
0 130 979 Description Technical field This invention relates generally to a
power supply control apparatus and, more particularly, to s  apparatus for
limiting current through a motor. Background art Current limit control
circuits are well-known for limiting current flow through a device. For
example, a 10 wide variety of current limit control circuits are employed
to limit current flow through a motor to a preselected maximum value. The
current limit control circuits may be used in conjunction with, for
example, motor speed control circuits. Should excessive current flow
through the motor at any motor speed, the current limit control circuits
will limit the flow to the preselected maximum value. Typically, a motor
speed control circuit is a chopper or pulse control that has a pulse
generator, such as 15 a voltage controlled oscillator (VCO), and an on-off
power coupling element, such as a power transistor, in series with the
motor. The transistor is pulsed on and off in response to the output pulse
train of the pulse generator. The pulse generator controllably produces
pulse trains in response to control signals which represent desired or
commanded motor speeds. The typical current limit control circuit senses
current through the armature of the motor and, in response to excessive
current flow, modifies these control 20 signals and causes the pulse
generator to output pulse trains representing a reduced motor speed. One
problem with prior current limit control circuits is that current limit
control is directly coupled or tied to motor speed control. That is, when
motor current flow exceeds the preselected maximum value, the pulse
generator, whose primary function is motor speed control, is controlled to
modify the motor speed control information. A disadvantage is that a
malfunction of the pulse generator can render the current limit 25
ineffective. Furthermore, prior motor speed and current limit control
circuits have the disadvantage of utilizing analog and/or discrete
component design concepts. They are also relatively complicated, slow, and
not cost-effective. US-A-3868554 shows a system in which the flow of
current through a motor from a battery is 30 controlled by a thyristor
connected intermediate the power source and the motor. The thyristor is
controlled by motor speed control signals in the form of a plurality of
pulse trains having preselected duty factors and being delivered from a
gating control. The gating control receives different motor-speed command
signals from a speed control means via a controlled acceleration circuit.
The output of this circuit is limited by a signal delivered from a limit
detector stage in response to a current signal generated in 35 response to
the motor current and derived from transducer means. The limitation becomes
effective when the current signal (at the inverting input of a comparator
exceeds a preselected value (at the non-inverting input of the comparator)
and results in a modification of the pulse trains. This apparatus also
includes a thermistor 48 for supplying a temperature signal in response to
the temperature of the thyristor in order to constrain the duty factor of
the pulse train controlling the power switching elements. 40     According
to the present invention apparatus for controlling the supply of power to
at least one motor comprises a power switching element connected
intermediate a power source and the motor; means for generating a plurality
of different motor speed command signals, each in response to a respective
motor speed command; a pulse train generator which receives said motor
speed command signals and delivers pulse trains to the power switching
element, the duty factors of the pulse trains being controlled in 45
response to said command signals; transducer means for supplying a current
signal in response to the magnitude of the current flowing through the
motor; a current limit circuit for receiving said current signal and
delivering a signal In response to said current signal exceeding a
preselected value; characterised in that gate means is included
intermediate the pulse train generator and the power switching element for
receiving the pulse trains and the current dependent signal as a blocking
signal, the gate means passing 50  said pulse trains to the power switching
element in response to receiving the pulse trains in the absence of the
blocking signal, and -blocking said pulse trains from the power switching
element in response to receiving the blocking signal. The invention also
includes a method of controlling the supply of power to at least one motor,
the method comprising generating a plurality of different motor speed
command signals, each in response to a 55 respective motor speed command;
said motor speed command signals being received by a pulse train generator
to provide pulse trains to a power switching element, the duty factors of
the pulse trains being controlled in response to said command signals;
generating a current signal in response to the magnitude of the current
flowing through the motor; and producing a blocking signal in response to
said current signal exceeding a preselected value; characterized in that
the pulse trains are passed to the power 60 switching element in the
absence of the blocking signal and are blocked from the power switching
element in the presence of the blocking signal. Prior control circuits
interconnect or couple the motor speed control and current limit control so
that, for example, a malfunctioning pulse generator may prevent current
limit control. The present invention performs current limit control
independently of motor speed control and utilizes state-of-the-art
technology 65 which is cost-effective, simple, reliable and fast. 2 



0 130 979 For a better understanding of the present invention, reference
may be made to the accompanying drawings in which:- Figure 1 is a block
diagram of one embodiment of the present invention; Figure 2 is a schematic
illustration of an overall motor control system incorporating the present 5
invention; Figure 3 is a flowchart used to explain the software of an
embodiment of the present invention; and, Figure 4 is a schematized top
view of an electric vehicle having the motor control system of Figure 2.
