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period; switching means for receiving the second and third signals and
disconnecting the motor The present invention relates generally to a
from the power supply in response to receiving protection device for an
electric motor control     the second or third logic signal; and, means for
and, more particularly, to an apparatus for detect-    5    disabling the
safety means in response to the ing a short circuit failure of a system
component.  accelerator being positioned at a preselected A wide variety of
systems have control circuits   location. for controlling the supply of
power to a device       The present invention, embodying integrated such as
a drive motor which drives an electric      circuit technology, is highly
reliable, fast, durable, vehicle. Typically, each control circuit has many
10   and cost-effective. components that can fail for any number of
One example of apparatus according to the reasons, resulting in potential
damage to other     present invention will now be described with circuit
components, to the overall control circuit,  reference to the accompanying
drawings, in and to the controlled device, as well as other      which:
harmful effects. For example, a power switching    15  Figure 1 is a block
diagram of the apparatus; component such as a power transistor can fail
Figure 2 is a schematic illustration of an overall short-circuit, causing
excessive power to be sup-   motor  control  system   incorporating  the
plied to the drive motor. In addition to damaging   apparatus; the drive
motor and other components, the exces-      Figure 3 is a flowchart used to
explain the sive power supplied to the drive motor can cause   20
software of the apparatus and, loss of vehicle speed control.
Figure 4 is a schematized top view of an electric EP-A-0 036 744 describes
an apparatus for         vehicle incorporating the motor control system
controlling the speed of an electric motor with a   apparatus. power source
which delivers energy to a motor         Fig. 1 illustrates an apparatus 10
for controlling through controllable means for connecting and   25   the
speed of an electric motor 14. The apparatus disconnecting the motor to and
from the power       10 includes a power source 12, a means 30 for source
in response to a pulse train derived from a  producing a variable frequency
and variable duty control circuit comprising a programmable data      cycle
pulse train, and a controllable means 16 for processing means, which pulse
train may have in     connecting and disconnecting the motor 14 to a well
known manner, a variable frequency and a   30   and from the power source
12 in response to the variable duty cycle. A line contactor serves as a
pulse train. switching means for disconnecting the motor           The
apparatus 10 also includes a converting from the power supply in response
to receiving a    means 22 for delivering a first logic signal over a logic
signal outputted from the control circuitry in  line 24 in response to a
voltage being applied to dependence on a voltage derived from the motor
35   the motor 14. A programmable data processing - supply circuit during
only the low periods of the   means 30 monitors the first logic signal
during pulse train. A voltage sensor senses the voltage    only the low
periods of the pulse train and across the main thyristor, and disconnection
of     produces a second logic signal in response to the the motor is
effected, if, during the low periods of  first logic signal being greater
than a preselected the pulse train, the voltage does not rise above a   40
high logic level. Additionally, a switching means predetermined level.
26 is provided for disconnecting the motor 14 The present invention is
directed to overcoming   from the power supply 12 in response to receiving
problems with electric drive vehicle failure which  the second logic
signal. results in a runaway condition resulting either       A safety
means 17 is provided for producing a from a short-circuited power
transistor or from    45   third logic signal in response to the motor 14
and failure of a software driven microprocessor con-    the power supply 12
being connected for a time trol.
greater than a preselected period. The means 17 According to the present
invention apparatus      delivers the third signal to the switching means
26 for controlling the speed of an electric motor      for disconnecting
the motor 14 from the power includes a power source; means for producing a
50   supply 12 in response to receiving the third logic variable frequency
and variable duty cycle pulse    signal. train in response to the position
of an accelerator   The safety means 17 is an independent failsafe pedal;
controllable means for connecting and        measure to insure that the
power supply 12 is disconnecting the motor to and from the power
disconnected from the motor 14 in the event that source in response to the
pulse train; converting   55   the data processing means 30 fails. means
for producing a first logic signal in           Fig. 2 shows an overall
motor control system 34 response to a voltage being applied to the motor;
having the apparatus 10. The power source 12 is, programmable  data
processing  means for           for example, a battery 36 which supplies
power to monitoring the first logic signal during only the   the motor 14
as well as, for example, to another low periods of the pulse train and
producing a   60   similar motor 14'. The motor 14 has an armature second
logic signal in response to the first logic  38 and a field winding 40,
while the motor 14' has signal being greater than a preselected logically
an armature 38' and a field winding 40'. high level; safety means for
producing a third        The controllable means 16 has a power coup- logic
signal in response to receiving the first logic  ling switch 20 which
includes a power transistor 



signal for a time greater than a preselected   65   42 that is connectable
in series with the motor 14. 2    3                   0  130 981
4 power coupling switch 20, and hence the        ducing each "logic 0" on
the line 18 and continues power transistor 42, is turned "on" and "off" in
with normal operation as long as a "logic 0" is response to the pulse train
on the line 18. A       detected on the line 24 at the time it is polled. A
contactor 149 is provided for bypassing the con-    similar operation
occurs for the converting means trollable means 16. In the event that full
power is    5    22' in conjunction with sensing a short circuit requested.
