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concurrently energised is limited to a preselected maximum; and This
invention relates generally to contactor          limiting means for
receiving the control signals control apparatus and, more particularly, to
and the blocking signal, allowing the control apparatus for controllably
limiting the concurrent    5    signals to pass to respective coil drivers
in the energization of a plurality of contactor coils to a    absence of
the blocking signal and blocking each eselected maximum number and
protecting the          of the control signals from the respective coil
plurality of coils from  damage owing to short         drivers on receipt
of the blocking signal.               * circuits.
According to the present invention, a method Many control circuits have a
plurality of ener-   10   for limiting the energization of a plurality of
gizeable contactor coils which control associated       contactor coils to
a preselected number is charac- contacts through which electrical power is
sup-        terised by: plied to respective controlled devices. A plurality
sensing the total current flowing through the of coil drivers respond to
respective control           plurality of coils; signals by closing or
opening associated circuit   15     generating a triggering signal in
response to paths to energize or deenergize the contactor          the
total current exceeding a preselected value; coils. The coil drivers
typically include transistor     generating a blocking signal in response
to switches in series connection with the coils. The       receipt of the
triggering signal, the blocking signal transistors are biased "on" and
"off' and the coils     having a preselected time duration; and are
responsively energized or deenergized. For   20      blocking  the
energization  of each  coil in example, an electric vehicle typically has a
plu-       response to receipt of the blocking signal. rality of motors and
other devices performing            Fig.lAandBshowaschematicillustrationofa
various functions, each device being supplied           control system
incorporating an embodiment of with power under the control of an
associated          the present invention; contactor.
25      Fig. 2 is a flow chart used to explain the One problem with the
above described control          software of the present invention; and
circuits is that a short-circuited coil causes exces-    Fig. 3 is a
schematized top view of an electric sive current to flow through both the
coil and the     vehicle having the control system of the present
transistor of the coil driver, causing damage to or    invention. failure
of the transistor as well as further damage    30  Fig. 1A and B illustrate
an apparatus 10 adapt- to the coil. Furthermore, a control circuit having a
able to be used in, for example, an electric vehicle plurality of coils and
coil drivers requires protec-    120, such as a lift truck, having a
plurality of tion in the event of a short circuit in any one or      motors
70, 70', and other controlled devices. The more of the coils. A problem
exists in con-           apparatus 10 includes a plurality of controllable
veniently and reliably monitoring and protecting    35    contactors
12A-12E, associated contactor coils each of the coils and coil drivers
simultaneously.      14A-14E and coil drivers 16A-16E, and a means - A
further deficiency of the above described           18 for selectively
supplying respective control control circuits is evidenced when it is
desired to    signals to controllably energize and deenergize limit the
number of concurrently energized coils       each of the coil drivers
16A-16E. to a preselected maximum number. The above    40         The means
18 includes means 20 for producing circuits make no provision for such
limiting con-      the control signals on the lines 22A-22E, and trol.
means 24 for supplying a plurality of logic signals US-A-3466505  describes
an apparatus in              to the means 20. The means 20 advantageously
which the maximum number of contactor coils            includes a
programmable data processing means that can be energized at any one moment
is   45    26 for producing respective control signals on the limited, the
apparatus comprising a transistor         lines 22A-22E in response to the
logic signals. arranged to interrupt the energization of all coils    The
data processing means 26 is preferably a when more than one coil is
selected for energiza-      software programmable microprocessor 28. tion.
The means 24 includes, for example, a line The present invention is
directed to overcoming    50   contactor switch 30 which, when closed, pro-
one or more of the problems as set forth above.        duces a logic 1
signal on a line 32, and, when According  to  the  present invention, an
opened, produces a logic 0 signal on the line 32. apparatus for controlling
the operation of a plu-      The switch 30 is, for example, a conventional
key rality of contactors, each having an associated        switch, a seat
operated switch, or a combination coil and coil driver, and comprising:
55  thereof selected to initiate operation of the vehicle means for
selectively supplying respective con-      120. trol signals to each of the
coil drivers; and means      The means 24 additionally includes a lift
switch for limiting the number of concurrently energised      34 which,
when closed and opened, produces coils to a preselected maximum, is
characterized       respective logic 1 and logic 0 signals on a line 36. by
60     The means 24 also includes a directional con- monitoring means for
sensing the total current      trol switch 38 having a forward position F,
a flowing through the coils and supplying a block-      neutral position N,
and a reverse position R. ing signal in response to the magnitude of the
When the switch 38 is in the neutral position N, a total current exceeding