Figure 1 illustrates an apparatus 10 for controlling the supply of power to
a motor 12. The apparatus 10 is designed to perform the function of motor
speed control and motor current limit control. Consequently, 10 the
apparatus 10 includes a power source 32, and a means 14 for generating a
plurality of different motor speed command signals on an output line 16
each in response to a respective motor speed command. The apparatus 10 also
includes a controllable supplying means 18, coupled to the motor 12 via a
line 20, for delivering motor speed control signals to the motor 12, and
responsively coupling power to the motor 12, and a first means 22 for
receiving the command signals, generating respective motor speed control
signals 15 in response to the command signals, and delivering the control
signals to the supplying means 18 via a line 24 to couple and decouple
power to the motor 12. The apparatus 10 further includes a first transducer
means 40 for supplying a current signal in response to the magnitude of
current flowing through the motor 12 and a second means 26 for receiving
the current signal, generating a blocking signal on a line 28 in response
to the current signal exceeding a 20 preselected value, and delivering the
blocking signal to the controllable supplying means 18 to selectively
decouple power to the motor 12 in response to the control signal, with the
second means 26 being independent of the first means 22. The line 28
bypasses the means 22 and acts, in addition to the line 24, as a control
input to the supplying means 18. Therefore, the supplying means 18 is
controlled by the second means 26 for decoupling power to the motor 12
independently or irrespective of the first means 22, as will 25 be further
described. Thus, the control produced by the second means 26 will continue
to operate should the first means 22 malfunction or otherwise fail by, for
example, calling for unwanted maximum power and corresponding motor speed.
Fig. 2 shows the apparatus 10, including the motor speed command signal
generating means 14, the controllable supplying means 18, the first means
22, the transducer means 40, and the second means 26, as 30 part of an
overall apparatus or motor control system shown generally as 30. Since the
principles of the present invention can be applied to simultaneously
control a plurality of motors, a second motor 12' is shown for exemplary
purposes. The second motor 12' is similar to the first motor 12. The
control system 30 includes the power source 32, such as a vehicle battery
[err] that supplies power to the motors 12 and 12' through a normally open
line contact 34. The motor 12 includes an armature 36 35 and a field
winding 38 that are in series connection with a shunt 40. The motor 12' has
components similar to the motor 12, including an armature 36' and a field
winding 38', with a series connected shunt 40'. A means 42 for controlling
the direction of energization of the motor 12 is part of the control system
30 and includes normally open forward contacts 44 and 46, together the
normally closed reverse contacts 48 and 50. A directional contactor coil
52, which controls the state of the contacts 44,46,48, 50, and an on-off 40
switch 54, such as a transistor which is controlled by the output of the
first means 22 on a line 56, are in series connection with the power source
32. When the switch 54 is closed, the coil 52 is energized to change the
state of the contacts 44, 46, 48, 50 from that shown. When the switch 54 is
opened, the coil 52 is deenergized to return the contacts 44, 46, 48, 50 to
the normal state shown. The means 42 also includes similar components for
controlling the direction of energization of the 45 motor 12'. The means 42
includes forward contacts 44', 46' and reverse contacts 48', 50' whose
state is controlled by the energization and deenergization of a contactor
coil 52' in series with a switch 54' which is controlled by the first means
22 over a line 56'. Note, however, that the foward contacts 44,46 are
normally open and the forward contacts 44', 46' are normally closed.
Likewise, the reverse contacts 48, 50 are normally closed and the reverse
contacts 48', 50' are normally open 50    The means 42 further includes a
directional control switch 58 having a forward position F, a neutral
position N and a reverse position R. When the switch 58 is in the neutral
position, a capacitor 60 is charged from +V through a resistor 61 to a
logic 1 and the output of an inverter 62 on a line 64 is responsively a
logic 0, and a capacitor 66 is charged from +V through a resistor 67 to a
logic 1 and the output of an inverter 68 on a line 70 is responsively a
logic 0. When the directional control switch 58 is switched to the forward
55 position F, the capacitor 60 is discharged through the resistor 61 and
the switch 58 to a logic 0 so that the output on the line 64 from the
inverter 62 is a logic 1. When the directional control switch 58 is
switched to the reverse position R, the capacitor 66 is discharged through
the resistor 67 and the switch 58 to a logic 0 so that the output on the
line 70 from the inverter 68 is a logic 1. The first means 22 includes a
data processor 72 which can be, for example, a programmable 60
microprocessor 74 that performs a number of control functions. Thus, under
software control, the 



microprocessor 74 responds to the logic 1 on the line 64 by closing or
turning on the switch 54, energizing the coil 52, changing the state of the
contacts 44, 46, 48, 50, and opening the switch 54' to ensure that the
state of the contacts 44', 46', 48', 50' is as illustrated. Therefore, the
forward contacts 44, 46 are closed, the reverse contacts 48, 50 are opened,
the forward contacts 44', 46' remain closed, and the motors 12 and 12' 65
can be energized in the same, i.e., forward direction. Under software
control, the microprocessor 74 3    0 130 979 responds to the logic 1 on
the line 70 by closing or turning on the switch 54', energizing the coil
52', changing the state of the contacts 44', 46', 48', 50', and opening the
switch 54 to provide the illustrated state of the contacts 44,46,48, 50.
