signal 
pulse in the event it is not triggered off by said ?uidic 
output derived from one of said gating elements. 

16. The apparatus de?ned in claim 14, wherein said 
engine speed sensor comprises an array of first fluidic 
sensors and means operating in synchronism with the 
engine speed to actuate said ?rst fluidic sensors in se 
quence to generate said relative phased synchronizing 
output signals and said successions of ?rst digitized out 
put signals. . ‘ 

17. The apparatus de?ned in claim 16, wherein cer 
tain ones of said ?rst fluidic sensors are connected to 15 
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12 
supply said synchronizing output signal to one of said 
‘?uidic circuits and a ?rst digitized voutput signal to a 
different ‘one of said ?uidic circuits. 

18. The apparatus de?ned in claim 17, wherein oth~ 
ers of said ?rst fluidic sensors are connected to supply 
first digitized output signals to two different ?uidic cir 
cuits. 

19. The apparatus de?ned in claim 16, wherein said 
mass air ?ow sensor comprises an array of second flu 
idic sensors and means positionable in accordance with 
the mass of air flow into the intake manifold to actuate 
a selected number of said second fluidic sensors, 
whereby to generate said second digitized output sig 
nals. 

* * * * 1k 