a preselected value which      capacitor 40 is charged from +V through a
resis- is such that the number of coils that can be    65   tor 42 to a
logic 1 and the output of an inverter 44 



2    3                   0  130 184                      4 on a line 46 is
responsively a logic 0, and a       contacts 12C-3 and 12C-4 are connected
on oppo- capacitor 48 is charged from +V through a resis-    site sides of
the armature 72 and are responsive tor 50 to a logic 1 and the output of an
inverter 52  to the contactor coil 14C. A pair of normally on a line 54 is
responsively a logic 0.             closed reverse contacts 12B-1 and 128-2
and a In response to the directional control switch 38    5    pair of
normally open forward contacts 12B-3 and being switched to the forward
position F, the       12B-4 are connected on opposite sides of the
capacitor 40 is discharged through the resistor 42  armature 72' and are
responsive to the contactor and the switch 38 to a logic 0 and the output
of the  coil 14B. inverter 44 on the line 46 is a logic 1. In response
Also shown are controllable means 78, 78' for to the directional control
switch  38 being    10   coupling power to the motors 70,70'. The control-
switched to the reverse position R, the capacitor   lable means 78, 78'
include power transistors 80, 48 is discharged through the resistor 50 and
the    80' connected in series with the motors 70, 70'. switch 38 and the
output on the line 54 from the    The means 78, 78' receive the signals on
the lines inverter 52 is a logic 1.                           66, 66' and
controllably deliver power from the The means 24 further includes a means
56 for   15   power source 76 to the motors 70, 70' in response generating
a plurality of preselected digital num-  to the received signals. bers
representing motor speed commands and            Normally open bypass
contacts 12A-1, 12A-2 supplying the numbers to an output line 58. As
are connected across the power transistors 80, 80' one example, the
generating means 56 is coupled     and pass current around the power
transistors 80, to an accelerator pedal 60 via a linkage 62. The   20   80'
in response to a bypass condition described generating means 56 includes a
transducer and       below. The contacts 12A-1, 12A-2 are responsive signal
conditioning circuit 64 which converts posi-  to the contactor coil 14A.
tional information of the accelerator pedal 60 to     The contactor coils
14A-E are each controlled any one of the digital numbers 0000-1111 on the
by respective coil drivers 16A-E. Each coil driver line 58. Each digital
number in the range    25    16A-E includes an associated transistor switch
0000-1111 is a different motor speed command        92A-E having a
collector connected to a first signal. In this example, the number 0000
com-       terminal of the respective coil 14A-E. A second mands zero
speed, the number 1000 commands          terminal of each coil 14A-E is
connected to +V. half speed and the number 1111 commands full        An
emitter of each transistor switch 92A-E is or maximum speed. The range of
digital numbers   30   connected to the circuit ground via a shunt resis-
from 0000 to 1111 in the binary coded decimal       tor 94194'. format
(BCD) is used only for convenient illus-       The base of each transistor
switch 92A-E is tration and could be any suitably coded binary
connected via a respective line 90A-E to a representation, for example, a
gray code, having    limiting means 89. The limiting means 89 includes a
number of bits consistent with the desired    35   associated NOR gates
86A-E. Each gate includes precision.
a first input terminal connected to a control line The logic signals
produced by the various          88, a second input terminal connected to a
elements of the means 24 are delivered via the      respective one of the
lines 22A-E, and an output line 32, 36, 46, 54, 58 to the means 26. The
means  terminal connected to a respective one of the 26, in response to a
preselected set of operating    40   lines 90A-E. instructions or software,
to be further described     In response to a logic 0 signal on the control
below, receives the logic signals on the lines 32,  line 88 and a logic 0
signal on at least one of the 36, 46, 54, 58 and responsively produces
various    lines 22A-E, the associated NOR gate supplies a control signals
on the lines 22A-E and the lines    logic 1 signal to the base of the
respective 66, 66'.                                      45   transistor
92A-E. The transistor 92A-E is biased In the present example, since there
are sixteen  "on" and enables current to flow from  +V digital numbers or
command speeds in the range      through the respective coil 14A-E,
transistor 0000-1111, there are sixteen different pre-         92A-E, and
shunt resistor 94/94', to circuit selected motor speed control signals
produced by    ground, energizing the respective coil 14A-E. the means 26
on the lines 66, 66'. The signals   50   Conversely, in response to a logic
1 signal on the produced on the lines 66, 66' are pulse trains.     control
line 88, each of the NOR gates 86A-E Each of the sixteen different pulse
trains have a   supplies a logic 0 signal to the respective coil
preselected duty factor or proportion of "on-      drivers 16A-E and, in
response, the associated time" to "off-time".
coils 14A-E are deenergized. The pulse trains on the lines 66, 66' are   ss
To summarize, individual "on/off" control of delivered to means 68. The
means 68 has motors      each of the coil drivers 16A-E and associated 70,
70' which are drive motors for the vehicle 120. \  coils 14A-E is
accomplished in response to the The motors 70, 70' have armatures 72, 72'
and       state of the logic signals received on the lines field windings
74, 74'. The means 68 also has a     22A-E and to the logic 0 signal being
received on normally open line contact 12E-1 which is respon-   60   the
control line 88. Common blocking control of sive to the contactor coil.