the data processor means 30 energizes    condition of the transistor 42'. a
contactor coil (not shown), closes the normally     The safety means 17 for
controlling the switch- open bypass contactor 149 and effectively con-
ing means 26 includes a control switch 168, such nects the motor 14 to the
power source 12. A        as a silicon controlled rectifier 170, with an
output similar controllable means 16', power coupling    10   being taken
on the line 35 via a junction 171. switch 20' and power transistor 42' are
turned      When the SCR 170 is "off", a voltage +V produces "on" and "off"
in response to a pulse train on a    the "logic 1" on the line 35 via a
resistor 172 and similar line 18' to couple power to the motor 14'.
junction 171 to enable the AND gate 33. When the The controllable means 16'
may also be bypassed      SCR 170 is triggered "on", the line 35 goes to a
by a contactor 149'.                          15   "logic 0" to disable the
AND gate 33. The switching means 26 includes a contactor          The means
17 includes a means 174 for control- coil 44 which controls a normally open
line         ling the triggering of the control switch 168. The contact
44-1 that, when closed, couples line         controlling means 174 has an
inverter 176 whose power from battery 36 to motor 14 and motor 14'.
inputs 178 are connected to the transistor 42 via a A driver circuit 46 of
line contactor means 26   20   line 142. The output of the inverter 176 is
pro- includes an AND gate 33 whose output on a line       duced on a line
180 to charge a capacitor 182 via a 31 turns "on" or "off" a driver
transistor 48. The   resistor 184. A diode 186 is coupled across the AND
gate 33 has one input connected to the line     resistor 184 to quickly
discharge the capacitor 182 32 and another input connected to the line 35.
through the gate 176. A NOR gate 188 has one When the input on the line 32
and the input on the    25   input connected to a line 190 which carries a
line 35 are "logic 1", the output on the line 31 is  "logic 1" or "logic 0"
depending on the voltage of "logic 1" to turn "on" transistor 48. Con-
the capacitor 182. The output of the NOR gate 188 sequently, contactor coil
44 is energized to close   is produced on a line 192 which is connected via
a line contact 44-1. When either input to the AND      junction 194 to one
input of a NOR gate 196. The gate 33 is "logic 0", the output on the line
31 is   30    output of the NOR gate 196 is produced on a line "logic 0"
which turns "off" the transistor 48. The   198 to charge a capacitor 200
via a diode 202 and contactor coil 44 is thus deenergized and the line   a
voltage divider 204. When the capacitor 200 is contact 44-1 opens.
charged to a predetermined level, a "logic 1" is The converting means 22
includes a conductor       produced on a line 206 to trigger the SCR 170 50
which is coupled to one side of the power   35    on transistor 42, e.g.,
to the emitter, as shown. The     If the capacitor 182 is charged to a
voltage conductor 50 delivers the voltage signal present     represented by
a "logic 1" that is produced on the at the emitter of the power transistor
42 to a       line 190, the NOR gate 188 will then produce a converting
means 22. For example, when the           "logic 0" on the line 192. The
NOR gate 196 then power transistor 42 is turned "on" the emitter   40
produces a "logic 1" on the line 198 that results in voltage signal is
approximately battery voltage      the capacitor 200 being charged to a
"logic 1" and when the transistor 42 is turned "off' the       which
triggers the SCR 170 "on". If the capacitor emitter is grounded. The
converting means 22         182 is not charged to the "logic 1", as can be
seen delivers a "logic 1" via the line 24 to the data     from the path
including the line 192, the NOR gate processing means 30 in response to
detecting    45   196, the line 198 and the capacitor 200 that the battery
voltage at the emitter of the transistor 42,  SCR 170 will not be so
triggered "on". and a "logic 0" is delivered when the emitter is      A
relationship exists between the RC time grounded. The converting means 22
can consist        constant of the resistor 184 and the capacitor 182 of
any number of analog to digital converters well   and the pulse duration of
the pulses of the pulse known in the art, the simplest of which is a   50
train on line 18. These pulses are such that their voltage divider network
consisting of a pair of      maximum duration is less than the time
required resistors 56, 58.                                    to charge the
capacitor 182 to a "logic 1". For The digital signals delivered by the
converting    example, the maximum duration of a pulse is means 22
correspond to the pulse train produced      approximately 12 milliseconds,
while the charge by the data processing means 30 to control the   55   time
is approximately 50 milliseconds. Therefore, transistor 42. To check for a
short circuit of the   in operation, if the switch 10 has not failed short-
transistor 42, the data processing means 30 polls    circuit, the maximum
"on" time will be 12 the line 24 after producing a low pulse on the line
milliseconds. During this "on" time, a "logic 0" is 18. If a "logic 1" is
present on the line 24, the   produced on the line 142 that is inverted by
the 



means 30 outputs a logic signal on the line 32 to   60   inverter 176 onto
the line 180 to charge the turn "off" the transistor 48 and deenergize the
capacitor 182. At the end of this 12 millisecond line contactor coil 44. In
response, the line contac-  duration, the switch 20 is turned "off", the
line tor 44-1 opens, and prevents any power from          142 goes to
"logic 1" and the line 180 to "logic 0". being supplied to the motors 14,
14'. The data      The capacitor 182 rapidly discharges via the diode
processing means 30 polls the line 24 after pro-   65   186 and the
inverter 176 to ground. 3    5                  0 130 981
6 If,however,theswitch20hasfailedshort-circuit,    has one input connected
to the line 104-3 and it will remain "on" for a duration longer than 50
another input connected to the output of an milliseconds. Consequently, the
capacitor 182 will  inverter 222 via a line 224, whose input is con- be
charged to a "logic 1", ultimately resulting in  nected to the line 104-4.