Therefore, the reverse contacts 48', 50' are closed, the forward contacts
44', 46' are opened, the reverse contacts 48,50 are closed and the motors
12 and 12' can be energized in the 5 same, i.e., reverse direction. The
motor speed command data generating means 14 includes a means 76 for
generating digital numbers on the output line 16 representing the command
speed data. For example, the numbers are 4-bit digital numbers ranging from
0000 to 1111. Each digital number in the range 0000-1111 is a different
motor speed command signal for the motors 12 and 12'. For example, the
number 0000 commands zero 10 speed, the number 1000 commands half speed and
the number 1111 commands full or maximum speed. Under software control, the
microprocessor 74 responds to the digital numbers on the line 16 by
outputting preselected pulse trains on the lines 24 and 24'. Thus, in the
present example, since there are sixteen digital numbers or command speeds
in the range 0000-1111, there are sixteen different preselected motor speed
control signals or pulse trains that are produced on the lines 24 and 24'
to rotate the motors 12 and 12' at 15 sixteen different speeds. The sixteen
different pulse trains are different in duty factor or proportion of pulse
"on-time" to pulse "off-time" The range of digital numbers from 0000 to
1111 in the binary coded decimal format (BCD) is used only for convenient
illustration and could be any suitably coded binary representation, for
example a gray code, having a number of bits consistent with the desired
precision. As one example, the generating means 76 is coupled to an
accelerator pedal 78 via a linkage 80. The 20 generating means 76 includes
a transducer and signal conditioning circuit 82 which converts positional
information of the accelerator pedal 78 to any one of the digital numbers
0000-1111 on the line 16. In operation, when the accelerator pedal 78 is
fully released or not depressed, the generating means 76 responds, through
the linkage 80, by outputting the digital number 0000 on the line 16. The
microprocessor 74 responds by not producing any control signal or pulse
train on the lines 24 and 24', and the motors 12 25 and 12' are shut off.
When the accelerator pedal 78 is depressed to, for example, a half-speed
position, the generating means 76 outputs the number 1000 on the line 16,
the microprocessor 74 responds to the number 1000 on the line 16 by
outputting a preselected pulse train on the lines 24 and 24' to operate the
motors 12 and 12' at half speed. When the accelerator pedal 78 is depressed
to, for example, a full speed position, the microprocessor 74 responds to
the number 1111 on the line 16 by outputting a preselected 30 pulse train
on the lines 24 and 24' to operate the motors 12 and 12' at full pulsed
speed. Table 1 shows one example of a suitable relationship between the
accelerator pedal 78 position, the corresponding motor speed command
signals, and the resulting pulse train duty factors. The supplying means 18
includes a two-input NOR gate 84 having a first input connected to the line
24 and an output coupled via a line 86 to an on-off power switching element
88 which has a power transistor 35 90 connected intermediate the power
source (32) and the motor 12. A two-input NOR gate 84' has a first input
connected to the line 24' and an output coupled via a line 86' to an on-off
power coupling switch 88' which has a power transistor 90' in series with
the motor 12'. The gates 84 and 84' pass or do not pass the pulse trains on
the respective lines 24 and 24' to the lines 86 and 86' in response to the
state (logic 0 or logic 1) of the respective second inputs, as described
below. 40     Assume the gates 84 and 84' are enabled to pass the
respective pulse trains on the lines 24 and 24'. In response to the pulses
on the lines 24 and 24' being high or logic 1, the outputs of the gates 84
and 84' on respective lines 86 and 86' are low or logic 0. As can be seen,
the means 18 and 18' respond by turning off the transistors 90 and 90' and
deenergizing the motors 12 and 12'. In response to the pulses on the lines
24 and 24' being low or logic 0, the outputs of the gates 84 and 84' on
respective lines 86 and 86' are high or 45 logic 1. The means 18 and 18'
respond by turning on the transistors 90 and 90' to energize the motors 12
and 12'. As previously mentioned, the second means 26 decouples power from
the motors 12 and 12' in order to limit motor current to a maximum value.
