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1
ENGINE CONTROL

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

This invention relates to engine controls and more
particularly to sensor apparatus for sensing the speed
and direction of engine rotation and to control circuits
associated with the sensor apparatus for controlling the
operation of the engine in the event of reverse rotation
of the engine or when preselected engine speeds are
attained.

It 1s desirable to provide automatic controls for en-
gines which operate when a particular engine speed has
been reached. For example, governors are widely used
to limit the maximum speed of an engine or to shut
down the engine in case the maximum speed is ex-
ceeded. Another example involves the starting motor
which cranks the engine at low speed on startup. When
the engine catches and picks up speed the starting motor
should be disengaged or deactivated to prevent damage
thereto. Oftentimes it 1s desirable to provide warning
devices which signal an engine malfunction, such as low
oil pressure, which malfunction may be different in
magnitude depending on whether the engine is operat-
ing above or below a selected speed.

At times, a slight rocking of the engine shaft can
occur with normal stops and starts, so that the engine
rotates in a reverse direction. It is highly desirable that
reverse rotation be detected and that the engine be shut
down 1n the event of such rotation for otherwise severe
damage to the engine could result if ignition occurred
with the engine turning in the reverse direction.

Various mechanical devices have been provided in
the past which are directly connected to a rotating
portion of the engine for movement thereby, these de-
vices providing a means whereby the engine speed and
direction of rotation may be monitored. Such devices,
however, are subject to wear and fouling by dirt and
grime. In addition, complicated linkages are necessary
to provide for adjustments in the event that the critical
speed at which a control function is to occur is changed.

SUMMARY OF THE INVENTION

The present inventicn is directed to overcoming one
or more of the problems set forth above.

According to the present invention, a magnet is
mounted on an engine shaft and offset from the axis
thereof so that the magnet orbits around the shaft at a
speed proportional to the speed of the engine. At least
one electronic switch is provided, the switch being
fixed relative to the shaft and disposed adjacent the
orbital path of the magnet and being actuable by the
magnet when the magnet is proximate thereto.

Also according to the invention, a control circuit is
provided which starts an electronic timer in response to
a first signal from the actuation of the switch by passage
of the magnet thereby, the timer having an output pulse
of a preselected length. A second signal is generated
when the magnet has been moved by the engine shaft
through a fixed distance. If the engine speed is below
the critical speed, the time required for the magnet to be
moved through the fixed distance will be greater than
the length of the timer pulse and the second signal will
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not be generated until after the timer pulse has ended.
Conversely, if the engine speed is above the critical
speed, the magnet will be moved more rapidly so that
the second signal i1s generated before the timer pulse
ends. A control signal 1s developed depending upon
whether the second signal is generated before or after
the end of the timer pulse, the control signal being then
used to effect a desired control of an engine function.

Further according to the invention, the pulse length
of the timer ts easily adjustable so that the critical speed
can be readily set to a desired value.

Also according to the invention, the control circuit
may be used to shut down the engine in the event an
overspeed situation occurs, and the operation of the
circuit may be tested so that an overspeed situation is
simulated when the engine reaches a predetermined
proportion of the actual overspeed limit, the predeter-
mined proportion being the same regardless of the par-
ticular overspeed limit selected for operation.

Still further according to the invention the direction
of engine rotation is detected by use of a second mag-
netically actuated switch fixed adjacent the first switch,
a logic circuit being provided to produce a control
signal if the magnet passes by the two switches in one
direction but not in the opposite direction.

Also according to the invention, an automatic imped-
ance-changing ctrcuit is provided to limit the input
voltage to the control circuit to a safe value so that the
control circuit may be used with any battery having an
output voltage within a wide voltage range.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, forming a part of the application and
in which like parts are designated by like reference
numerals throughout the same,

FIG. 1 1s a combined block schematic diagram of an
engine system utilizing the speed sensor and control unit
of the present invention;

FI1G. 2 1s a sectional view of the tachometer drive and
sensor assembly of FIG. 1;

FIG. 3 is a sectional view of the tachometer drive and
sensor assembly, taken on line 3-—3 of FIG. 2;

FIGS. 4A and 4B are circuit diagrams of the control
unit of FIG. 1.

DESCRIPTION OF A PREFERRED
EMBODIMENT

Referring now to the drawings, FIG. 1 illustrates a
simplified but functional engine control system for en-
gine 10 having a throttle lever 11 which reciprocates
the fuel rack linkage 12 to control the amount of fuel
flowing from fuel tank 13 through governor 14 to en-
gine 10. The engine is provided with a conventional
start motor 16 geared thereto. In starting, main switch
17 15 closed to connect battery 18 to the operating cir-
cuits for the engine. Start switch 19 is closed to energize
start solenoid 21 through the normally closed contact
22 and switch blade 23 of the crank termination switch
24. Energization of start solenoid 21 will cause its
contacts 26 to close, supplying power from the battery
to start motor 16 so that the engine 1s cranked. Shaft 27,
directly driven by the engine, is coupled to the tachom-
eter drive and sensor assembly 28 to drive the sensors
therein at a speed proportional to the speed of the en-
gine. Engine speed 1s displayed by a conventional ta-
chometer 29. In addition, sensor information is transmit-
ted by lines 31 and 32 to the control unit 33 to be used
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therein to determine the speed and direction of rotation
of the engine. If the engine does start into operation on
cranking thercof, control unit 33 causes the swiich
blade 23 of the crank termination switch 24 to move
from the normally closed contact 22 to the normally
open contact 34, to de-energize the start solenoid 21 and
turn on the “RUN"" light 39.

The control unit 33 is also used to provide a low-o1l-
pressure warning by the actuation of the oil step switch
41. At engine speeds below low idle, switch blade 42
will be closed against normally closed contact 43. If the
oil pressure 1s below the normal level for operation at
such speeds, e.g., 20 psi, switch 44 will be closed so that
the pre-trip oil pressure warning light 46 will be ener-
gized from the battery 18. If the engine speed 1s above
low 1dle, control unit 33 causes switch blade 42 to close
against normally open contact 47. The existence of
normal oil pressure will maintain oil-pressure switch 48
open. If the oil pressure drops below normal, e.g. below
40 psi1, switch 48 closes and turns on the trip/run oil-
pressure warning light 49.

The engine 10 may be shut down in any conventional
manner. For example, closing the manually operable
normal-shutdown switch 31 will complete an energiz-
ing circuit from the battery 18 to the shutdown solenoid
52 and cause the fuel-rack linkage 12 to move to a fuel-
off position. In addition, control unit 33 provides for
automatic shutdown in the event that the engine is ro-
tating in the reverse direction or 1if the engine speed
exceeds a predetermined maximum speed. If the engine
1s rotating in the wrong direction, switch blade 33 will
be closed against normally open contact 54 of the re-
verse rotation switch 56 to ground and energize the
shutdown solenoid. Similarly, the shutdown solenoid
will be energized through normally open contact 57 and
switch blade 58 of overspeed switch §9 if the engine
speed 1S excessive.