14-E and couples power   all of the coils 14A-E  is accomplished in 



from a power source 76, such as a vehicle battery,  response to the logic 1
signal being received on to the motors 70, 70'.
the control line 88. A pair of normally open reverse contacts 12C-1
The shunt resistors 94, 94' comprise a monitor- and 12C-2 and a pair of
normally closed forward   65  ing means 84 for sensing the total current
flowing 3    5                    0  130  184                       6
through the plurality of the coils 14A-E and            logic 1 signal on
the line 102 the multivibrator 100 associated coil drivers 16A-E and
supplying a           delivers a continuous logic 0 signal on the control
variable current signal in response to the mag-        line 88 to each of
the gates 86A-E.               / nitude of the sensed total current.
In response to at least one of the transistors 96, * The monitoring means
84 is part of an overall    5    96' being biased "on" a logic 0 signal is
delivered control means 85 for receiving the current signal       on the
line 102 to the multivibrator 100. In and controllably limiting the number
of concur-      response to receiving the logic 0 signal on the line rently
energized coils 14A-E to a preselected           102 the multivibrator 100
delivers a logic 1 signal maximum number in response to the magnitude
via the control line 88 to each of the gates 86A-E of the current signal.
The means 85 also includes    70   for a preselected period. a means 87 for
supplying a triggering signal in          In response to receiving the
logic 1 signal on response to the magnitude of the current signal
the line 88, each of the NOR gates is blocked, as exceeding a preselected
value and a means 99 for       described above, from passing the signals on
the receiving the triggering signal and supplying a        lines 22A-E and
each of the coil drivers 16A-E blocking signal in response to receiving the
trig-    15   and respective coils 14A-E is deenergized for at gering
signal.                                          least the preselected
period. In response to the As one example, a first terminal of the shunt
coils 14A-E being deenergized, current ceases to resistor 94 is connected
to the emitter of the         flow through the shunt resistors 94, 94', the
transistors 92D, E and a first terminal of the shunt   transistors 96, 96'
are biased "off", and the logic 1 resistor 94' is connected to the emitter
of the    20    signal is delivered to the multivibrator via the line
transistors 92A-C. A second terminal of the             102. However,
according to the conventional de- shunt resistors 94, 94' is connected to
circuit        sign of the monostable multivibrator 100, the ground.
logic 1 signal continues to be delivered to the line The first terminal of
the resistor 94 is ad-          88 for the preselected period. Subsequent
to the ditionally connected to the base of a transistor 96.    25
preselected period, the logic 0 signal is again In a like manner, the first
terminal of the resistor   deliverd to the line 88 and the gates 86A-E are
94' is additionally connected to the base of a   --    again enabled to
control the energization of the transistor 96'. The emitters of the
transistors 96,    contactor coils 14A-E in response to the signals 96' are
connected to circuit ground and the            on the lines 22A-E.
collectors of the transistors 96, 96' are connected    30  In the case
where the condition which causes to +V through a pull-up resistor 98 and to
a            excessivecurrentflowthroughtheshuntresistors trigger input of
the means 99, preferably a mono-      94, 94' continues to exist, the
multivibrator 100 stable multivibrator 100, via a line 102. An output
repetitively toggles the NOR gates "off" for the of the multivibrator 100
is connected to the            preselected period and prevents operation of
the control line 88.                                 35    vehicle 120 and
further damage to the control As is above described, all current flowing
system 10. In the case where the condition which through the coils 14A-C
and the coil drivers            causes excessive current flow through the
shunt 16A-C necessarily flows through the shunt resis-       resistors 94,
94' has ceased, the operation of the tor 94' and all current flowing
through the coils      control system 10 returns to normal at the end of
14D, E and the coil drivers 16D, E flows through    40   the preselected
period. the shunt resistor 94. The current flowing through       As one
example of the operation of the control the shunt resistors 94, 94'
produces a voltage         system 10, the contactor switch 30 is closed and
across the shunt resistors 94, 94' and responsive-     the microprocessor
28 responds under software ly on the respective transistor 96, 96' bases.
The      control to the resulting logic 1 signal on the line transistors
96, 96' are thus biased "on" in   45    32 by producing a logic 0 signal on
the line 22E. response to a relatively high current flow through
Assuming normal conditions, i.e., a logic 0 signal the respective shunt
resistor .94, 94' and "off" in    on the control line 88, the line
contactor 12E-1 is response to a relatively low current flow.
energized as previously described. The resistance of the shunt resistors
94, 94' is       Continuing the example, the directional control selected
such that the current flow produced by,   50   switch 38 is in the forward
position F and the for example, two of the contactor coils 14A-E
microprocessor 28 responds under software con- being energized does not
bias the respective           trol to the logic 1 signal on the line 46 by
transistor 96, 96' "on", but the increased current     producing a logic 0
signal on the line 22B, and the flow produced by the addition of a third
energized      NOR gate 86B energizes the contactor coil 14B. contactor
coil 14A-E or by a short circuited coil   55    The forward contacts 128-3
and 12B-4 are respon- 14A-E does bias the transistor 96, 96' "on".
sively closed and the forward contacts 12C-3 and The "on-off" condition of
the transistors 96, 96'     12C-4 remain closed. 