The means 26 includes a differential amplifier 92 having inputs 94 coupled
across the shunt 40 to monitor or sense current flow through the armature
36 of the motor 12. 50 The output voltage signal of the amplifier 92 on a
line 96 is directly proportional to the armature current. An operational
amplifier or comparator 98 has one input (+) coupled to the line 96 for
receiving the voltage signal. Another input (-) of the comparator 98
receives a reference voltage signal on a line 100 via the output of a
potentiometer 102. The reference voltage signal on the line 100 is one of
two levels for reasons described below. 



55     A latch 103 has a set input S connected to the output of the
comparator 98 via a line 104. A reset input R of the latch 103 is coupled
to the line 24 carrying the pulse train output of the microprocessor 74 and
is reset with each logic 1 or high pulse of the pulse train. The latch 103
has an output Q coupled to a line 106, which is one input to a comparator
110. The other inputto the comparator 110 receives a reference voltage
signal on a line 112 from the output of a voltage divider 114. The output
of the comparator 110 is coupled to a line 60 116 which is the other input
to the gate 84. The second means 26' has corresponding components indicated
by like reference numerals for limiting current through the motor 12'.
Thus, there is shown, for example, a differential amplifier 92', a
comparator 98', a latch 103', and a comparator 110'. In the operation of
the second means 26, assume that the reference voltage signal on the line
100 is at a 65 value corresponding to the preselected maximum allowable
motor current. If the current through the 4    0 130 979 armature 36 of the
motor 12 does not exceed the maximum value, the signal on the line 96 from
th differential amplifier 92 is lower than the signal on the line 100,
resulting in a logic 0 on the line 104. This logic 0 is stored in the latch
103 and produces the logic 1 on the line 106 that is supplied as one input
to the comparator 110. Note that each pulse of the pulse train on the line
24 resets the latch 103, but since a logic 0 5 resides continually on the
line 104 as long as the maximum current has not been reached, the latch 103
remains set to provide the logic 1 on the line 106. Since the other
reference voltage signal input on the line 112 to the comparator 110 is
lower than the logic 1 on the line 106, the output of the comparator 110 is
a logic 0 on the line 116 which constitutes one input to the gate 84.
Therefore, the output of the gate 84 on the line 86 follows the waveform of
the pulse train on the line 24 and biases the transistor 90 on and off. A
low 10 pulse or logic 0 on the line 24 ultimately turns on the transistor
90 and a high pulse or logic I on the line 24 ultimately turns off the
transistor 90. Assume now that the current through the armature 36 of the
motor 12 exceeds the preselected maximum value, and the signal on the line
96 exceeds the signal on the line 100, resulting in a logic 1 being output
on the line 104. In response, the latch 103 stores this logic 1 to provide
a logic 0 on the line 106 as an 15 input to the comparator 110. Since the
other reference voltage signal input to the comparator 110 on the line 112
is now higher than this logic 0, the output of the comparator 110 on the
line 116 is logic 1. Therefore, the output of the gate 84 on the line 86 is
continually a logic 0, irrespective of the pulse train on the line 24, and
turns off the transistor 90. Thus, in response to the current in the motor
armature 36 exceeding the maximum value, as selected by the reference
voltage signal on the line 100, the transistor 90 20 is turned off to stop
the supply of current to the motor 12 until the current falls below this
maximum value. Thus, the output of the comparator 110 on the line 116 is
the blocking signal supplied to the gate 84 for controllably modifying the
pulse trains delivered by the first means 22. It can now be appreciated
that the other components of the second means 26' function in the same
manner to monitor and control the current through the armature 36' of the
motor 12'. Therefore, the output 25 of the comparator 110' enables or
disables the gate 84' to pass or not pass the pulse trains on the line 24'
to the line 86'. As previously mentioned, the latch 103 is reset with the
pulses of the pulse trains on the line 24. This resetting is performed
since it is desirable to often check the current limit condition, such as
with each pulse. Should the first means 22 malfunction by, for example,
outputting the maximum speed pulse train 30 on the line 24 irrespective of
the value of the digital number on the line 16, and if the preselected
maximum motor current is reached, the second means 26 will operate to limit
the motor current in the presence of the malfunction. Another condition,
other than a motor overcurrent condition, that can occur and make it
desirable to limit current through the motors 12 and 12' is an undesirable
thermal condition. That is, motor current flow 35 should be limited in the
event of overheating the power switching element 88 including the
transistor 90 or the switching element 88' including the transistor 90'.