The tachometer drive and sensor assembly 28 1s illus-
trated in FIGS. 2 and 3, and comprises a housing 61
secured to frame 62 of engine 10 by collar 63. Shaft 64
is Jjournaled in housing 61 and is coupled to shaft 27 of
the engine for unitary rotation therewith. Shaft 27 is
preferably the drive shaft of the fuel pump for the en-
gine which rotates at one-half engine speed. However,
shaft 27 may be any operating member of the engine, 1t
being tmportant only that shaft 64 by driven by the
engine at a speed proportional to the speed of the en-
gine. Housing 61 1s provided with external threads 66
and the end of shaft 64 1s slotted at 67 for the usual
connection of a drive cable for the engine tachometer
29.

A radially extending disc 68 is fixed to shaft 64 for
rotation therewith and has three bar magnets 70, 71 and
72 potted or pressed within bores in the disc, the mag-
nets being the same distance outwardly from the axis of
shaft 64. Two closely spaced Hall effect switches 73 and
74 are fixed 10 housing 61, with their sensors 76 posi-
tioned closely to disc 68 to be attected by the magnets as
they are rotated therepast. A counterweight 77 1s
mounted in disc 68 opposite the magnets for balancing
pUrposes.

Hall effect switches 73 and 74 are schematically iilus-
trated in FIG. 4A. When not actuated, the output termai-
nals 78 of the switches are at a high voltage level,
namely that of the power supplied to the switch. When
the sensor 76 of a switch i1s mmfluenced by a magnetic
south pole, the sensor output 1s amplified by amplitier
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79 and turns on transistor 81 to *“‘close™ the switch and
ground the output terminal 78.

Returning to FIG. 3, three bar magnets 70, 71 and 72
are used, to sharply define the magnetic field and en-
hance reliability of the switch points of the Hall
switches by causing the Hall sensors to be influenced by
a north pole preceding and following a south pole.
When disc 68 1s driven in the direction of the arrow by
forward rotation of the engine, the north pole of magnet
70 will move past the Hall sensors and the south pole of
magnet 71 will then move past the sensors to cause their
outputs to go low during the passage of magnet 71
therepast.

The sensors of the Hall switches 73 and 74 are spaced
closely together and the magnet 71 ts dimensioned rela-
tive thereto to provide a make-before-break operation.

" L.e., as magnet 71 1s moved by the sensors in the direc-
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tion as shown, Hall switch 73 will first close. Hall
switch 74 will then close, followed by an opening of
Hall switch 73 as 1t is influenced by the north pole of
magnet 72. Hall switch 74 will thereafter open in similar
fashion. Both switches will remain open, with a high
output, unti]l the next time that magnet 71 moves there-
past. The Hall switches will be similarly operated in a
make-before-break manner if the magnet 71 s moved
therepast in the opposite direction, with Hall switch 74
being closed before Hall switch 73.

The operating circuits of control unit 33 are shown in
detail in FIGS. 4A and 4B.

The power mput tfrom battery 18 1s applied through
diode 86 to an automatic impedance-changing arrange-
ment which limits the input voltage to the voltage regu-
lator 87 to a safe value so that the control unit may be
used with a wide range of batteries.

For example, in the particular embodiment disclosed,
a O-volt voltage regulator 1s used, the control circuits
draw a maximum of 130 milliamps, it ts desired to Iimit
power dissipation by the regulator to approximately 2
watts, and 1t 15 desired to provide for operation with a
battery having an output anywhere 1n the range of from
3 10 40 volts.

Zener diodes 88 and 89 are provided, these diodes
having breakdown potentials of 20 and 30 volts respec-
tively. If the battery voltage 1s below 20 volts, diode 88
will not conduct and transistor 91 wiil be oft, allowing
transistor 92 to turn on and provide a direct path for
current flow from the battery to voltage regulator 87.
In such case, the maximum voliage across regulator 87
will be the difference between its maximum 20-volt
input and its 6-volt regulated output voltage, or 14
volts. With maximum current of 130 milhamps. the
maximum power dissipation in the regulator will be 2.1
waltts.

If the battery voltage 1s above 20 volts, zener diode 88
will conduct through resistors 93 and 94, and the drop
across resistor 92 will turn transistor 91 on, thereby
reverse biasing diode 93 in the base circuit of transistor
92 and turning the latter off. If the battery potential 1s
less than 30 volts, zener diode 89 will not conduct, and
transistor 96 will be off, allowing transistor 97 to con-
duct. Such conduction will place resistors 98 and 99 in
parallel between the batiery and voltage regulator 87. If
resistors 98 and 99 have values of 180 and 150 ohms,
respectively, the parallel value of these resistors wili be
approximately 82 ohms. At maximum current, the maxi-
mum voltage across the voltage regulator would be
[30 — (82X 0.150)~ 6], or 11.7 volts, and the maximum
power dissipation in the regulator would be 1.735 watts.
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(At operation below 20 volts, transistor 97 will be
conductive, but no appreciable current wili flow

through resistors 98 or 99 since they are shunted by

transistor 92.)

With a supply voltage greater than 30 volts, zener
diode 89 will conduct through resistors 101 and 102,
causing transistor 96 to conduct, reverse biasing diode
100 which turns off transistor 97, leaving only resistor
99 in the circuit for full current flow therethrough to
the voltage regulator. Maximum power dissipation in
the voltage regulator 87, at a 40-volt supply and a 150-
milliamp maximum current would be 1.725 watts.

The 6-volt regulated output from voltage regulator
87 is applied to the positive bus 103, and 1s also used, by
line 104, to power the Hall switches.

The reverse rotation circuit will now be described. A
flip-flop 106 is provided, comprising NAND gates 107
and 108 interconnected as shown. With this arrange-
ment a low reset signal to the R input of gate 108 of the
flip-flop will cause the Q and Q outputs to go low and
high, respectively. If a low set signal is then applied to
the S input of gate 107 when the R mput is high, the Q
and Q outputs will go high and low respectively and
will stay that way, even though the set signal then goes
high, until a low reset signal is subsequently applied to
the R input.

The S input of flip-flop 106 is connected through
resistor 109 to the positive bus 103 and is also connected
to the output terminal 78 of Hall switch 73 by line 31.
Thus, the S input will be maintained high except when
a low set signal is applied thereto when Hall switch 73
15 closed.