An AND gate 226 has one the SCR 170 being triggered "on", as previously
5    input connected to the output of the NOR gate 218 described.
via a line 228 and another input connected over a Similarly, the means 17
includes a line 142',    line 230 to the output of the NOR gate 220. The
inverter 176', inputs 178', capacitor 182', resistor  output of the gate
226 is produced on a line 232 to 184', diode 186' and line 190' to detect
the short-  chargeacapacitor234viaaresistor236.Aline238, circuit condition
of the switch 20'. Thus, the NOR    to   which is the other input to the
NOR gate 196 is at gate 188 will be enabled by the "logic 1 " on the line
"logic 1 " or "logic 0" depending on the charged or 190' ultimately to
trigger the SCR 170 "on" in the  discharged state of the capacitor 234.
event the switch 20' fails short-circuit.           In the operation of the
means 216, if the system Prior to motor start-up, the line contactor coil
44  is in the bypass mode, the digital number 1000 is should be deenergized
and the line contact 44-1    15   being generated on lines 104-4 to 104-1,
respec- should be opened. Atthis time, line contact switch  tively, and the
bypass contactor 149 and the 62 should be opened so that means 128 is
bypass contactor 149' will be closed. Therefore, producing a "logic 0" on
line 130. However, when   the capacitor 182 and the capacitor 182' will
have the switch 62 is first closed at start-up, faulty  time, i.e., 50
milliseconds, to be charged to a "logic signals in the means 174 can result
in the SCR 170   20   1", that otherwise would cause the SCR 170 to be
being triggered "on" to prevent energization of the  triggered "on".
However, all the inputs to the gate contactor coil 44 and the supply of
line power via  218 and the gate 220 will be "logic 0" so that the
thecontact 44-1.Toensureatstart-upthatfaulty       line 228 and the line
230 will be at "logic 1". signals do not affect the energization of the
Consequently, the gate 226 is enabled to charge contactor coil 44, the
means 17 further includes   25
thecapacitor234toa"logic1",sothattheline238 means207 for inhibiting the
means 174during this  is at "logic 1", the output of the NOR gate 196 is
start-up condition. An inverter 208 of the means   forced to a "logic 0"
and the SCR 170 is prevented 207 has inputs connected to the line 130 via a
from being triggered "on". Consequently, the junction 210 and an output
connected over a line   AND gate 33 remains enabled during the bypass 212
and via a diode 214 to the junction 194 as an   30   mode to maintain
contactor coil 44 energized and input of the NOR gate 196. Thus, a "logic
0" on the  line contact 44-1 closed. line 130 is inverted bythe inverter
208to a "logic 1"  For any other command speed less than full which
iscoupledvia thediode 214andthejunction      speed, the digital number on
the lines 104-1 to 194 to the NOR gate 196, forcing its output to a   104-4
will be such that the AND gate 226 will be "logic 0". Therefore, the
capacitor 200 is at "logic   35   disabled, resulting in a "logic 0" on the
line 238 at 0" to prevent the triggering "on" of the SCR 170.  the other
input to the gate 196. Therefore, the NOR Thereafter, when the line
contactor switch 62 is   gate 196 will gate the logic signal on the line
192 to closed, resulting in a "logic 1" on the line 130, the  charge or
discharge the capacitor 200, as pre- inverter 208 produces a "logic 0" to
permit the    viously described. NOR gate 196 to follow the logic signal on
the line   40  As an added safety feature, operation of the 192. Thus, the
means 174 is inhibited from trigger-  vehicle 112 is not permitted until a
seat switch 65 is ing the SCR 170 in response to a "logic 0" on the
closed. Closure of the seat switch 65 is initiated by line 130 and is
enabled to trigger the SCR 170 in  the presence of an operator properly
seated in the response to a "logic 1" on the line 130.           vehicle
112. Under software control, the micro- Another condition during which the
SCR 170   45   processor 60 receives a logic signal from the seat should
not be triggered "on" is the bypass mode.   switch 65 over the line 64 and
responds by At this time, means 102 will be generating the bit  producing a
logic signal on the line 32 to turn "on" pattern 1000 on line 104,
representing maximum    the transistor48 and energize the contactor coil 44
command speed resulting in the microprocessor     to close the line contact
