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the plug signal provided that the command signal is higher than the limit
signal. It should be noted This invention relates generally to a power
that in this system two current limit settings are supply control system
and, more particularly, to a  produced one existing under normal running
motor control apparatus for producing electrical    5    conditions and the
other under plugging con- braking.
ditions. Electrical braking is a feature that has been      Prior
electrical braking control systems have utilized in motor control systems
to provide con-  the common disadvantage of utilizing analog and/ trolled
deceleration of a motor-driven device.     or discrete component design
concepts. Further- Electrical braking is particularly advantageous   10
more, they are complicated, not easily adjustable, when applied to the
drive motors in an electric    and not able to use the same basic control
circuit vehicle. For example, electrical braking can be    for different
types of vehicles that have different used to slow the electric vehicle
without applying  design parameters, for example, stopping dis- the service
brakes, thereby saving wear on them.   tance. Moreover, the prior control
circuits are not Electrical braking is accomplished by energizing a    15
as reliable, cost-effective and fast as a control motor in the direction
opposite the current direc-  circuit embodying computer technology. tion of
rotation. Therefore, electrical braking      The present invention is
directed to overcoming occurs when a direction of travel opposite to the
one or more of the problems as set forth above. direction in which the
vehicle is moving is         In accordance with the present invention there
selected, thereby energizing the motor or motors   20   is provided
apparatus for electrically braking a for driving the vehicle in the
selected direction  motor, the apparatus having means for generat- while
the vehicle continues to move in the origi-  ing a plurality of different
motor power command nal direction.
signals each in response to a respective motor For example, a motor control
system for pro-     speed command, and controllable supplying ducing
electrical braking typically includes a   25   means for delivering
preselected motor power power coupling element which couples power to
control signals to the motor; means for supplying the motor and a plugging
diode connected across    a plug signal in response to plugging of the the
motor armature. With the vehicle moving in     motor; processor means for
receiving the plug one direction, e.g., forward, a directional control
signal and command signals and delivering switch is changed from a forward
to a reverse   30   motor power control signals to the supplying position,
commonly known as plugging the           means in response to respective
received corn- vehicle. The motor is now energized in the         mand
signals, and means for supplying a current reverse direction but is still
rotating in the forward  signal in response to the magnitude of current
direction and the power coupling element is        passing through the
motor; characterized in that pulsed on at a rate to reduce the speed of the
35   the processor delivers a preselected one of the vehicle. Until the
vehicle slows to substantially  motor power control signals in response to
zero speed, the motor acts as a generator and a    receiving the plug
signal, irrespective of the voltage is developed to forward bias the
plugging  motor power command signal extant, and in that diode and enable
the generated current to circu-   gating means is provided intermediate the
pro- late about the motor armature and plugging   40   cessor means and the
supplying means, for pass- diode. Ultimately, the vehicle will stop and
ing the motor power control signals to the reverse its direction, at which
time the motor     supplying means in response to the current signal ceases
generating current, the plugging diode is   being less than a predetermined
magnitude and no longer forward biased, and the plugging action  blocking
the motor power control signals in ceases.