The reset input R of flip-flop 106 1s similarly con-
nected through resistor 111 to the positive bus 103 and
to the output terminal 78 of Hall switch 74. The reset
input will thus be held high except when Hall switch 74
closes to ground the reset input. Capacitors 112a and
112b connect the inputs of flip-flop 106 to ground so
that transients will not cause false triggering of the
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is reset by a high signal to R and triggered by a low
signal to T. The second output 2 of counter 118 is nor-
mally low but will go high when the counter has been
twice triggered. This output, inverted by inverter 120 s
applied to the set input S of flip-flop 121. The reset input
R of flip-flop 121 is connected by resistor 122 to the
output of gate 117 and is connected to ground by capac-
itor 123.

If the Q output of flip-flop 121 is low, transistor 124 is
turned off. With a high Q output, current flow through
resistors 126 and 127 will turn transistor 124 on and
energize relay coil 128 therethrough and cause the re-
verse rotation switch 36 to be actuated.

In flip-flop configurations employing NAND circutts
as is the case for flip-flop 106, the reset function has
priority. Therefore when power is initially applied,
capacitor 112b will cause flip-flop 106 to reset with a
low QQ output and a high Q output. When capacitor 112b
charges, it will hold the R input of flip-tlop 106 high
unti] such time as Hall switch 74 closes. The high Q
output and high output from inverter 114 causes gate
117 to output a low to reset counter 118. During initial
power, capacitor 123 appliee a low reset signal to thp-
flop 121, and the low from gate 117 holds the low reset
to flip-flop 121 to maintain a low Q output from thip-flop
121 and a turn-off signal to transistor 124.

The state of the various components of the reverse-
rotation circuit during normal forward rotation 1s set
forth in the following table wherein high and low voit-
age levels are indicated by 1’s and O’s, respectively. Step
1 sets forth the condition during the time before magnet
71 comes to the Hall sensors. Steps 2-4 set forth what
happens as the Hall sensors are influenced by magnet 71
and Hall switches 73 and 74 are operated in that order
and in a make-before-break manner. Step 5 represents
the time period after the magnet leaves the Hall sensors
and before it comes to them again. Steps 6-8 are for the
next pass-by of the sensors by the magnet, and step 9 1s
again when the magnet has left the sensors and they

flip-tlop when the power is first turned on. 40 restore to normal. Each succeeding fuil revolution of
The two inputs of NAND gate 113 are connected to disc 68 will repeat steps 6-9.
FORWARD ROTATION
F/F 106 Counter 118 F/FF 121
S R R T
(Hall (Hall 3 114 117 (119 (il6
Step 73} 74 Q Q out out out out) out) 2 S R Q 124
i | i 0 1D 1 0 1 I 0 1 0 0  off
2 0 i1 0 | 0 | 0 1 0 1 1t 0 off
3 0 c 1 0 0 1 0 I 0 1 1 0  off
4 1 c 0 1 1 0 1 0 !0 1 1 0 off
5 l 1 0 1 0 1 0 1 t 0 1 0 0 off
6 0 1 1 0 1 0 1 0 t 0 1t 1 0 off
7 0 c 1 0 1 0 ! 0 t0 0 off
& ! o 0 1 1 0 1 0 D 0 off
9 1 1 o0 1 D 1 0 1 D1 0 0  off

the two Hall switch outputs. If both Hall switches are
open, both mputs are high and gate 113 will output a
low, which is inverted to a high by inverter 114 and

As will be seen, each time that Hall switch 73 closes
(step 2), flip-flop 106 will be set so that its Q output goes

applied to NAND gates 116 and 117. If either, or both, 60 high. Hall switch 74 closes shortly thereafter (step 3)

Hall switches are closed, NAND gate 113 will output a
high so that inverter 114 will apply a low, inhibiting
voitage to gates 116 and 117.

The Q output of flip-flop 106 15 also applied to gate

116, whose output is applied to the trigger input T of 65

counter 118. The Q output of thp-flop 106 1s applied to
gate 117 whose output is inverted by inverter 119 and
applied to the reset input R of counter 118. Counter 118

and as soon as Hall switch 73 opens, flip-flop 106 will
reset. The high Q output from the setting of flip-flop 106
cannot trigger counter 118 since it occurs only during
the time period when the magnet is passing the Hall
sensors, and gate 116 i1s inhibited by gate 113 during
such period. As a consequence, counter 118 s never
triggered during forward rotation and flip-flop 121 wiil
maintain transistor 124 off.
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The sequence of operations in the event of a reverse
rotation of the engine 1s set forth in the next table. Step
1 1s the situation before magnet 71 comes to the Hall
sensors. Steps 2-4 represent the conditions as the mag-
net passes by the sensors, with Hall switch 74 now being
closed before Hall switch 73. Step 5 1s the next period as
the magnet travels with disc 68 around to the sensors
again. Steps 6-8 are the next actuation of the Hall
switch, and step 9 is when the Hall sensors are passed.
Steps 10-13 represent another full revolution of disc 68.
Steps 14-16 1llustrate the resetting which occurs as the
engine 1s cranked forwardly in a re-start operation.

REVERSE ROTATION AND RIESET

10

8

counter 118 and through resistor 122 to flip-flop 121.
With the latter reset, transistor 124 is turned off so that
the reverse-rotation switch 56 restores to its normal
illustrated position. Fuel can now flow to the engine
and the engine will start on further cranking.

The above circuit, by use of counter 118, allows a
single reverse pass of the Hall sensors by magnet 71 to
occur, as can happen through slight rocking of the
engme shaft on normal stops and starts, without shut-
down, while ensuring shutdown if two consecutive
reverse passes of the sensors occur.

The output of gate 117 is sent by lead 131 to the

F/F 106  Counter 118 FAE 121
S R K T
Hall Hall I 114 117 119 116
Step 13 4 QG out owt put oot oput )OS R OQ 124
! 1 E ] E [ i U ! I 1 0 b ot
2 ] {] o] ] (} ! Y ! ] | [} ol
3 ) () & 1 } {} ] (] 1 N : g, off
3 (! [ ‘. 3 } (1 i { 1 () ﬁ ) oft
N : I b (! E ] ) ) O] IS off
b ! & SR 1 ) ] {! | 0] 0 off
7 3 ') AN ! () ! () i o1 10 off
X ] I ] [} ] (] ] {] i (] 1 ) () off
g E i I D ; I ] {] () S A on
1 (] | b TR } $ ] ) ! I () ) on
[ 1 1 ih ) ) i i i U 1 E U ] o
12 { | AV g a £ ! UL o
I | ﬂ (] a E [ (] ! {! | : O
|4 % Z I (] | () 1. 5 { I ﬂ ! O
15 ) y | {J [ {h () | ;] E | i O
16 | 1) () I [ L} | N I (] E E | $ 111
I 1 ] () E () 1 (i l | {] t0 oft
In the first pass-by of the Hall sensors by magnet 71
(steps 2-4) Hall switch 74 closes before Hall switch 73, 35