44-1. Additionally, if at 60 energizing the bypass contactor coil (not   50
any time the seat switch 65 opens, the micro- shown) to close the bypass
contact 149 and the     processor60will delayforaspecified period (i.e., 1
bypass contact 149'. Consequently, the capacitor   second) and then
discontinue pulsing the motors 182 and the capacitor 182' will be charged
to a    14,14'.The entire starting procedure must then be "logic 1" which
otherwise would result in the SCR  repeated to initiate operation. If the
seat switch 65 



170 being triggered "on". To prevent such trigger-   55   closes during the
specified period, then normal ing of the SCR 170 and to maintain the bypass
operation of the control system 34 continues, mode, the means 17 further
includes means 216      Whenever the above-mentioned short circuit con- for
inhibiting the means 174 in response to the    dition occurs, the
microprocessor 60 responds to motor speed command data representing maxi-
the "logic 1" on the line 24 or the line 24', mum speed and for enabling
the means 174 in   60   irrespective of the "logic 1" on the line 64, to
response to the motor speed command data           produce the logic signal
on the line 32 that turns representing less than maximum  speed. The
"off" the transistor 48 and ultimately causes the means 216 includes a NOR
gate 218 having one       opening of the line contact 44-1. input connected
to the line 104-1 and another       The control system 34 includes a means
66 for input connected to the line 104-2.A NOR gate 220    65   controlling
the direction of energization of the 4    7                   0  130 981
8                   1 motors 14,14'. The means 66 includes a contactor
Similarly, with the directional control switc coil 68 which controls the
open-closed state of a    switched to the reverse position "R", the micro-
pair of normally closed reverse contacts 68-1,       processor 60, under
software control, responds to 68-2 and a pair of normally open forward con-
the "logic 1" on the line 100 by producing a tacts 68-3, 68-4 which are
connected across the    5    control signal on the line 82 to turn the
transistor armature 38, as shown. A driver circuit 70, having   80 "on".
The contactor coil 76 becomes energized a driver transistor 72 which is
biased "on" or       and changes the state of contacts 76-1 through "off"
in response to a control signal on a line 74   76-4 from that shown, while
contacts 68-1 outputted by the microprocessor 60, controls the    through
68-4 remain in their normal state energization and deenergization of the
coil 68. A    10   shown. As can be appreciated, the motors 14, 14'
contactor coil 76 controls the open-closed state of  are energized in the
same, i.e., reverse direction. a pair of normally open reverse contacts
76-1,         Also shown in Fig. 2 is a means 102 for 76-2 and a pair of
normally closed forward           generating motor speed command data,
speci- contacts 76-3, 76-4 connected across the arma-       fically digital
numbers, on an output line 104. For ture 38', as shown. A driver circuit
78, having a    15   example, the data produced by the generating driver
transistor 80 which is biased "on" or "of"    means 102 on the line 104 is
4-bit digital numbers in response to a control signal on a line 82
ranging from 0000 to 1111. Each digital number in outputted by the
microprocessor 60, controls the     the range 0000-1111  represents a
different energization and deenergization of the coil 76.      motor speed
command datum. For example, The means 66 also includes a directional con-
20    number 0000 representszero speed, number 1000 trol switch 84 having a
forward position "F", a      represents  half speed, and  number  1111
neutral position "N", and a reverse position "R".    represents full or
maximum speed. The range of When the switch 84 is in the neutral position
"N",   digital numbers from 0000 to 1111 in the binary a capacitor 86 is
charged through a resistor 88      coded digital format (BCD) is used only
for con- from +V to a logic 1, so that the output of an   25   venient
illustration and could, of course, be any inverter 90 on a line 92 is a
logic 0, and a capacitor  suitably coded binary representation having a 94
is charged through a resistor 96 from +V, so      number of bits consistent
with the desired preci- that the output of an inverter 98 on a line 100 is
sion, for example, a gray code. logic 0.