is thus controlled by the level of total current flow    Next, the
accelerator pedal 60 is depressed to through the shunt resistors 94, 94'
which is, in       one of a plurality of positions and the means 56 turn,
responsive to the number and condition of   60    generates the preselected
digital number on the the energized contactor coils 14A-E.
line 58. The microprocessor 28, under software In response to both of the
transistors 96, 96'     - control, produces pulse trains on the lines 66,
66' being biased "off" a logic 1 signal is delivered on    in response to
the digital number on the line 58. the line 102 owing to the connection of
the pull-up     Responsively, power is coupled from the power resistor 98
to +V. In response to receiving the    65   source 76 through the closed
line contact 12E-1, 4    7                   0  130  184
8 forward contact 12B-3, armature 72', forward         signal on the line
88. For example, the shunt contact 12B-4, field winding 74', transistor 80'
and  resistor 94' is selected to bias the transistor 96' back to the power
source 76. Also, power is          "on" in response to the current flow
produced by coupled from the power source 76 through the         the
concurrent energization of each of the coils closed line contact 12E-1,
forward contact 12C-3,    5    14A-C and to bias the transistor 96' "off"
in armature 72, forward contact 12C-4, field winding     response to the
energization of no more than two [err]4, transistor 80 and back to the
power source 76.   of the coils 14A-C. Thus, the motors 70, 70' are
energized to rotate in     Consequently, concurrent energization of the the
forward direction, at the commanded speed.        direction coil 14B and
the bypass coil 14A, caus- Similarly, in response to the directional
control   to   ing maximum speed operation of the vehicle 120 switch 38
being in the reverse position R, the        in the forward direction, does
not bias the transis- microprocessor 28 produces a logic 0 on the line
tor 96' "on"; nor does concurrent energization of 22C, the line 22B reverts
to a logic 1, the NOR gate  the direction coil 14C and the bypass coil 14A,
86C energizes the contactor coil 14C and the NOR      causing maximum speed
operation of the vehicle gate 86B deenergizes the contactor coil 14B in the
is   120 in the reverse direction, bias the transistor 96' manner described
above.                               "on". However, concurrent energization
of all The associated contactors are operated to ener-     three of the
coils 14A-C, which results in the gize the motors 70, 70' to rotate in the
reverse      potentially dangerous situation of maximum direction at the
commanded speed.                     speed operation of the vehicle 120
with the Assume now that the accelerator pedal 92 is   20    wheels 104,
104' counter-rotating, does bias the depressed to the full speed position
and respon-     transistor 96' "on" and results in the above sively the
number 1111 is on the line 58. The         described timed deenergization
of each of the microprocessor 28 responds under software con-        coils
14A-E. Other undesirable combinations of trol by producing the logic 0
signal on the line 22A  concurrently energized coils 14A-E are readily and
the bypass contacts 12A-1, 12A-2 are closed.   25    controlled by obvious
rearrangement of the em- In response, full non-pulsed power is supplied to
bodiment of this invention as taught above and the motors 70, 70'.
shown in Fig. 1. In a similar manner, closing the lift switch 34       Fig.
2 is a flow chart of a computer program causes the microprocessor 28 to
respond under         suitable for controlling the apparatus 10. Only the
software control by producing a logic 0 on the line    30   software
routines required to implement one 22D and energizing the coil 14D and
associated        embodiment of the present invention are de- contacts (not
shown), to energize another motor       scribed herein. Sufficient detail
is presented to (not shown) that, for example, lifts a device such    allow
one skilled in computer programming to as a fork lift or other implement
(not shown).        write the required program to implement the flow During
normal operation of the control system    35   chart for any common
microprocessor, for 10, as described above, the total current flowing
example, the microprocessor produced by MOS- through the shunt resistors
94, 94' in response to    TEK Corporation of Carrollton, Texas and desig-
the energization of the coils 14A-E produces a        nated by the part
number 3870. Upon beginning bias voltage on the base of the transistors 96,
96'   the flow chart at the block 200 labeled START, that is insufficient
to turn the transistors 96, 96'   40    program control progresses through
the follow- "on". Consequently, the line 88 remains at a logic   ing
sequence: 0 and the NOR gates 86A-E remain enabled.               In the
block 202 the program  routine begins A short circuit of one or more of the
coils         with the contactor coils 14A-E deenergized in 14A-E increases
the current flowing through the       response to a logic 1 control signal
from the respective shunt resistor 94, 94' and biases the    45
microprocessor 28 on the lines 22A-E. Sub- respective transistor 96, 96'
"on". In response, the  sequently, in the block 204, the status of the line
multivibrator 100 outputs the timed logic 1 signal    switch 30 is
determined. If the switch 30 is open, on the line 88 and the NOR gates
86A-E respon-       indicating that the vehicle 120 is not to be sively
output the logic 0 signals to each of the      operated, the program loops
back to the block transistor 92A-E bases. The coils 14A-E are   50   202.