As a result of this, tlip-flop 106 will now be set in step 4,
and 1ts Q output will remain high during the time that
magnet 71 s carried around and back to switch 74 (step
3). During step 5, the high outputs of both Hall switches
cause gate 113 to output a low which 1§ inverted and
applied to gate 116, so that with a high Q output, gate
116 can deliver a low trigger to counter 118. When the
magnet again comes to the Hall sensors (steps 6-%)
thp-tlop 106 i1s reset (step 6) and then set again (step ¥)
sO that in step 9 another low trigger pulse is applied to
counter 118. With two counts therein, counter output 2
goes high so that inverter 120 applies a low set signal to
the S input of thp-flop 121. The Q output goes high to
turn on transistor 124 so that relay 128 actuates the
reverse rotation switch 56 to ground the shutdown
solenold (F1G. 1) and shut off fuel to the engine,

since the Q output of flip-flop 106 is low in reverse
rotation during the period between actuation of the
switches, gate 117 will cutput a high at all times, and
flip-tlop 121 will not be reset. Thus, once flip-flop 121 1s
set, iransistor 124 will remain on even though the set
signal from counter 118 may disappear.

With the fuel cut-off 1n response to actuation of
switch 56, the engine will stop, and the state of the
components will be as shown in step 13.

The start motor may now be energized to crank the
engine forwardly as (n a normal start operation. As disc
68 moves the magnet 71 past the Hall sensors (steps
14-16), flip-flop 106 will be reset in step 16 so that its Q
output will go high. As soon as the magnet leaves the
sensors (step 17) gate 113 will cutput a low to remove
the tnhibit voltage from gate 117. Its output will go low
so that a reset signal 1s delivered through inverter 119 to
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overspeed, crank termination and oil step circuits of
FIG. 4B. As brought out ubove, the output of gate 117
wiil go low only during forward rotation of the engine,
each time that magnet 71 leaves the second Hall switch
74, and will remain low until the magnet is carried back
to the first Hall switch 73

In FIG. 4B, the output of gate 117 on lead 131 is
applied through capacitor 132 to terminal 2 of timer
133, this terminal also being connected, by resistor 134,
to the posttive bus 104, Timer 133 has a normally low
output at its terminai 3 and operates such that when the
voltage at terminal 2 falls below one-third of the voltage
on bus 104 the timer 1s triggered and produces a single
pulse (terminal 3 goes high) whose duration is deter-
mined by the values of resistors 136 and 137 and capaci-
tor 138. Resistor 136 s adjustable so that the length of
the pulse may be set as desired. If desired, a commer-
cially available Signetics SE 555 CV Monolithic linear
integrated timer circuit may be used, such timer having
terminals as shown in FIG. 4B.

When the engine rotates in the forward direction,
timer 133 will be triggered each time magnet 71 leaves
the second Hall switch 74 to produce a single pulse
which 1s applied to one of the inputs of NAND gate
139. The output of the first Hall switch 73 is inverted by
inverter 141, so that whenever Hall switch 73 is actu-
ated by magnet 71, a high will be applied to gate 139.

During engine operation at any forward speed below
the predetermined overspeed limit, timer 133 will gen-
erate a high pulse at its output pin 3 as soon as magnet
71 leaves Hall switch 74. This pulse will time out during
the time that the rotation of shaft 64 is carrying the
magnet back to Hall switch 73, so that the timer output
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will go low again before magnet 71 reaches Hall switch
73. During this pulse pertod, Hall switch 73 1s output-
ting a high so that inverter 141 applies a low to gate 139,

When the magnet again reaches Hall switch 73, it will

output a low and inverter 141 will output a high to gate
139, but timer 133 will be outputting a low to gate 139
at such time. As a consequence, gate 139 will have at
least one low input at all times so that its output 18 con-
tinuously high and flip-flop 142 is never set.

As the engine speed increases, the time required for
shaft 64 to rotate magnet 71 from Hall switch 74 back to
Hall switch 73 will decrease. If the engine speed 1n-
creases to above the overspeed limit, the speed of shait
64 will increase to such an extent that the timer for the
magnet to travel from Hall switch 74 to Hall switch 73
is less than the fixed length pulse time of timer 133. As
a consequence, inverier 141 will output a high to gate
139 while timer 133 is still outputting a high thereto.
This time coincidence of high inputs to gate 139 causes
its output to go low and set flip-flop 142. Its Q output
goes high and the voltage divider, made up of resistors
143 and 144, will turn transistor 146 on to ground relay
coil 147 so that the energization thereof from positive
bus 104 will cause the switch blade 38 of the overspeed
switch 59 to close against the normally open contact 57
to ground the shutdown solenoid 32 and shut off fuel to
the engine. With transistor 146 on, light-emitting diode
148 will be energized through resistor 149 and transistor
146 to provide a visual signal of the overspeed cond:-
tion.

Once set, flip-flop 142 will continue to have a high Q
output until such time as a low reset signal 1s applied. In
the present embodiment, flip-flop 142 1s reset by a clo-
sure of manually operable switch 152 which grounds
the reset input R of flip-flop 142 and resets the flip-flop
so that its Q output goes low and turns transistor 146
ottf. Opening of reset switch 152 allows capacitor 153 to
charge through resistor 154 and thereafter maintain a
high on the reset input.

Preferably resistor 136 1s adjusted so that the over-
speed trip point Is somewhat above the nominal maxi-
mum speed of the engine to allow for normal, short-
term increases in engine speed without causing un-
wanted shutdowns.

It 1s desirable that the operator be able to test the
functioning of the overspeed circuit to see if all is in
order while the engine s operating at a normal speed,
i.e., near rated speed but below the overspeed limit set
by the adjustment of resistor 136. Testing is accom-
plished by means of the manually operable test switch
156 which, when closed, will connect capacitor 157 in
parallel with capacitor 138. This will increase the
amount of capacitance in series with resistors 136 and
137 and will lengthen the time required for the voltage
at pins 6 and 7 of timer 133 to rise to a level which wiil
cause the timer pulse to terminate. The longer timer
pulse thus establishes a lower test speed limit. Thus, if
the engine is rotating at a normal speed, and such speed
is above the test speed, the overspeed circuit will func-
tion to cause the overspeed relay 59 to operate.

The length of the timer pulse 1s a direct function of
the RC values of resistors 136 and 137 and capacitors
138 and 157. The overspeed limit varies inversely with
these values. Thus, the normal overspeed limit will be a
function of 1/(resistor 136-resistor 137){capacitor
138), and the test speed limit will be a function of 1/(re-
sistor 1364 resistor 137)(capacitor 138 + capacitor 157).
If 1t 15 desired to have the test speed be 75% of the

10

15

2{}

23

3

35

45

50

53

60

65

10

normal overspeed l1mut, then
1/(R136 + R13IN(C138 + C157)=(0.75/R136 + R137)-
C138). From this, it will be found that capacitor 157
should be equal to one-third the value of capacitor 138
in order to have the test speed limit be 75% of the nor-
mal overspeed limit. Moreover, it will be found from
this equation that if the resistance 1s maintained the same
for both the normal overspeed limit and during testing,
and if capacitors 138 and 157 have fixed values, the ratio
of test speed to overspeed will be the same regardless of
the value to which resistor 136 has been adjusted.