As one example, the generating means 102 is When the directional control
switch 84 is   30   coupled to an accelerator pedal 106. The generat-
switched to forward position "F", the capacitor 86  ing means 102 includes
an accelerator box or is discharged through the resistor 88 and the
transducer and signal conditioning circuit 110 for switch 84 to a "logic
0". In response, the output of  converting position information of the
accelerator the inverter 90 on the line 92 is logic 1,           pedal 106
to any one of the digital numbers representing the forward direction. When
the    35   0000-1111 on the line 104. directional control switch 84 is
switched to the       In operation, as the accelerator pedal 106 is reverse
position "R", the capacitor 94 is dis-       released and depressed between
the zero speed charged through the resistor 96 and the switch 84,   and
full speed positions, the generating means so that the output on the line
100 from the inverter  102 responds by producing the corresponding 98 is
logic 1, representing the reverse direction.   40   digital number on the
line 104 in the range The logic signals on the lines 92, 100 are direc-
0000-1111. The microprocessor 60, under soft- tional command signals.
ware control, responds by producing corre- In the operation of the
directional control        sponding pulse trains on the lines 18, 18' for
means 66, with the directional control switch 84 in  pulsing "on" and "off"
the controllable means 16, the forward position "F", the microprocessor 60,
45   16' to energize the motors 14, 14' in the direction under software
control, responds to the "logic 1"    called for by the directional control
switch 84. In on the line 92 by producing a control signal on the  the
present example, since there are sixteen line 74 to turn the transistor 72
"on". A path is    digital numbers or command speeds in the range thus
closed from +V through the coil 68 and the      0000-1111, there are
sixteen different pulse 



transistor 72 to ground, thereby energizing the   so   trains that can be
produced by the micro- coil 68 and changing the state of the contacts
processor 60 on the lines 18, 18'. These sixteen 68-1 through 68-4 from
that shown. Assuming          different pulse trains can  be different, for
that the line contact 44-1 is closed, current flows  example, in frequency,
with higher frequency from the positive side of the battery 36 through
pulse trains corresponding to higher motor the contact 44-1, closed forward
contact 68-3,   55   speeds, and/or different in pulse duration or width
armature 38, closed forward contact 68-4, field     with wider pulses
corresponding to higher motor winding 40 and power transistor 42 to the
nega-     speeds. tive side of the battery 36. Current also flows from
Fig. 3 is a flowchart of a computer program the positive side of the
battery 36 through the      suitable for controlling the apparatus 10. Only
the contact 44-1, transistor 42', normally closed   60   software routines
required to implement the forward contact 76-3, armature 38', normally
present invention are described herein. Sufficient closed forward contact
76-4, and field winding      detail is presented to allow one skilled in
com- 40' to the negative side of the battery 36. Thus,   puter programming
to write the required program the motors 14, 14' are energized in the same,
i.e.,  to implement the flowchart for any common forward direction.
65    microprocessor, for example, a microprocessor 5    9
0  130 981                       10 produced by MOSTEK Corporation of
Carrollton,         so as to close seat switch 65, the microprocessor Texas
and designated by the part number 3870.         60 produces the control
signal on the line 32 to Upon beginning the flowchart of Fig. 4 at the
energize the contactor coil 44 and close line block 300 labeled START,
program control prog-        contact 44  1. Then, the vehicle operator
places resses through the following sequence:          5    the directional
control switch 84 in the forward or In the block 302 the program routine
begins         reverse position, resulting in the microprocessor with the
line contactor 44-1 open in response to      60 producing the control
signal on the line 74 or a control signal from the microprocessor 60 on
the line 82 to energize the coil 68 or the coil 76 for the line 32.
Subsequently, in the block 304, the      forward drive or reverse drive.
Then, the vehicle status of the switch 65 is determined. If the switch
10   operator depresses the accelerator pedal 106 to a 65 is open,
indicating that the vehicle 112 is not to  command speed position,
resulting in the micro- be operated, the program loops back to the block
processor 60 producing the corresponding pulse 302. This loop continues
until the switch 65         train on the lines 18,18' to energize motors
14,14' closes, at which time the program proceeds to the    in the forward
or reverse direction at the com- block 308, and closes the line contactor
44-1 with   15    manded speed. a proper control signal from the
microprocessor        ShouJd the transistor 42 or the transistor 42' fail
60 on the line 32.                                   short-circuit at any
time, loss of speed control can Next, in the block 309, the lines 24, 24'
are       occur. The means 22 or the means 22'will deliver checked to
determine if a shorted drive transistor    a "logic 1" signal via the line
24 or the line 24', 42, 42' condition exists. If the shorted condition is
20   respectively, to the microprocessor 60. The micro- detected, the
program proceeds to the block 310       processor 60 will respond to the
presence of the where the line contactor 44-1 is opened. The
"logic 1" signal on the line 24 or the line 24' by program then stops at
the END block 311 with the     producing another control signal on the line
32 to apparatus 10 disabled until the short circuit condi-  turn "off" the
transistor 48 and deenergize the tion is repaired and the program restarted
at the    25   line contactor coil 44. In response, the line contact block
300.                                            44-1 is opened to decouple
the supply of power If the short circuit condition is not detected in  to
the motors 14, 14' and prevent loss of speed the block 309, program
control passes to the         control as well as any damage or other
harmful blocks 312-318 for operation of the motors 14,       effects to the
other circuit components. 14'. In the block 312 the microprocessor60 inputs
30  In summary, the present invention can, for the information received on
the lines 92, 100 in     example, prevent a loss of speed control by
response to the direction switch 84 position. Next,  sensing short circuits
in the power transistors 42, in the block 314, control signals are passed
to the  42' and immediately opening the line contact transistors 72, 80 to
drive the direction contactor  44-1 to discontinue the power supply to the
coils 68, 76 for vehicle 112 operation in the    35    motors  14, 14'. The
present invention  is direction selected by the direction switch 84.