Consequently, a means 118 for protecting the elements 88 or 88' against
overheating can advantageously be added to the second means 26 and 26'. The
means 118 includes a transducer means 120, such as a thermal switch 122,
for supplying a temperature signal in response to the temperature of the
supplying means 18 exceeding a preselected 40 value, and means 26 for
generating the blocking signal in response to receiving the temperature
signal. The thermal switch 122 is located adjacent the supplying means 18,
for example, on a heat sink associated with the transistors 90 and 90'. A
signal conditioning circuit 124 conditions an output signal on a line 126
from the transducer means 120 to produce the conditioned signal on an
output line 128. A transistor 130, having a resistor 132 coupled across its
emitter and collector, is biased in response to the 45 conditioned signal
on the line 128. The collector of the transistor 130 is connected to the
potentiometers 102 and 102' via a line 133. In operation, if the power
switching elements 88 and 88' have not overheated, the output of the
thermal switch 122 on the line 126 is at logic 0, which is coupled via the
conditioning circuit 124 onto the line 128for 



holding the transistor 130 on. In response, a voltage +V is coupled through
the transistor 130, bypassing 5o the resistor 132, onto the line 133 and
then to the potentiometers 102 and 102', setting the reference voltage
signal on the lines 100 and 100' to the preselected value for current limit
control of current through the armatures 36 and 36', as previously
described. However, should the switch 88 or 88' overheat, a logic 1 is
produced on the line 126 by the thermal switch 122. The logic 1 is
conditioned by the conditioning circuit 124 and output on the line 128 to
bias off 55 the transistor 130. In response, a voltage +V is coupled
through the resistor 132 onto the line 133. A voltage drop occurs across
the resistor 132. This results in a lower voltage on the line 133 and a
lower reference voltage signal on the lines 100 and 100' than that
resulting from transistor 130 being on. This lower reference voltage signal
lowers the setting for the current limit and results in a lowered allowable
maximum current flow through the motors 12 and 12'. The reduced current
flow will allow the overheated 60 switch 88 or 88' to cool. Fig. 3 is a
flow chart of a computer program suitable for controlling the apparatus 10.
Only the software routines required to implement one embodiment of the
present invention are described herein. Sufficient detail is presented to
allow one skilled in computer programming to write the required program to
implement the flow chart for any common microprocessor, for example, the
microprocessor produced by 65 MOSTEK Corporation of Carrollton, Texas and
designated by the part number 3870. Upon beginning the 5    0 130 979 flow
chart of Fig. 4 at the block 200 labelled START, program control progresses
through the following sequence: In the block 202, the microprocessor 74
inputs the information that is received on the lines 64, 70 in response to
the direction switch 58 position. Next, in the block 204, information
received on the line 16 5 relating to the accelerator pedal 78 position or
speed demand is also input by the microprocessor 74. Control signals are
then passed, in the block 206, to the switches 54, 54' to drive the
direction contactor coils 52, 52' for vehicle 136 operation in the
direction selected by the direction switch 58. Finally, in the block 208,
the microprocessor 74 determines, either by calculation or from a look-up
table stored in memory, appropriate pulse train waveforms to output on the
lines 24, 24' to operate the 10 vehicle 136 at the speed demanded by the
accelerator pedal 78 position. An example of a suitable relationship
between the accelerator pedal 78 position, motor speed command signals, and
pulse train duty factors is shown in Table 1. Control is then transferred
back to the block 202 for the next program iteration. Fig. 4 shows an
overall vehicle control system 134 for an electric vehicle 136, such as an
electric fork lift 15 truck, having a left drive wheel 138 and a right
drive wheel 138'. The motor 12 will rotate the drive wheel 138 through a
shaft 140 and the motor 12' will rotate the drive wheel 138' through a
shaft 140'. The control system 30 controls the energization and
deenergization of the motors 12 and 12' in the manner previously described
in response to the directional control switch 58 and the accelerator pedal
78. Also shown is a steering wheel 142 and a steerable wheel 144
conventionally used on three-wheeled vehicles for 20 controlling the
steering of the vehicle 136. TABLE 1 Accelerator pedal
Pulse train position (% of       Motor speed       duty factors 25
- maximum)         command signals         (%) 0.00               0000
0.00 6.67               0001              6.25 30 13.33              0010
12.50 20.00               0011             18.75 35
26.67               0100             25.00 33.33               0101
31.25 40.00               0110             37.50 40 46.67