Thus, by means of the present test circuit, wherein
fixed capacitor 157 may be placed in parallel with fixed
capacitor 138, the normal overspeed limit can be ad-

justed to any speed permitted by the range of adjust-

ment of resistor 136, and the test speed linut will be a
constant percentage of whatever the selected overspeed
limit may be, e.g., 75% of the overspeed limit in the
above example.

The Crank Termination circuit operates very much
in the same way as the overspeed circuit. The same
signal that causes the overspeed timer 133 to pulse s
also applied to pin 2 to the crank termination timer 161,
and the output pulse therefrom is applied to NAND
gate 162. Similarly, the output from inverter 141 1s
applied to gate 162. Thus, if Hall switch 73 1s actuated
before the end of the pulse from timer 161, the output of
gate 162 will go low to set flip-flop 163 and turn on
transistor 164 so that relay coil 166 1s energized, thereby
causing the crank termination switch 24 to operate.

The length of the pulse from timer 161 is set, by ad-

justing resistor 167, somewhat above normal crank

speed and below low idle speed of the engine, so that
when the engine catches it will actuate the crank termi-
nation circuit.

During cranking, each time the output of timer 161
goes high, the timer pulse is transmitted through diode
168 and resistor 169 to the reset input of flip-tflop 163
and to the resistor 171 and capacitor 172 network.
These pulses serve to establish a charge on capacitor
172 and thus prevent resetting of the flip-flop.

Once set, fip-flop 163 will remain latched by the
charge on capacitor 172 until engine rotation is stopped,
either by normal shutdown or by coasting down from
the crank termmation speed if the engine does not start.
When the output pulses from timer 161 stop, capacitor
172 can discharge through resistor 171 and a low signal
will then be applied to the reset input R of flip-flop 163
to provide an automatic reset. The output of the flip-
flop goes low to turn off transistor 164 and de-energize
the crank termination relay coil 166.

Preferably, the time delay for resetting, established
by the RC network of resistor 171 and capacitor 172, 1s
greater then the time required for the engine to deceler-
ate to a stop.

The Oil Step circuit is designed to provide two differ-
ent warnings to the engine operator. A first warning 1s
given when the engine speed 1s below a selected speed
that 1s less than normal operating speed and the oil
pressure 1s below a relatively low predetermined value.
Preferably the selected speed approximates the low idle
speed for the engine just after it starts. For example,
such speed may be 1200 rpm and 1t may be desired to
give a warning If the oil pressure is less than 20 ps1 when
the engine speed is below 1200 rpm. A second warning
1s given if the engine speed 15 above the selected speed
and the oil pressure is less than normal, e.g., if the en-
gine speed 1s above 1200 rpm and the o1l pressure s less
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than 40 psi. To prevent a false signal, a time delay 1s
incorporated so that when the engine initially starts up
and increases in speed above the 1200 rpm point sufti-
cient time 1s given so that the o1l pressure can butld up
to the normal value.

The O1l Step circuit operates in the following man-
ner. As before, each time that the magnet 71 leaves the
second Hall switch 74 and the engine i1s rotating for-
wardly, a signal 1s applied to pin 2 of timer 176 t0 gener-
ate a pulse of a duration determined by resistors 177 and
178 and capacitor 179. Resistor 177 is adjusted so that
the duration of the timer pulse i1s equal to the time that
it takes for magnet 71 to travel back to Hall switch 73
when the engine is operating at 1200 rpm, The timer
output pin 3 1s applied to NAND gate 180, together
with the signal from Hall switch 73, inverted by in-
verter 141.

At engine speeds below 1200 rpm, the output of gate
180 will be high at all times so that flip-flop 181 1s not set
and has a low Q output. This ts tnverted by inverter 182
so that a high 1s outputted through diode 183 and resis-
tor 184 to mverter 185. The low output therefrom 1s
applhied to the base of transistor 186 {¢o maintain this
transistor off. The o1l step switch thus grounds 1ts termu-
nal 43 at such time. If the o1l pressure 1s below 20 psi,
the conventional pressure-actuated switch 44 (FIG. 1) 15
open. However, if the o1l pressure is below 20 psi,
switch 44 will close, completing an energizing circuit to
light 46 which will illuminate to provide a warning to
the operator of the low o1l pressure condition.

An increase m engine speed to 1200 rpm causes the
high signai from inverter 141 to be applied to the input
of gate 180 during the period of the output pulse trom
timer 176, and the output of gate 180 will go low to

provide a set signal to flip-flop 181 The ( output :

thereot goes high and 1s inverted by inverter 182.

It 1s desirabie 1o provide a time delay between the
time that the engine speed reaches 1200 rpm and the
time that the oil-step switch 41 is actuated. This time
delay 15 provided herein as follows.

During the time that the speed is below 1200 rpm the
high output of inverter 182 will cause capacitor 187 to
charge. When the thip-flop 181 is set at 1200 rpm and the
output of mverter 182 goes low, capacitor 187 will
discharge. Diode 183 prevents discharge into immverter
182 and thus the discharge path for capacitor 187 1s
through resistor 188. This provides a time delay before
the voltage at the input of inverter 185 drops to the
transfer level and the output thereof goes high. This
delayed high output will turn on transistor 186 to ener-
gize the o1l step relay coil 189. Typically, a delay of
about 8 seconds 1s desirable and the values of capacitor
187 and resistor 188 are selected to provide such delay.

With relay coil 189 energized, the oil step switch 1s
actuated to ground the normally open contact 47
thereof and complete an energizing circuit through the
oil-pressure-actuated switch 48 to hight 49. If the oil
pressure is above 40 psi, switch 48 is held open. If the
pressure falls below that value, switch 48 will close and
Light 49 will be 1lluminated to warn the operator of the
low otil-pressure condition.

Flip-flop 181 remains set and transistor 186 remains
conductive as long as the engine speed remains above
1200 rpm. On the first time that there was a time coinci-
dence of high signals at the input to gate 180, such that
its output went low to set the fhip-flop 180, the low
output of gate 180 was inverted by inverter 191, causing
capacitor 192 to charge quickly and apply a high volt-
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age at the reset input R of flip-flop 181. When the time
coincidence of high signals to gate 180 ends, its ocutput
goes high and the output of inverter 191 goes low. Ca-
pacitor 192 cannot discharge into inverter 191 because
of diode 193 and must discharge at a relatively slow rate
through resistor 194. The next time coincidence of high
signals to gate 180 will again cause the output of in-
verter 191 to go high and recharge capacitor 192. The
values of capacitor 194 and resistor 194 are chosen so
that capacitor 194 cannot discharge in one cycle of
operation to a level sufficient to reset flip-flop 181.