implemented by using digital processing and Information received on the
line 104 relating to   integrated  circuit components including  the the
accelerator pedal 106 position or speed          microprocessor 60, which
are highly reliable, fast, demand is next input by the microprocessor 60 in
durable, and cost-effective. the block 316. Finally, in the block 318, the
40 microprocessor 60 determines, either by calcula-     Claims tion or from
a look-up table stored in memory, appropriate pulse train waveforms to
output on         1. Apparatus (10) for controlling the speed of an the
lines 18, 18' to operate the vehicle 112 at the  electric motor (14, 14'),
the apparatus (10) 



speed demanded by the accelerator pedal 106   45   including a power source
(12); position. Control is then transferred back to the      means (30) for
producing a variable frequency block 302 for the next program iteration.
and variable duty cycle pulse train in response to Fig. 4 shows a
schematized overall vehicle         the position of an accelerator pedal
(106); control system  110 for an electric vehicle 112,       controllable
means (16,16') for connecting and such as an electric fork lift truck,
having a left   50    disconnecting the motor (14, 14') to and from the
drive wheel 114 and a right drive wheel 114'. The    power source (12) in
response to the pulse train; motor 14 will rotate the left drive wheel 114
converting means (22, 22') for producing a first through a shaft 116 and
the motor 14' will rotate    logic signal in response to a voltage being
applied the right drive wheel 114' through a shaft 116'.     to the motor;
The control system 34 controls the energization    55  programmable data
processing means (30) for and deenergization of the motors 14, 14' in the
monitoring the first logic signal during only the manner previously
described and in response to       low periods of the pulse train and
producing a the position or state of the line contactor switch   second
logic signal in response to the first logic 62, directional control switch
84, and accelerator   signal being greater than a preselected logically
pedal 106. Also shown is a steering wheel 118 and    60    high level; a
steerable wheel 120 conventionally used in 3-        safety means (17) for
producing a third logic wheeled vehicles, which control the steering of
signal in response to receiving the first logic the vehicle 112.
signal for a time greater than a preselected A vehicle operator first
closes the line contactor  period; switch 62 and, if the operator is
properly seated    65  switching means (26; 44) for receiving the    9
0 130 981                       10 produced by MOSTEK Corporation of
Carrollton,        so as to close seat switch 65, the microprocessor Texas
and designated by the part number 3870.        60 produces the control
signal on the line 32 to Upon beginning the flowchart of Fig. 4 at the
energize the contactor coil 44 and close line block 300 labeled START,
program control prog-       contact 44-1. Then, the vehicle operator places
resses through the following sequence:         5    the directional control
switch 84 in the forward or In the block 302 the program routine begins
reverse position, resulting in the microprocessor with the line contactor
44-1 open in response to     60 producing the control signal on the line 74
or a control signal from the microprocessor 60 on      the line 82 to
energize the coil 68 or the coil 76 for the line 32. Subsequently, in the
block 304, the     forward drive or reverse drive. Then, the vehicle status
of the switch 65 is determined. If the switch   to   operator depresses the
accelerator pedal 106 to a 65 is open, indicating that the vehicle 112 is
not to  command speed position, resulting in the micro- be operated, the
program loops back to the block     processor 60 producing the
corresponding pulse 302. This loop continues until the switch 65
train on the lines 18,18' to energize motors 14,14' closes, at which time
the program proceeds to the   in the forward or reverse direction at the
com- block 308, and closes the line contactor 44-1 with   15    manded
speed. a proper control signal from the microprocessor        Should the
transistor 42 or the transistor 42' fail 60 on the line 32.
short-circuit at any time, loss of speed control can Next, in the block
309, the lines 24, 24' are      occur. The means 22 or the means 22' will
deliver checked to determine if a shorted drive transistor   a "logic 1"
signal via the line 24 or the line 24', 42, 42' condition exists. If the
shorted condition is   20   respectively, to the microprocessor 60. The
micro- detected, the program proceeds to the block 310      processor 60
will respond to the presence of the where the line contactor 44-1 is
opened. The         "logic 1" signal on the line 24 or the line 24' by
program then stops at the END block 311 with the     producing another
control signal on the line 32 to apparatus 10 disabled until the short
circuit condi-  turn "off" the transistor 48 and deenergize the tion is
repaired and the program restarted at the    25   line contactor coil 44.
In response, the line contact block 300.