0111             43.75 53.33               1000             50.00 45
60.00               1001             56.25 66.67               1010
62.50 73.33               1011             68.75 50 80.00
1100             75.00 86.67               1101             81.25 55
93.33               1110             87.50 



100.00               1111             93.75 In the overall operation of the
vehicle 136 and the vehicle control system 134, assume, for example, that
60 the directional control switch 58 is in the forward position F and that
the accelerator pedal 78 is at a half-speed position. The microprocessor 74
has received the logic 1 data signal on the line 64 and the digital number
1000 on the line 16. Consequently, the microprocessor 74 has closed the
switch 54 to energize the coil 52 and is producing the pulse train on the
lines 24 and 24' corresponding to half-speed. As a result, the motors 12
and 12' are being energized to move the vehicle 136 in the forward
direction at half speed. 65    Then, for example, should the accelerator
pedal 78 be released to a quarter speed position or 6    0 130 979
depressed to a full speed position, the microprocessor 74 will respond to
the respective digital numbers on the line 16 to generate the corresponding
pulse trains on the lines 24 and 24', thereby energizing the motors 12 and
12' to drive the vehicle 136 at quarter speed or full speed. A similar
speed and directional control will occur should the directional control
switch 58 be in the 5 reverse position R and the accelerator pedal 78 be
depressed to various positions. In response to the current through the
motors 12 or 12' exceeding a preselected maximum value, the second means 26
and 26' will limit this current, irrespective of the magnitude of current
or power that would otherwise be coupled to the motor 12 or 12' due to the
pulse train on respective lines 24 and 24'. The maximum value can be
relatively high or low value depending on whether the power switching
elements 10 88 or 88' overheat, as determined by the means 118. In summary,
the apparatus 10 and the overall motor control system 30 have the advantage
of limiting motor current whenever an overcurrent condition occurs,
irrespective of the control signals produced by the means 22. Thus, the
current can be limited even if means 22 were to fail or function
improperly. Moreover, motor current is also limited if other conditions
occur, particularly if the power switching ,5 elements 88 or 88' overheat.
Furthermore, the apparatus 10 and the motor control system 30 utilize the
advantages of digital data processing and logic network design, including
the microprocessor 74 and the various logic gates and latches, to perform
the various control functions. These components can be manufactured as
integrated circuits and provide an overall system that is reliable,
cost-effective and fast. 20 Claims 1. Apparatus (10) for controlling the
supply of power to at least one motor (12), comprising: a power switching
element (88) connected intermediate a power source (32) and the motor (12);
means (14) for generating a plurality of different motor speed command
signals, each in response to a respective motor 25 speed command; a pulse
train generator (22) which receives said motor speed command signals and
delivers pulse trains to the power switching element (88), the duty factors
of the pulse trains being controlled in response to said command signals;
transducer means (40) for supplying a current signal in response to the
magnitude of the current flowing through the motor (12); a current limit
circuit (26) for receiving said current signal and delivering a signal in
response to said current signal exceeding a 30 preselected value;
characterised in that gate means (84) is included intermediate the pulse
train generator (22) and the power switching element (88) for receiving the
pulse trains and the current dependent signal as a blocking signal, the
gate means (84) passing said pulse trains to the power switching element
(88) in response to receiving the pulse trains in the absence of the
blocking signal, and blocking said pulse trains from the power switching
element (88) in response to receiving the blocking signal. 35     2. A
method of controlling the supply of power to at least one motor (12), the
method comprising generating a plurality of different motor speed command
signals, each in response to a respective motor speed command; said motor
speed command signals being received by a pulse train generator (22) to
provide pulse trains to a power switching element (88), the duty factors of
the pulse trains being controlled in response to said command signals;
generating a current signal in response to the magnitude of the 40 current
flowing through the motor (12); and producing a blocking signal in response
to said current signal exceeding a preselected value; characterized in that
the pulse trains are passed to the power switching element (88) in the
absence of the blocking signal and are blocked from the power switching
element (88) in the presence of the blocking signal. 45 Patentansprfche 1.