Flip-flop 181 will reset automatically when the en-
gine speed drops below 1200 rpm. At such speed, the
output of gate 180 remains high and the output of in-
verter 191 remains low, allowing capacitor 192 to dis-

- charge sufficiently to drop the voltage at the reset input
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of flip-flop 181 below the transfer level, thus permitting
the flip-flop to reset.

With flip-flop 181 reset, transistor 186 turns off to
de-energize relay cotl 189 so that the oil step switch 41
reverts to i1ts deactuated position.

Although the function of the shutdown circuits
(FIGS. 4A and 4B) and sensors (FIGS. 2 and 3) have
been described in conjunction with a specific system
(FIG. 1) 1t will be understood that the same relay func-
tions with the same or other trip modes could be used in
various modifications of the system of FIG. 1. For ex-
ample, instead of cutting off the fuel supply, engine
shutdown could also be realized by shutting off the air
inlet to the engine, or by turning off the ignition system
in an engine utiizing spark plugs. The disclosed relays
could, 1f desired, be used to shut down the engine by
any one, or a combination, of these methods. If desired,
engine shutdown could also be accomplished by use of
the o1l step relay, if desired. The crank termination relay
could be used in conjunction with appropnate circuitry
to perform some other function if termination of the
start motor operation (n manual start operations were to
be considered an unnecessary iuxury.

The particular arrangement of the speed sensor
makes 1t conveniently suitable for use with logic cir-
cultry of the type shown in FIGS. 4A and 4B 1o effect
control funchtions related to engine operation al any
selected speed point within the range of any type of
internal combustion engine. For example, 1t 15 well
known that for engines equipped with a turbocharger,
an mcrease in the volume of air provided to the turbo-
charger at low speeds will provide a jet assist to the
turbocharger so that turbocharger lag s prevented,
thereby allowing faster engine acceleration. The in-
creased air volume fed mto the engine from the turbo-
charger also enhances clean burning and reduces pollut-
ing enussions as the engine accelerates. U.S. Pat. No.
3,396,534 discloses a system wheremn the volume of air s
increased to act as a jet assist in the turbocharger com-
pressor over a preseiected turbocharger speed range
wherein 1t 18 desirable to increase the rate ot accelera-
tion of the engine, with the increased air being cut off at
the top of the speed range by a control valve responsive
to the degree of manifold pressure. Since the present
invention provides a system whereby the engine speed
can be sensed and control functions effected at prese-
lected speeds, it can easily be used in such a turbocharge
system to provide increased atr below a selected engine
speed.

THE EMBODIMENTS OF THE INVENTION IN
WHICH AN EXCLUSIVE PROPERTY OR PRIVI-
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LEGE IS CLAIMED ARE DEFINED AS FOL-
LOWS:

1. Apparatus for controlling the functioning of an
engine cComprising:

A. a shaft driven by said engine at a speed propor-

tional to the engine speed,

B. means responsive to rotation of said shaft through
a predetermined degree of rotational movement tor
generating a first signal at the beginning of such
movement and a second signal at the end of such
movement, pl C. timer means for producing a
timer signal of predetermined time duration,

D. means for starting said timer in response to genera-
tion of said first signal,

E. means for effecting a control function in response
to time coincidence of said second signal and said
timer signal, said effecting means including,

i. a normally reset flip-flop apparatus,

iI. means for setting said flip-flop apparatus in re-
sponse to said second signal being generated during
the existence of said timer signal, and

jitl. means for effecting said control function in re-
sponse to setting of said flip-flop apparatus.

¥ 2. Control apparatus as set forth in claim 1 wherein
said means for effecting a control function 1n response
to time coincidence of said second signal and said timer
signal comprises:

a normally reset flip-tlop means,

means for setting said flip-flop means if said second
signal is generated during the existence of said
timer signal,

means responsive to the setting of said tlip-flop means
for effecting said control function. ]

3. Apparatus as set forth in claim [2] 7 wherein said
timer means includes a capacitor for determining the
duration of said timer signal in accordance with the
length of time that it takes for said capacitor to charge
to a predetermined voltage level and means including a
variable resistor connected in series with said capacitor
for charging said capacitor through said variable resis-
tor.

4. Apparatus as set forth in ¢claim [2] 7 wherein said
timer means includes a first capacitor for determining
the duration of said timer signal in accordance with the
length of time that it takes for said first capacttor to
charge to a predetermined voltage level and means
including a variable resistor connected in series with
said first capacitor for charging said first capacitor
through said variable resistor, said apparatus further
mciuding: |

a second capacitor,

means including a manually operable switch for con-
necting said first and second capacitors in parallel
when said switch 1s operated.

5. Apparatus as set forth in claim {2} 7 and further

including:

a manually operable switch,

means responsive to operation of said switch for re-
setting said fhip-flop means.

6. Apparatus as set forth in clatim [2] 7 and further

including:

means mcluding a capacitor for resetting said flip-flop
means when the charge on said capacitor drops
below a predetermined value, said means further
including means for rapidly charging said capacitor
to above said value during the existence of said
timer signal and means for slowly discharging said
capacitor when said timer signal is not present.
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7. Apparatus as set forth in claim [2] 7 wherein said
flip-flop means is resettable by application of a low
signal thereto and wherein said flip-flop means cannot
be set while a low reset signal is applied thereto, and
further including:

means including a capacitor for applying a low reset
signal to said flip-flop means when the charge on
said capacitor is below a predetermined value and
a resistor connected across said capacitor for dis-
charge of said capacttor therethrough,

means for charging said capacitor during time coinci-
dence of said timer signal and said second signal
and at a greater rate than said capacitor can dis-
charge through said resistor.

8. Control apparatus comprising:

A. a housing,

B. a shaft mounted in said housing for rotation aboul
the axis of said shaft,

C. a magnet mounted on said shaft for movement by
said shaft through an orbital path relative to said
housing,

D. magnetically actuated sensor means mounted on
said housing adjacent said orbital path tfor generat-
ing a first signal when said magnet has been moved
to a fixed point in its orbital path and a second
signal when said magnet has been moved a prede-
termined distance from said fixed point,

E. timer means for producing a signal of predeter-
mined time duration,

F. means for starting said timer means (nto operation
in response to generation of said first signal,

G. means for effecting a control function 1n response
to time coinctdence of said second signal and said
timer signal wherein said effecting means includes,
I. a flip-flop means,

ii. means for setting said flip-flop apparatus in re-
sponse to said second signal being generated during
the existence of said timer signal,

iil. means for effecting said control function in re-
sponse to the seiting of said flip-flop apparatus.