This loop continues until the switch 30 responsively deenergized, causing
the current         closes, at which time the program proceeds to the
flowing through the resistors 94, 94' to decay,       block 206, and closes
the line contactor 12E-1 with biasing the transistors 96, 96' "off", and
resetting  a proper control signal from the microprocessor 



the trigger input of the multivibrator 100 via the    28 on the line 22E.
logic 1 signal on the line 102.                 ss      Next, in the block
208, the microprocessor 28 Following the preselected period of the block-
inputs the information received on the line 36 ing pulse produced by the
multivibrator 100, the      from the lift switch 34. If the lift switch 34
is control line 88 again delivers the logic 0 signal to  closed, program
control passes to the block 210 each of the NOR gates 86A-E. A continuing
short       where the lift contactor coil 14D is energized, with circuit
causes repeated iterations of the above    60    a proper control signal
from the microprocessor described events.
28 on the line 22D. If the lift switch 34 is open, In a like manner, any
other occurrence of           program control passes from the block 208 to
the current flow through the shunt resistors 94, 94'      block 224 where
the lift contactor coil 14D is sufficient to bias the transistors 96, 96'
"on"       deenergized with an appropriate control signal results in the
production of the logic 1 blocking    65   from the microprocessor 28 on
the line 22D. 5    9                    0  130  184                      10
In either event, in the block 212 the micro-         pedal 60 to any
desired command speed position. processor 28 next inputs the information
received      As a result, the controllable means 78, 78' are on the lines
46, 54 in response to the direction       pulsed "on" and "off" and couple
power to the switch 38 position. In the block 214 the direction     motors
70, 70'. Depressing the accelerator pedal contactor coils 14B, 14C are
selectively energized  5    60 to the full speed position causes the bypass
for vehicle 120 operation in the direction selected    contactor coil 14A
to be energized, closing the by the direction switch 38.
bypass contacts 12A-1, 12A-2 and supplying full formation received on the
line 58 relating to       power to the motors 70, 70'. the accelerator
pedal 60 position or speed de-           Finally, closing the lift switch
34 results in the mand is next input by the microprocessor 28 in   10
microprocessor 28 energizing the lift contactor the block 216. If the
maximum  speed demand            coil 14D and ultimately causes the lifting
of a accelerator pedal 60 position is not detected in the   device such as
a fork lift assembly (not shown). block 218, program control passes to the
block          At any time during the operation of the control 220. In the
block 220 the bypass contactor coil 14A   system 10, should a short circuit
occur in one or is deenergized with the appropriate control signal   15
more of the coils 14A-E, the means 84 functions from  the. microprocessor
28 on the line 22A.          as previously described to protect the coils
Finally, in the block 222, the microprocessor 28       14A-E and coil
drivers 16A-E from  further determines, in a conventional manner, either by
damage due to excessive current flow. Thus, if a calculation or from  a
look-up table stored in        short circuit occurs involving the line
contactor memory, appropriate pulse train waveforms to   20   coil 14E or
the lift coil 140, the transistor 96 is output on the lines 66, 66' to
operate the vehicle     biased "on" to generate the logic 0 trigger signal
120 at the speed demanded by the accelerator          on the line 102, or,
if a short circuit occurs pedal 60 position. Control is then transferred
back   involving the directional contactor coil 14C, the to the block 204
for the next program iteration.       directional contactor coil 14B or the
bypass con- If the maximum  speed demand accelerator    25   tactor coil
14A, the transistor 96' is biased "on" to pedal 60 position is detected in
the block 218,       generate the logic 0 trigger signal on the line 102.
program control passes to the block 226. In the        Consequently, the
logic 1 signal is generated by block 226 the bypass contactor coil 14A is
ener-      the multivibrator 100 on the line 88 to deenergize gized with
the appropriate control signal from the     all of the coils 14A-E for the
predetermined microprocessor 28 on the line 22A. In response,   30
period. full non-pulsed power is applied to the motors 70,       Likewise,
should two of the contactor coils 70' through the bypass contacts 12A-1,
12A-2 to        14A-E which are connected to the same shunt operate the
vehicle 120 at maximum speed, and,        resistor 94, 94' be energized,
for example the in the block 228, the microprocessor 28 ceases to
direction contactor coil 14B and the bypass con- output pulse trains on the
line 66, 66'. Control is   35   tactor coil 14A, and should an additional
contac- then transferred back to the block 204 for the next   tor coil
14A-E, for example, the direction contac- program iteration.
tor coil 14C, become energized, the means 84 Fig. 4 shows an overall
vehicle control system      again functions as previously described to pre-
10forthevehicle 120, forexample,an electricfork       vent the undesirable
energization of the ad- lift truck, having a left drive wheel 104 and a
right   40    ditional coil 14A-E. drive wheel 104'. The drive motor 70
rotates the        In summary, the present invention protects a drive wheel
104 through a shaft 106 and the drive     contactor coil and a
corresponding coil driver motor 70' rotates the drive wheel 104' through a
against damage due to a short circuit by deener- shaft 1.06'. The means 18
controls the energiza-      gizing the contactor coil in the event of a
short tion and deenergization of the drive motors 70,   45   circuit.