44-1 is opened to decouple the supply of power If the short circuit
condition is not detected in  to the motors 14, 14' and prevent loss of
speed the block 309, program control passes to the         control as well
as any damage or other harmful blocks 312-318 for operation of the motors
14,       effects to the other circuit components. 14'. In the block 312
the microprocessor 60 inputs   30  In summary, the present invention can,
for the information received on the lines 92, 100 in     example, prevent a
loss of speed control by response to the direction switch 84 position.
Next,  sensing short circuits in the power transistors 42, in the block
314, control signals are passed to the  42' and immediately opening the
line contact transistors 72, 80 to drive the direction contactor  44-1 to
discontinue the power supply to the coils 68, 76 for vehicle 112 operation
in the    35    motors  14, 14'. The present invention  is direction
selected by the direction switch 84.      implemented by using digital
processing and Information received on the line 104 relating to  integrated
circuit components including the the accelerator pedal 106 position or
speed          microprocessor 60, which are highly reliable, fast, demand
is next input by the microprocessor 60 in     durable, and cost-effective.
the block 316. Finally, in the block 318, the    40 



microprocessor 60 determines, either by calcula-    Claims tion or from a
look-up table stored in memory, appropriate pulse train waveforms to output
on        1. Apparatus (10) for controlling the speed of an the lines 18,
18' to operate the vehicle 112 at the  electric motor (14, 14'), the
apparatus (10) speed demanded by the accelerator pedal 106   45   including
a power source (12); position. Control is then transferred back to the
means (30) for producing a variable frequency block 302 for the next
program iteration.            and variable duty cycle pulse train in
response to Fig. 4 shows a schematized overall vehicle         the position
of an accelerator pedal (106); control system 110 for an electric vehicle
112,       controllable means (16,16') for connecting and such as an
electric fork lift truck, having a left   50   disconnecting the motor (14,
14') to and from the drive wheel 114 and a right drive wheel 114'. The
power source (12) in response to the pulse train; motor 14 will rotate the
left drive wheel 114         converting means (22, 22') for producing a
first through a shaft 116 and the motor 14' will rotate    logicsignal in
responsetoavoltage being applied the right drive wheel 114' through a shaft
116'.    to the motor; The control system 34 controls the energization
55  programmable data processing means (30) for and deenergization of the
motors 14, 14' in the      monitoring the first logic signal during only
the manner previously described and in response to       low periods of the
pulse train and producing a the position or state of the line contactor
switch  second logic signal in response to the first logic 62, directional
control switch 84, and accelerator   signal being greater than a
preselected logically pedal 106. Also shown is a steering wheel 118 and
60   high level; a steerable wheel 120 conventionally used in 3-
safety means (17) for producing a third logic wheeled vehicles, which
control the steering of      signal in response to receiving the first
logic the vehicle 112.                                     signal for a
time greater than a preselected A vehicle operator first closes the line
contactor  period; switch 62 and, if the operator is properly seated    65
switching means (26; 44) for receiving the 6    11                  0 130
981                        12                 ( second and third signals
and disconnecting the      standig aktivierte Position ist, die ein Max
motor (14, 14') from the power supply (12) in
befehlsgeschwindigkeitssignal definiert. response to receiving the second
or third logic       3. Vorrichtung (10) nach Anspruch 1 oder 2 mit signal;
and,                                         Mitteln (207) zur Abschaltung
der Sicherheits- means (216) for disabling the safety means    5    mittel
(17) infolge  eines zweiten  Betriebs- (17) in response to the accelerator
(106) being      zustandes. positioned at a preselected location.
4. Vorrichtung (10) nach Anspruch 3, wobei der 2. Apparatus (10) according
to claim 1, wherein    zweite Betriebszustand das Starten ist. the
preselected accelerator location is a fully        5. Vorrichtung (10) nach
einem der Anspruche activated position which defines a maximum    10    1
bis 4, wobei die Datenverarbeitungsmittel (30) command speed signal.
einen programmierbaren  Mikroprozessor (60) 3. Apparatus (10) according to
claim 1 or claim    aufweisen. 2, including means (207) for disabling the
safety      6. Vorrichtung (20) nach einem der Anspruche means (17) in
response to a second operating         1 bis 5, wobei die Schaltmittel (46)
einen condition.                                     15   Leitungsschalter
(44-1) aufweisen. 4. Apparatus (10) according to claim 3, wherein      7.
Vorrichtung (10) nach einem der Anspruche the second operating condition is
start-up.          1 bis 6, wobei die Umwandlungsmittel (22, 22') 5.