45   response to the current signal exceeding the US-A-4068153 and
US-A--854076 dis-               predetermined magnitude. close, as means
for supplying a plug signal in       Prior control circuits for electrical
braking do response to plugging of the motor, plug sensors    not include
processor means and are based on which are connected with their input
terminals to  analog designs. The present invention utilizes a resistor in
series to the plugging diode.  so   data processing techniques, is simple
and is According to US-A-3958163 the plug signal        programmable to
meet various design para- is derived from means responsive to a direction
meters. change command for initiating a plugging signal.     For a better
understanding of the present inven- A current limit circuit serves in
combination with  tion, reference may be had to the accompanying a
controlled acceleration circuit as processor   55   drawings, in which:
means for receiving the plug signal and the          Figure 1 is a block
diagram of a motor control motor-speed command signals. These means
system responsive to a plug signal; deliver, via an oscillator, motor power
control      Figure 2 is a partial schematic illustration of an signals to
a power switching circuit which sup-    embodiment of Figure 1; plies the
motor with power. The command signal   60  Figure 3 shows schematically an
overall motor at the output of the controlled acceleration circuit  control
system having the present invention; is limited by the output signal from
the current     Figure 4 is a flowchart used to explain the limit circuit
so that only a preselected one of the  software used with an embodiment of
the present motor power control signals is delivered to the    invention;
and supplying means in response to the receiving of   65  Figure 5 is a
schematized top view of an electric 2 



3                  0 130 980                       4 vehicle including the
motor control system of the  to controllably couple power from a power
sourc present invention.                                 44 (e.g. VBAT) to
the motor 12. When the powe Figure 1 illustrates an apparatus 10 for
control-  coupling means 40 and, particularly, the tran ling the supply of
power to a motor 12 and         sistor 42 is biased on by the pulse train
on the line especially for electrically braking the motor 12.    5    20,
the motor 12 is energized, and when biased off The apparatus 10 includes a
means 88 (Figure 3A)   the motor 12 is deenergized. for generating a
plurality of different motor power  Figure 3 shows the apparatus 10,
including the command  signals each  in response to  a           means 14
for supplying a plug signal, the pro- respective motor speed command. The
apparatus      grammable data processing means 18 and the 10 also includes
a means 14 for sensing a plug-   10   controllable supplying means 22, as
part of an ging condition and for supplying a data or plug    overall motor
control system, shown generally at signal to an output line 16 in response
to plugging  46. Since the principles of the present invention of the motor
12. The apparatus 10 additionally     can be applied to simultaneously
control the includes a programmable data processing means      supply of
power to a plurality of motors, as one 18 for receiving the plug signal and
the command    15   example, a second motor 12', similar to the motor
signals and delivering a preselected one of the     12, is shown, as well
as another means 14' and motor power control signals to an output line 20
another means 22' similar, respectively, to the in response to the received
command signals        means 14 and the means 22. being in a preselected
range and to the receiving    The control system 46 includes a power source
of the plug signal on the line 16. The apparatus 10   20   48, such as a
vehicle battery VBAT', that supplies further includes a controllable
supplying means     power to the motors 12,12' through a line contact 22
for receiving the signal on the line 20 and     50. The motor 12 includes
an armature 52 and a delivering motor power control signals to the
field winding 54 that are in series connection with motor 12 in response to
the signal on the line 20.  a current shunt 56 and the transistor 42 of the
As shown in Figure 2, the plug sensing and data   25   supplying means 22.
A flyback diode 57 is con- signal generating means 14 includes an oper-
nected across the motor 12, as shown and as is ational amplifier 24 having
a non-inverting input  conventional in the art. A plugging diode 58 is (+)
receiving a fixed reference voltage signal via  connected in parallel with
the armature 52, as an input line 26 connected to the apparatus 10
shown, and is forward biased during a plugging common or logic ground. A
voltage divider 30 has   30   condition, as will be further described, in
an input line 32 and an output line 33 leading to  response to which
current flows or circulates the inverting input (-) of the amplifier 24. As
will  about a path including the armature 52, the be further described, in
response to plugging of   plugging diode 58, and the shunt 56. the motor
12, a negative voltage is developed on     Similar components as just
described are used the input line 32. In response, the voltage divider   35
in connection with the energization and power 30 develops a negative
voltage signal on the line  supply control of the motor 12'. This is
indicated 33. Whenever plugging occurs, the voltage signal    by the like
reference numerals showing like com- on the line 33 is negative with
respect to the     ponents, such as the armature 52', the shunt 56', ground
reference on the line 26, resulting in the  the flyback diode 57', and the
plugging diode 58'. amplifier 24 producing a logic 1 or true data signal
40  Note, as one example, that the input line 32 of on the line 16. In the
absence of plugging, plus   the voltage divider 30 and the input line 32'
of the battery voltage is developed on the input line 32.  voltage divider
30' are connected to one side of In response, the voltage divider develops
a posi-  the respective plugging diodes 58, 58'. Thus, the tive voltage
signal on the line 33. Therefore, the  voltage delivered to the input lines
32, 32' is voltage signal on the line 33 is positive with   45   responsive
to whether the respective plugging respect to the ground reference on the
line 26,    diodes 58, 58' are forward or reverse biased. If resulting in
the amplifier 24 producing a logic 0 or  forward biased the respective
motor 12, 12' is false data signal on the line 16.