Furthermore, the means 84 constitutes a 70' as well as the lift motor (not
shown), in the     convenient and reliable way of protecting a plu- manner
previously described, and in response to       rality of coils and
corresponding driver transistors the position or state of the line
contactor switch    used in one overall system against a short-circuit 30,
lift switch 34, directional control switch 38,    condition, and of
limiting the number of concur- 



and accelerator pedal 60. Also shown is a steering    50   rently energized
coils to a preselected maximum wheel 108 and a steerable wheel 110, conven-
number. tionally used in 3-wheeled vehicles, which control the steering of
the vehicle 120.                      Claims A vehicle operator typically
first closes the line contactor switch 30 and energizes the contact   55
1. Apparatus (10) for controlling the operation 12E-1. The operator then
selects forward or re-       of a plurality of contactors (12A-E), each
having verse drive by switching the directional control     an associated
coil (14A-E) and coil driver switch 38 into the forward position F or
reverse      (16A-E), comprising: position R. In response, the respective
directional     means (18) for selectively supplying respective contactor
coil 148, 14C is energized to change the    60   control signals to each of
the coil drivers state of the contacts 12B-1 through 12B-4 or the
(16A-E); and means (84, 99, 89) for limiting the contacts 12C-1 through
12C-4, energizing the          number of concurrently energised coils to a
pre- motors 70, 70' to move the vehicle 120 in the         selected
maximum, characterized by selected forward or reverse direction.
monitoring means (84, 99) for sensing the total Next, the operator
depresses the accelerator    65   current flowing through the coils (14A-E)
and 6    9                    0  130 184                        10 In
either event, in the block 212 the micro-          pedal 60 to any desired
command speed position. processor 28 next inputs the information received
As a result, the controllable means 78, 78' are on the lines 46, 54 in
response to the direction        pulsed "on" and "off" and couple power to
the switch 38 position. In the block 214 the direction      motors 70, 70'.
Depressing the accelerator pedal contactor coils 148, 14C are selectively
energized  5    60 to the full speed position causes the bypass for vehicle
120 operation in the direction selected     contactor coil 14A to be
energized, closing the by the direction switch 38.
bypass contacts 12A-1, 12A-2 and supplying full iformation received on the
line 58 relating to       power to the motors 70, 70'. the accelerator
pedal 60 position or speed de-           Finally, closing the lift switch
34 results in the mand is next input by the microprocessor 28 in   10
microprocessor 28 energizing the lift contactor the block 216. If the
maximum speed demand              coil 14D and ultimately causes the
lifting of a accelerator pedal 60 position is not detected in the    device
such as a fork lift assembly (not shown). block 218, program control passes
to the block            At any time during the operation of the control
220. In the block 220 the bypass contactor coil 1 4A   system 10, should a
short circuit occur in one or is deenergized with the appropriate control
signal    is    more of the coils 14A-E, the means 84 functions from  the.
microprocessor 28 on the line 22A.           as previously described to
protect the coils Finally, in the block 222, the microprocessor 28
14A-E and coil drivers 16A-E from  further determines, in a conventional
manner, either by         damage due to excessive current flow. Thus, if a
calculation or from  a look-up table stored in          short circuit
occurs involving the line contactor memory, appropriate pulse train
waveforms to    20    coil 14E or the lift coil 14D, the transistor 96 is
output on the lines 66, 66' to operate the vehicle      biased "on" to
generate the logic 0 trigger signal 120 at the speed demanded by the
accelerator            on the line 102, or, if a short circuit occurs pedal
60 position. Control is then transferred back     involving the directional
contactor coil 14C, the to the block 204 for the next program iteration.
directional contactor coil 14B or the bypass con- If the maximum  speed
demand accelerator    25   tactor coil 14A, the transistor 96' is biased
"on" to pedal 60 position is detected in the block 218,         generate
the logic 0 trigger signal on the line 102. program control passes to the
block 226. In the         Consequently, the logic 1 signal is generated by
block 226 the bypass contactor coil 14A is ener-       the multivibrator
100 on the line 88 to deenergize gized with the appropriate control signal
from the      all of the coils 14A-E for the predetermined microprocessor
28 on the line 22A. In response,    30    period. full non-pulsed power is
applied to the motors 70,        Likewise, should two of the contactor
coils 70' through the bypass contacts 12A-1, 12A-2 to         14A-E which
are connected to the same shunt operate the vehicle 120 at maximum speed,
and,          resistor 94, 94' be energized, for example the in the block
228, the microprocessor 28 ceases to       direction contactor coil 148 and
the bypass con- output pulse trains on the line 66, 66'. Control is   35
tactor coil 14A, and should an additional contac- then transferred back to
the block 204 for the next    tor coil 14A-E, for example, the direction
contac- program iteration.                                      tor coil
14C, become energized, the means 84 Fig. 4 shows an overall vehicle control
system        again functions as previously described to pre-
10forthevehicle 120,forexample,an electricfork         vent the undesirable
energization of the ad- lift truck, having a left drive wheel 104 and a
right    40    ditional coil 14A-E. drive wheel 104'. The drive motor 70
rotates the          In summary, the present invention protects a drive
wheel 104 through a shaft 106 and the drive       contactor coil and a
corresponding coil driver motor 70' rotates the drive wheel 104' through a
against damage due to a short circuit by deener- shaft 1.06'. The means 18
controls the energiza-        gizing the contactor coil in the event of a
short tion and deenergization of the drive motors 70,    45    circuit.