Vorrichtung (10) zur Steuerung der Leistungsversorgung von mindestens einem
Motor (12), wobei folgendes vorgesehen ist: 50     ein
Leistungsschaltelement (88), verbunden zwischen einer Leistungsquelle (32)
und dem Motor (12), Mittel (14) zur Erzeugung einer Vielzahl von
unterschiedlichen Motordrehzahlbefehissignalen, und zwar jedes infolge
eines entsprechenden Motordrehzahlbefehis, einen Impulsfolgengenerator
(22), der die Motordrehzahlbefehisignale empfingt und Impulszuge an das
Leistungsschaltelement (88) liefert, wobei die Tastverhiltnisse der
Impulszuge infolge der Befehls- 55 signale gesteuert werden, 



Wandermittel (40) zur Lieferung eines Stromsignals infolge der Gr6Be des
durch den Motor (12) flieienden Stroms, eine Strombegrenzungsschaltung (26)
zum Empfang des Stromsignals und zur Lieferung eines Signals infolge des
Stromsignals, der einen vorgewihIten Wert Obersteigt, 60    dadurch
gekennzeichnet, dalI Gattermittel (84) zwischen dem Impulsfolgegenerator
(22) und dem Leistungsschaltelement (88) vorgesehen sind, um die
Impulsfolgen und das stromabhangige Signal als ein Blockiersignal zu
empfangen, wobei die Gattermittel (84) die Impulsfolgen zu dem
Leistungsschaltelement (88) infolge des Empfangs des Impulsfolgen bei
Nichtanwesenheit des Blockiersignals durchlassen, und wobei die
Impulsfolgen vom  Leistungsschaltelement (88) infolge des Empfangs des
Blockiersignals 65 blockiert werden. 7 ~i...:7    depressed to a full speed
position, the microprocessor 74 will respond to the respective digital
numbers on the line 16 to generate the corresponding pulse trains on the
lines 24 and 24', thereby energizing the motors 12 and 12' to drive the
vehicle 136 at quarter speed or full speed. A similar speed and directional
control will occur should the directional control switch 58 be in the 5
reverse position R and the accelerator pedal 78 be depressed to various
positions. In response to the current through the motors 12 or 12'
exceeding a preselected maximum value, the second means 26 and 26' will
limit this current, irrespective of the magnitude of current or power that
would otherwise be coupled to the motor 12 or 12' due to the pulse train on
respective lines 24 and 24'. The maximum value can be relatively high or
low value depending on whether the power switching elements 10 88 or 88'
overheat, as determined by the means 118. In summary, the apparatus 10 and
the overall motor control system 30 have the advantage of limiting motor
current whenever an overcurrent condition occurs, irrespective of the
control signals produced by the means 22. Thus, the current can be limited
even if means 22 were to fail or function improperly. Moreover, motor
current is also limited if other conditions occur, particularly if the
power switching 15 elements 88 or 88' overheat. Furthermore, the apparatus
10 and the motor control system 30 utilize the advantages of digital data
processing and logic network design, including the microprocessor 74 and
the various logic gates and latches, to perform the various control
functions. These components can be manufactured as integrated circuits and
provide an overall system that is reliable, cost-effective and fast. 20
Claims 1. Apparatus (10) for controlling the supply of power to at least
one motor (12), comprising: a power switching element (88) connected
intermediate a power source (32) and the motor (12); means (14) for
generating a plurality of different motor speed command signals, each in
response to a respective motor 25 speed command; a pulse train generator
(22) which receives said motor speed command signals and delivers pulse
trains to the power switching element (88), the duty factors of the pulse
trains being controlled in response to said command signals; transducer
means (40) for supplying a current signal in response to the magnitude of
the current flowing through the motor (12); a current limit circuit (26)
for receiving said current signal and delivering a signal in response to
said current signal exceeding a 30 preselected value; characterised in that
gate means (84) is included intermediate the pulse train generator (22) and
the power switching element (88) for receiving the pulse trains and the
current dependent signal as a blocking signal, the gate means (84) passing
said pulse trains to the power switching element (88) in response to
receiving the pulse trains in the absence of the blocking signal, and
blocking said pulse trains from the power switching element (88) in
response to receiving the blocking signal. 35     2. A method of
controlling the supply of power to at least one motor (12), the method
comprising generating a plurality of different motor speed command signals,
each in response to a respective motor speed command; said motor speed
command signals being received by a pulse train generator (22) to provide
pulse trains to a power switching element (88), the duty factors of the
pulse trains being controlled in response to said command signals;
generating a current signal in response to the magnitude of the 40 current
flowing through the motor (12); and producing a blocking signal in response
to said current signal exceeding a preselected value; characterized in that
the pulse trains are passed to the power switching element (88) in the
absence of the blocking signal and are blocked from the power switching
element (88) in the presence of the blocking signal. 45 PatentansprOche 1.
Vorrichtung (10) zur Steuerung der Ltistungsversorgung von mindestens einem
Motor (12), wobei folgendes vorgesehen ist: 50     ein
Leistungsschaltelement (88), verbunden zwischen einer Leistungsquelle (32)
und dem Motor (12), Mittel (I4) zur Erzeugung einer Vielzahl von
unterschiedlichen MotordrehzahlbefehIssignalen, und zwar jedes infolge
eines entsprechenden Motordrehzahlbefehis, einen Impulsfolgengenerator
(22), der die Motordrehzahlbefehisignale empfingt und lmpulszuge an 



das Leistungsschaltelement (88) liefert, wobei die Tastverhiltnisse der
Impulszuge infolge der Befehls- 55 signale gesteuert werden, Wandermittel
(40) zur Lieferung eines Stromsignals infolge der GroBe des durch den Motor
(12) flieBenden Stroms, eine Strombegrenzungsschaltung (26) zum Empfang des
Stromsignals und zur Lieferung eines Signals infolge des Stromsignals, der
einen vorgewihlten Wert ubersteigt, 60    dadurch gekennzeichnet, daB
Gattermittel (84) zwischen dem Impulsfolgegenerator (22) und dem
Leistungsschaltelement (88) vorgesehen sind, um die Impulsfolgen und das
stromabhingige Signal als ein Blockiersignal zu empfangen, wobei die
Gattermittel (84) die Impulsfolgen zu dem Leistungsschaltelement (88)
infolge des Empfangs des Impulsfolgen bei Nichtanwesenheit des
Blockiersignals durchlassen, und wobei die Impulsfolgen vom
Leistungsschaltelement (88) infolge des Empfangs des Blockiersignals 65
blockiert werden. 7    0 130 979              !       c    .1M   S   * I 2.