[9. Control apparatus as set forth in claim 8 wherein
said means for effecting a control function 1n response
to time coincidence of said second signal and said timer
signal comprises:

a flip-flop means,

means for setting said flip-flop means if said second
signal is generated during the existence of said
timer signal,

means responsive to the setting of said flip-flop means
for effecting said control function.}

10. Apparatus as set forth in claim [9] 7 wheremn
said timer means includes a capacitor for determining
the duration of satd timer signal in accordance with the
length of time that it takes for said capacitor to charge
to a predetermined voltage level and means including a
variable resistor connected in series with said capacitor
for charging said capacitor through said vanable resis-
tor.

11. Apparatus as set forth in claim [9) 7 wherein
said timer means includes a first capacitor for determin-
ing the duration of said timer signal in accordance with
the length of time that it takes for said first capacitor to
charge to a predetermined voliage level and means
including a variable resistor connected in series with
said first capacitor for charging said first capacitor
through said variable resistor, said apparatus further
including:

a second capacitor,
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means inciuding a manuallv operable switch for con-
necting said first and second capacitors in parallel
when said switch 15 operated. |

12. Apparatus as set forth in claim [9Y 7 and further
including:

a manually operable switch,

means responsive to operation of said switch for re-
setting said tlip-flop means.

13. Apparatus as set forth i claim [9] 7 and further

imcluding:

means including a capacitor for resetting said flip-flop
means wien tne charge on said capacitor drops
below a predetermined value, sard means further
including means for rapidly charging said capacitor
to above said value during the extstence of said
timer signal and means for slowly discharging said
capacitor when said timer signal is not present.

14. Apparatus as set forth in claim [9Y 7 and further
mcluding:

means for delaving for a predetermined and substan-
tial period of time following time coincidence of
sald second signal and said timer signal, the opera-
tion of said means for effecting said control func-
tion.

15. Apparatus as set forth in claim [97 7 wherein
satd thp-flop means is resettable by application of a low
signal thereto and wherein said flip-flop means cannot
be set while a low reset signal 1s applied thereto, and
further including:

means including a capacitor for applying a low reset
signal to said flip-flop means when the charge on
sald capacitor 1s below a predetermined value and
a resistor connected across said capacitor for dis-
charge of said capacitor therethrough.

means tor charging said capacitor during time coinci-
dence of said timer signal and said second signal
and at a greater rate than said capacitor can dis-
charge through said resistor.

16. Apparatus of the character described, comprising:

a housing,

a shaft mounted in said housing for rotation about the
axis of sard shaft,

a magnet mounted on said shaft for movement
thereby through an orbital path relative to said
housing,

first and second magnetically actuated sensors
mounted on said housing and disposed adjacent
said orbital path, said sensors and magnet being
dimensioned and said sensors being disposed rela-
tive to each other such that as saild magnet is
moved past said sensors said magnet will first actu-
ate one of said sensors alone, then actuate both
sensars simultaneousty, then actuate the other of
said sensors alone.

7. Apparatus as set forth in clatm [16F 74 and fur-

ther including:

a flip-flop means,

means responsive to actuation of said first sensor for
setting said flip-flop means when said first sensor is
actuated,

means responsive to actuation of said second sensor
for resetting said flip-flop means when said second
SENSOT 1§ actuated,

means for producing an inhibit signal during actua-
tion of either sensor,

means for producing a reverse-direction signal each
time that said flip-flop means is set and said tnhibit
signal i1s not present,
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means tor effecting a control function,

means responsive to the production of a reverse-
direction signal for actuating said control-function-
etfecting means.

18. Apparatus as set forth in claim [17] 75 wherein
said means responsive to the production of a reverse-
direction signal 1s a latchable means, said apparatus
turther including:

means for resetting said latchable means when said

first flip-flop means is reset by actuation of said
second sensor and said inhibit signal is not present.
19. Apparatus as set forth in claim [17] 75 wherein
sald means responsive to the production of a reverse-
direction signal inciudes means for counting said re-
verse-direction signals and for inhibiting operation of
said control-function-effecting means until the count of
said reverse-direction signals is greater than one.
20. Apparatus as set forth in claim [16F 74 and fur-
ther including:
a first flip-flop means,
means responstve to actuation of said first sensor for
setting said first flip-flop means when said first
SEnsOr 18 actuated,

means responsive to actuation of said second sensor
for resetting said first flip-flop means when said
second sensor 1s actuated,

means for producing an inhibit signal during actua-

tion of etther sensor,

means for producing a reverse-directon signal each

time that said first flip-flop means is set and said
inhibit signal is not present,

a second thp-tlop means.

means responsive to the production of a reverse-

direction signal for setting said second flip-flop
means,

means operable 1n response to setting of said second

thip-flop means for effecting a control function.

21. Apparatus as set forth in claim [20] 78 and fur-
ther inctuding:

means tor resetting said second -flip-flop means when

said first flip-flop means is reset and said inhibit
signal 1s not present,

22, Apparatus as set forth in claim [207 /& wherein
said means responsive to the production of a reverse-
direction signal includes a counting means for counting
said reverse-direction signals and for inhibiting setting
of said second flip-flop means until the count of sud
reverse-direction signals 1s greater than one.

23. Apparatus as set forth in claim [217 79 and fur-
ther including:

means for resetting said second flip-flop means and

said counting means when said first flip-flop means
i$ reset and said inhibit signal is not present.

24. Apparatus as set forth in claim [167} 74 and fur-
ther including:

timer means for producing a signal of predetermined

time duration,

means responsive to each movement of said magnet

past said sensors for causing said timer means to
produce its signal after said first sensor is deactu-
ated,
a thp-tiop means,
means responsive to the presence of said timer signal
and actuation of said first sensor for setting said
thip-flop means if said first sensor 1s actuated by said
magnet during the existence of said timer signal,

means responsive to the setting of said flip-flop means
tor effecting a contro! funcrion.
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25. Apparatus as set forth in claim [24] 22 wherein

said timer means includes a capacitor for determining
the duration of said timer signal in accordance with the

length of time that it takes for said capacitor to charge

to a predetermined voltage level and means including a
variable resistor connected in sertes with said capacitor
for charging said capacitor through said variable resis-
{or.

26. Apparatus as set forth in claim [24] 22 wheren
said timer means includes a first capacitor for determin-
ing the duration of said timer signal in accordance with
the length of time that it takes for said first capacitor to
charge to a predetermined voltage level and means
including a variable resistor connected 1n series with
said first capacitor for charging said first capacitor
through said variable resistor, said apparatus further
including:

a second capacitor,

means including a manually operable switch for con-

necting said first and second capacitor in parailel
when said switch 1s operated.