Furthermore, the means 84 constitutes a 



70' as well as the lift motor (not shown), in the       convenient and
reliable way of protecting a plu- manner previously described, and in
response to         rality of coils and corresponding driver transistors
the position or state of the line contactor switch      used in one overall
system against a short-circuit 30, lift switch 34, directional control
switch 38,      condition, and of limiting the number of concur- and
accelerator pedal 60. Also shown is a steering    50   rently energized
coils to a preselected maximum wheel 108 and a steerable wheel 110, conven-
number. tionally used in 3-wheeled vehicles, which control the steering of
the vehicle 120.                       Claims A vehicle operator typically
first closes the line contactor switch 30 and energizes the contact   55
1. Apparatus (10) for controlling the operation 12E-1. The operator then
selects forward or re-        of a plurality of contactors (12A-E), each
having verse drive by switching  the directional control       an
associated  coil (14A-E) and coil driver switch 38 into the forward
position F or reverse       (16A-E), comprising: position R. In response,
the respective directional      means (18) for selectively supplying
respective contactor coil 14B, 14C is energized to change the    60
control signals to each  of the coil drivers state of the contacts 12B-1
through 12B-4 or the        (16A-E); and means (84, 99, 89) for limiting
the contacts 12C-1 through 12C-4, energizing the            number of
concurrently energised coils to a pre- motors 70, 70' to move the vehicle
120 in the          selected maximum, characterized by selected forward or
reverse direction.                    monitoring means (84, 99) for sensing
the total Next, the operator depresses the accelerator    65    current
flowing through the coils (14A-E) and 6    11                  0 130  184
12 supplying a blocking signal in response to the      Durchgang der
Steuersignale zu den entspr magnitude of the total current exceeding a pre-
chenden Spulentreibern (16A-E) im Falle des selected value which is such
that the number of     Nichtvorhandenseins des Blockiersignals gestat-
coils that can be concurrently energised is limited  tet ist und wobei
jedes der Steuersignale von den to a preselected maximum; and
5   entsprechenden Spulentreibern (16A-E) beim limiting means (89) for
receiving the control     Empfang des Blockiersignals blockiert wird.
signals and the blocking signal, allowing the         2. Vorrichtung (10)
nach Anspruch 1, wobei das control signals to pass to respective coil
drivers  Blockiersignal ein Impuls ist mit einer vorgewahl- (16A-E) in the
absence of the blocking signal and   ten Zeitdauer erzeugt durch Mittel
(99) ausgelost blocking each of the control signals from the   10  durch
den den vorgewahlten Wert ubersteigen- respective coil drivers (16A-E) on
receipt of the   den Gesamtstrom. blocking signal.
3. Vorrichtung (10) nach Anspruch 1 oder 2, 2. Apparatus (10), as set forth
in claim  1,      wobei die  Uberwachungsmittel  (84) einen wherein the
blocking signal is a pulse having a     Stromshunt (94, 94') aufweisen, und
zwar ge- preselected time duration generated by means    15  schaltet zum
Empfang des Gesamtstroms, der (99) triggered by said total current
exceeding said  durch die Spulen (14A-E) und die entsprechen- preselected
value.                                  den Spulentreiber (16A-E) fliefit.
3. Apparatus (10), as set forth in claim 1 or claim  4. Vorrichtung (10)
nach einem der Anspruche 1 2, wherein the monitoring means (84) includes a
bis 3, wobei die Begrenzungsmittel (89) eine current shunt (94, 94')
connected to receive the  20  Vielzahl von Logikgattern (86A-E) aufweisen,
total current flowing through the coils .(14A-E)    deren jedes einen
ersten Eingang geschaltet zum and respective coil drivers (16A-E).
Empfang des Blockiersignals, einen zweiten Ein- 4. Apparatus (10), as set
forth in any of claims 1  gang geschaltet zum Empfang der entsprechen- to
3, wherein the limiting means (89) includes a    den Steuersignale und
einen Ausgang geschaltet plurality of logic gates (86A-E), each having a
25  zur Lieferung der Steuersignale an die entspre- first input connected
to receive the blocking       chenden Spulentreiber (16A-E) aufweist.