Verfahren zur Steuerung der Leistungsversorgung fur mindestens einen Motor
(12), wobei das /   f Verfahren folgendes aufweist:                  *-..
Erzeugung einer Vielzahl von unterschliedlichen
Motordrehzahlbefehissignalen, jedes infolge eines \| entsprechenden
Motordrehzahlbefehis, wobei die Motordrehzahlbefehisignale durch den
Impulsfolgen- 5  generator (22) empfangen werden, um Impulsfolgen an ein
Leistungsschaltelement (88) zu liefern, wobei die Tastverhaltnisse der
Impulsfolgen infolge der Befehissignale gesteuert werden, wobei ein
Stromsignal infolge der Gro6Ie des durch den Motor (12) flieBenden Stroms
erzeugt wird, und wobei schlieBlich ein Blockkiersignal infolge des einen
vorgewahiten Wert ubersteigenden Stromsignals erzeugt werden, dadurch
gekennzeichnet, daB die Impulsfolgen zu dem Leistungsschaltelement (88) be!
Nichtvorhanden- to sein des Blockiersignals geleitet werden, und daS die
Impulsfolgen dann vom Leistungsschaltelement (88) blockiert werden, wenn
das Blockiersignal vorhanden ist. Revendications is     1. Appareil (10)
pour la regulation de I'alimentation en energie d'au moins un moteur (12),
comprenant: un element commutateur de puissance (88) connecte entre une
source d'energie (32) et le moteur (12); un dispositif (14) pour generer
une serie de signaux differents de commande de vitesse du moteur, chacun en
reponse a une prescription de'vitesse respective du moteur; un generateur
(22) de trains d'impulsions qui recoit lesdits signaux de commande de
vitesse du moteur et delivre des trains 20 d'impulsions audit element
commutateur de puissance (88), les coefficients d'utilisation des trains
d'impulsions etant ajustes en fonction desdits signaux de commande; un
dispositif transducteur (40) pour produire un signal de courant fonction de
l'amplitude du courant circulant dans le moteur (12); un circuit limiteur
de courant (26) pour recevair ledit signal de courant et delivrer un signal
en reponse au depassement, par ledit signal de courant, d'une valeur
pr6d6terminee; caractbris6 en ce qu'un dispositif 25 declencheur (84) est
intercale entre le gindrateur 122) de trains d'impulsions et l'lment
commutateur de puissance (88) pour recevoir les trains d'impulsions et le
signal dependant du courant en tant que signal d'arret, le dispositif
declencheur (84) laissant passer lesdits trains d'impulsions dans l'element
commuta- teur de puissance (88) en reponse 3 la reception des trains
d'impulsions et en I'absence du signal d'arret, et interdisant le passage
desdits trains d'impulsions dans l'element commutateur de puissance (88) en
30 rbponse A la reception du signal d'arrit. 2. Proced6 de regulation de
l'alimentation en energie d'au moins une moteur (12), le procedb consistant
A engendrer une serie de signaux differents de commande de vitesse du
moteur, chacun en rbponse 3 une prescription de vitesse respective du
moteur; lesdits signaux de commande de vitesse du moteur etant recus par un
generateur (22) de trains d'impulsions pour fournir des trains d'impulsions
A un 35 element commutateur de puissance (88), les coefficients
d'utilisation des trains d'impulsions etant ajustes en fonction desdits
signaux de commande; a engendrer un signal de courant fonction de
l'amplitude du courant circulant dans le moteur (12); et A produire un
signal d'arret en reponse au depassement, par ledit signal de courant,
d'une valeur prideterminbe; caracterise en ce que le passage des trains
d'impulsions dans l'eiement commutateur de puissance (88) est autorise en
l'absence du signal d'arret et que leur 40 passage dans l'blement
commutateur de puissance (88) est stoppe en presence du signal d'arrAt. 45
50 55 60 65 8    