27. Apparatus as set forth in claim [24] 22 and fur-
ther including:

a manually operable switch,

means responsive to operation of said switch for re-

setting said flip-flop means.

28. Apparatus as set forth in claim [24] 22 and fur-
ther including;:

means including a capacitor for resetting said flip-flop

means when the charge on said capacitor drops
below a predetermined value, said means further
including means for rapidly charging said capacitor
to above said value during the existence of said
timer signal and means for slowly discharging said
capacitor when said timer signal 1s not present.

29. Apparatus as set forth in claim [24] 22 and fur-
ther inchuding:

means for delaying the operation of said control-func-

tion-effecting means for a predetermined and sub-
stantial period of time following time coincidence
of said second signal and said timer signal.

30. Apparatus as set forth in claim [24] 22 wherein
said flip-flop means is resettable by application of a low
signal thereto and wherein said flip-flop means cannot
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be set while a low reset signal 1s applied thereto, and

further including:

means including a capacitor for applying a low reset
signal to said flip-flop means when the charge on
said capacitor is below a predetermined value and
a resistor connected across said capacitor for dis-
charge of said capacitor therethrough,

means for charging said capacitor during time coinci-
dence of said timer signal and first season actuation
at a greater rate than said capacitor can discharge
through said resistor.

31. Apparatus as set forth in claim [16} /4 and fur-

ther including:

a first flip-flop means,

means responsive to actuation of said first sensor for
setting said first flip-flop means when said first
sensor s actuated,

means responsive to actuation of said second sensor
tor resetting said first flip-flop means when said
second sensor 1s actuated,

means for producing an inhibit signal during actua-
tion of either sensor,
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means for producing a reverse-direction signal each
time that said first flip-flop means is set and said
inhibit signal 1s not present,

means responsive to the production of a reverse-
direction signal for effecting a control function,

timer means for producing a signal of predetermined
time duration,

means for starting said timer means into operation
each time said first flip-flop means is reset and said
inhibit signal 1s not present,

a second flip-flop means,

means for setting said second flip-flop means if sawd
first sensor is actuated by said magnet during the
existence of said timer signal,

means responsive to the setting of said second thp-
flop means for effecting a control function.

32. Apparatus as set forth in claim [31] 29 wherein
sald timer means includes a capacitor for determining
the duration of said timer signal in accordance with the
length of time that 1t takes for said capacitor to charge
to a predetermined voltage level and means including a
variable resistor connected in series with said capacitor
for charging said capacitor through said variable resis-
tor.
33. Apparatus as set forth in claim [31] 29 wherein
said timer means includes a first capacitor for determin-
ing the duration of said timer signal 1n accordance with
the length of time that it takes for said first capacitor to
charge to a predetermined voltage level and means
including a variable resistor connected 1n series with
said first capacitor for charging said first capacitor
through said variable resistor, said apparatus further
including:

a second capacitor,

means including a manually operable switch for con-
necting said first and second capacitors 1n parallel
when said switch 1s operated.

34. An automatic impedance-changing circuit for
connecting a load to a direct current voltage source,
sald circuit having an input connected to one side of
said voltage source and an output connected to said
load, said load being also connected to the other side of
said voltage source for current flow from a voltage
source through said circuit and said load, said current
COmprising:

a first current path from the input of said circuit to the
output thereof, said first current path having a
resistor therein,

a second current path from the input of said circutt to
the output thereof, said second current path having
a switch means therein for allowing current flow
through said second current path when said switch
means is closed and for preventing current flow
through said second current path when said switch
means 18 open,

means connected between the input of said circuit
and said other side of said voltage source for clos-
ing said switch means if the voltage at said input is
below a predetermined magnitude.

35. A circuit as set forth in claim [34] 32 wherein
said second current path shorts across said resistor in
said first current path when said switch means is closed.

36. A circuit as set forth in claim [34} 32 wherein
said second current path includes a resistor which is
connected in parallel with the first current path resistor
when said switch means is closed.

37. A circuit as set forth in claim £36] 34 and further

including;:
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a third current path from the input of said circuit to
the output thereof, said third current path having a
switch means therein for allowing current flow
through said third current path when said switch
means 1s closed and for preventing current flow 5
through said third current path when said switch

20

voltage at satd input exceeds the breakdown poten-
tial of said zener diode,

means responsive to conduction of said zener diode

for turning said transistor off and responsive to
non-conduction of said zener diode for turning said
transistor on.

means 1S open, | S 40. A circuit as set forth in claim [397 37 wherein
means connected between the input of said circuit  g5id second current path shorts across said first current
and said other side of said voltage source for clos- path resistor when said transistor is turned on.

ing said thil‘d_ current 'path switch means if_ the 10 ° 41 A circuit as set forth in claim [397 37 wherein
voltage dﬁt 53}1:3_' l:“l?ml L5 b:lowha pregetermmeg said second current path includes a resistor in series
magnitude which is less than the predetermine with said transistor.

magmtude for closing said second current path 42. A circuit as set forth in claim [39} 37 and further
switch means. including:

38. A circuit as set forth in clai 3731 35 wherel . . .
iUt as Se in claim [37] WRETEIN 15 third current path from the input of said circuit to

said third current path shorts across said resistor in said the output thereof. said third current path havi
first current path when said third current path switch 2P ) urrent patii naving 4
transistor therein to allow or prevent current flow

means is ciosed. th h said third c b if said ‘ ,
39. An automatic impedance-changing circuit for rough said third current path if said transistor 1s
on or off, respectively,

connecting a load to a direct current voltage source, 20 . _ ‘
means including a second zener diode connected

said circutt having an input connected to one side of * C P q _
between the input of said cirucit and said other side

said voltage source and an output connected to said * * , ‘
load, said load also being connected to the other side of of said battery, said second zener diode being con-
ductive 1if the voltage at said input exceeds the

said voltage source for current flow from a voltage _ _ _
source through said circuit and said load, said circuit 25 breakdown potential of said second zener diode,
said second zener diode having a breakdown po-

comprising:

a first current path trom the input of said circuit to the te?ntial lower than that of said first-mentioned zener
output thereof, said first current path having a diode,
resistor therein, means responsive to conduction of said second zener

a second current path from the input of said circuit to 30 diode tor turning said third current path transistor
the output thereof, said second current path having off and responsive to non-conduction of said zener
a transistor therein to allow or prevent current diode for turning said transistor on.
flow through said second current path if said tran- 43. A circult as set forth in claim [42] 40 wherein
sistor 1s on or off, respectively, said third current path shorts across said first current

means including a zener diode connected between the 35 path resistor when said third current path transistor is
mput of said circuit and saitd other side of said turned on.

battery, said zener diode being conductive if the L A

4()
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