Apparatus (10) according to any of claims 1     ein Paar von Widerstanden
aufweisen, die als ein to 4, wherein the data processing means (30)
Spannungsteilernetzwerk geschaltet sind. includes a programmable
microprocessor (60).   20 6. Apparatus (20) according to any of claims 1
Revendications to 5, wherein the switching means (46) includes a line
contactor (44-1).                                 1. Appareil (10) pour
regler la vitesse d'un 7. Apparatus (10) according to any of claims 1
moteur electrique (14, 14'), I'appareil (10) com- to 6, wherein the
converting means (22, 22')   25    prenant includes a pair of resistors
connected as a volt-      une source d'alimentation en energie (12); age
divider network.                                   des moyens (30) pour
produire un train d'im- pulsions A frequence variable et a taux d'impul-
Patentanspruche                                      sions variable, en
reponse A la position d'une 30   pedale d'accelerateur; 1. Vorrichtung (10)
zur Steuerung der Drehzahl       des moyens contr6lables (16, 16') pour
con- eines Elektromotors (14, 14'), wobei die Vorrich-    necter le moteur
(14, 14') A la source d'alimenta- tung (10) folgendes aufweist:
tion en energie (12) et le deconnecter de cette eine Leitstungsquelle (12),
dernibre, en reponse au train d'impulsions; Mittel (30) zur Erzeugung einer
Impulsfolge mit   35  des moyens de conversion (22, 22') pour pro- 



variabler Frequenz und variablem Tastverhaltnis      duire un premier
signal logique en reponse au entsprechend der Position eines Beschleuniger
fait qu'une tension est appliquee au moteur; oder Gaspedals (106),
steuerbare Mittel (16, 16')      des moyens programmables (30) de
traitement zur Verbindung und Trennung des Motors (14,          de donn6es,
pour contr6ler le premier signal 14') mit und von der Liestungsquelle (12)
infolge   40   logique uniquement pendant les p6riodes de der Impulsfolge,
courte duree du train d'impulsions et produire un Umwandlungsmittel (22,
22') zur Erzeugung          second signal logique en reponse au fait que le
eines ersten logischen Signals infolge des Anle-     premier signal logique
est superieur a un niveau gens einer Spannung an den Motor,
logique haut pr6selectionn6; programmierbare   Datenverarbeitungsmittel
45      des moyens de s6curite (17) pour produire un (30) zur Uberwachung
des ersten logischen           troisieme signal logique en r6ponse a la
recep- Signals nur wahrend der niedrigen Perioden der       tion du premier
signal logique sur un intervalle Impulsfolge und Erzeugung eines zweiten
logi-        de temps superieur A une periode preselection- schen Signals
dann, wenn das erste logische          nee; Signal grol3er ist ein
vorgewahiter logischer   50    des moyens de commutation (26; 44) destines
hoher Pegel,                                         a recevoir les second
et troisieme signaux et a Sicherheitsmittel (17) zur Erzeugung eines drit-
deconnecter le moteur (14, 14') de la source ten logischen Signals infolge
des Empfangs des       d'alimentation en energie (12), en reponse A la
ersten logischen Signals fOr eine Zeitspanne gro-    reception du second ou
du troisieme signal logi- Ber als eine vorgewihlte Periode,              55
que; et Schaltmittel (26; 44) zum Empfang der zweiten        des moyens
(216) pour invalider les moyens de und dritten Signale und zur Trennung des
s6curit6 (17) en reponse au fait que l'accelerateur Motors (14, 14') von
der Leistungsquelle (12)       (106) est place dans une position
preselection- beim  Empfang des zweiten oder dritten logi-         nee.
schen Signals, und Mittel (216) zur Abschaltung    60  2. Appareil (10)
selon la revendication 1, dans der Sicherheitsmittel (17) dann, wenn  das
lequel la position preselectionnee de l'accel6ra- Beschleunigerpedal (106)
in einer vorgewahlten      teur est une position d'actionnement A fond, qui
Lage positioniert ist.                               definit un signal de
vitesse prescrite maximale. 2. Vorrichtung (10) nach Anspruch 1, wobei die
3. Appareil (10) selon la revendication 1 ou la vorgewahlte
Beschleunigerpedallage eine voll-  65   revendication 2, comprenant des
moyens (207) 7 I 111111] IIIII1 11111     .. III!I    13
0  130 981                       14 pour invalider les moyens de securite
(17) en           6. Appareil (20) selon l'une quelconque des    (I reponse
A un second etat de fonctionnement.           revendications 1 a 5, dans
lequel les moyens de 4. Appareil (10) selon la revendication 3, dans
commutation (46) comprennent un contacteur de lequel le second 6tat de
fonctionnement est le        ligne (44-1). demarrage.
5      7. Appareil (10) selon l'une quelconque des 5. Appareil (10) selon
l'une quelconque des         revendications 1 a 6, dans lequel les moyens
de revendications 1 a 4, dans lequel les moyens (30)     conversion (22,
22') comprennent une paire de de traitement de donn6es incluent un
micropro-        resistances connect6es sous la forme d'un reseau cesseur
programmable (60).                            diviseur de tension. 10 15 20
25 30 35 40 45 50 55 60 65 8    