signal, a second input connected to receive           5. Verfahren zur
Begrenzung der Erregung einer respective control signals, and an output
con-      Vielzahl von Kontaktvorrichtungsspulen (14A-E) nected to deliver
the control signals to respective  auf eine vorgewahite Zahl,
gekennzeichnet, durch coil drivers (16A-E).                          30
Abfuhlen  des durch  Vielzahl der Spulen 5. A method for limiting the
energization of a    (14A-E) fliellenden Gesamtstroms, plurality of
contactor coils (14A-E) to a pre-        Erzeugung eines Triggersignals
infolge des selected number, characterized by:                  einen
vorgewahilten Wert Obersteigenden Ge- sensing the total current flowing
through the     samtstroms, plurality of coils (14A-E);
35    Erzeugung eines Blockiersignals infolge des generating a triggering
signal in response to     Empfangs des Triggersignals, wobei das Blockier-
the total current exceeding a preselected value;    signal eine vorgewahlte
Zeitdauer besitzt, und generating a blocking signal in response to
Blockierung der Erregung jeder Spule (14A-E) receipt of the triggering
signal, the blocking signal  infolge des Empfangs des Blockiersignals.
having a preselected time duration; and         40 blocking the
energization of each coil (14A-E)    Revendications 



in response to receipt of the blocking signal. 1. Appareil (10) pour
commander le fonctionne- Patentanspruiche
ment de plusieurs contacteurs (12A-E) ayant 45  chacun une bobine (14A-E)
et un circuit d'atta- 1. Vorrichtung (10) zur Steuerung der Arbeits-    que
de bobine (16A-E) associees, comprenant: weise einer Vielzahl von
Kontaktvorrichtungen (12A-E), wobei jede eine zugeh6rige Spule           -
un moyen (18) pour fournir selectivement des (14A-E) und Spulentreiber
(16A-E) aufweist,            signaux de commande respectifs A chacun des
wobei folgendes vorgesehen ist:                so    circuits d'attaque de
bobine (16A-E); et des Mittel (18) zur selektiven Lieferung entspre-
moyens (84, 99, 89) pour limiter le nombre des chender Steuersignale an
jeden der Spulentreiber       bobines excitees concurrement a un maximum
(16A-E) und Mittel (84, 99, 89) zur Begrenzung         preselectionne,
caracterise par: der Anzahl von gleichzeitig erregten Spulen auf
-des'moyens de contr6le (84, 99) pour dbtecter ein  vorgewghltes Maximum,
gekennzeichnet   s5    le courant total circulant dans les bobines durch
Uberwachungsmittel (84,99) zum Abfuhlen         (14A-E) et delivrer un
signal d'arret en des  Gesamtstroms, der durch  die  Spulen
rbponse au d6passement par l'amplitude du (14A-E) fliet, und Lieferung
eines Blockiersi-       courant total, d'une valeur pr6selectionnbe qui
gnals infolge der einen vorgewihiten Wert Ober-       est telle que le
nombre des bobines. qui peu- steigenden Grol3e des Gesamtstroms, wobei die-
60    vent btre excitees concurrement, soit limite A ser Wert derart
vorgesehen ist, daR die Anzahl der    un maximum presblectionnb; et Spulen,
die gleichzeitig erregt werden kann, auf    -un moyen de limitation (89)
destinb A recevoir ein vorgewihItes Maximum begrenzt ist, und
les signaux de commande et le signal d'arret, a Bebrenzungsmittel (89) zum
Empfang der Steu-         permettre aux signaux de commande de pas-
ersignale und des Blockiersignals, wobei der    65    ser dans les circuits
d'attaque de bobine 7    13                   0  130  184
14 (16A-E) respectifs en l'absence du signal d'ar-     connectee de maniere
a recevoir le signal d'arret, ret et A arreter chacun des signaux de corn-
une seconde entree connectee de maniere a mande delivres par les circuits
d'attaque de        recevoir les signaux de commande respectifs, et bobine
(16A-E) respectifs a reception du si-        une sortie connectee de
maniere A delivrer les gnal d'arret.                                  5
signaux de commande aux circuits d'attaque de bobine (18A-E) respectifs. 2.
Appareil (10) selon la revendication 1, dans       5. Procede pour limiter
lexcitation de plusieurs lequel le signal d'arret est une impulsion ayant
bobines (14A-E) de contacteurs a un nombre une duree preselectionnee, qui
est generee par le     preselectionne, caracterise par: moyen (99)
declenche par le depassement de        10 ladite valeur preselectionnee par
ledit courant       - la detection du courant total circulant dans total.
.'ensemble des bobines (14A-E); 3. Appareil (10) selon la revendication 1
ou la     - la generation d'un signal de declenchement en revendication 2,
dans lequel le moyen de contr6le        reponse au depassement d'une valeur
prese- (84) comprend un shunt de courant (94, 94')    15    lectionn6e par
le courant total; connecte de maniere A recevoir le courant total       -
la generation d'un signal d'arret en reponse a circulant dans les bobines
(14A-E) et les circuits      la reception du signal de declenchement, le
d'attaque de bobine (16A-E) respectfs.                   signal
d'arretayantunedureepreselectionn6e; 4. Appareil (10) selon l'unhe
quelconque des           et revendications 1 a 3, dans lequel le moyen de
20  - i'arret de  l'excitation  de  chaque  bobine limitation (89) comprend
plusieurs portes logi-         (14A-E) en reponse A la reception du signal
ques (86A-E) ayant chacune une premiAre entree           d'arret. 25 30 35
40 45 50 55 60 65 8    