plugging and the logic 1 data signal on the line 16 The programmable data
processing means 18         or the line 16' is generated. An OR gate 59
gates includes a microprocessor 34 having an input port   50   either logic
1 data signal onto a line 59a con- 36 receiving the data signal on the line
16. The   nected to the input port 36 of the microprocessor microprocessor
34 delivers a respective pre-       34. When both the plugging diode 58 and
the selected motor power control signal in response    plugging diode 58'
are reverse biased, i.e., the to receiving each of the motor power command
motor 12,12' is not plugging, a logic 0 data signal signals in the absence
of the plus signal, i.e., to   55   appears on the lines 16 and 16', and
consequently the logic 0 data signal on the line 16. Further, the  on the
line 59a. microprocessor 34, under software control, gen-      A means 60
for controlling the direction of erates at an output port 38, the
preselected       energization or rotation of the motor 12 is part of
control signal or pulse train on the line 20 in    the control system 46.
The means 60 includes response to receiving the plug signal, i.e., to the
so   normally open forward contacts 62 and 64, logic 1 data signal on the
line 16.                together with normally closed reverse contacts 66
The controllable supplying means 22 includes     and 68 (Figure 3B.
Assuming that the line contact an on-off power coupling means 40 having a
50 is closed, the contacts 62, 64, 66, 68 are in the 



power transistor 42. The power transistor 42 is   state shown, and the
transistor 42 is on, current connected in series with the motor 12, as
shown,   65   flows from the positive side of the power source    5
0 130 980                       6 48, through the line contact 50, the
transistor 42,  64' remain closed, so that the motor 12 and the the field
winding 54, the contact 66, the armature  motor 12' can be energized in the
same, i.e., 52, the contact 68, and the shunt 56 to the         forward
direction. Likewise, under software con- negative side of the power source
48. When the      trol, the microprocessor 34 responds to the logic 1
contacts 62, 64, 66, 68 are in their alternate state,    5    on the line
86 to close or turn on the switch 72', and the transistor 42 is turned on,
current flows   energize the coil 70', and change the state of the from the
positive side of the power source 48       contacts 62', 64', 66', 68'.
Therefore, the reverse through the line contact 50, the transistor 42, the
contacts 66', 68' are closed, the forward contacts field winding 54, the
contact 62, the armature 52,  62', 64' are opened and the reverse contacts
66, the contact 64, and the shunt 56 to the negative   10   68 remain
closed, so that the motor 12 and the side of the power source 48.
motor 12' can be energized in the same, i.e., When a plugging condition
occurs, the arma-       reverse direction. ture 52 acts as a generator. In
response, the         The control system 46 has a means 88 for plugging
diode 58 is forward biased so that         generating a plurality of
different motor power current circulates from one side of the armature   15
command signals, specifically digital numbers, 52 through, for example, the
closed contact 68,     each in response to a respective motor speed the
shunt 56, the diode 58 and the closed contact   command, on an output line
90. For example, the 66 to the other side of the armature 52. The
data produced by the generating means 88 on the current circulates in the
other direction through   line 90 can be 4-bit digital numbers ranging from
the armature 52 with the contacts 62, 64 being    20   0000 to 1111. Each
digital number in the range closed and the contacts 66, 68 being open.
0000-1111 represents a different motor speed The means 60 also includes a
directional con-     command for the motors 12 and 12'. For example, tactor
coils 70 and a switch 72, such as a tran-    numberOO00
representszerospeed, number 1000 sistor, which, when closed or turned on,
results in  represents  half speed  and  number  1111 the energization of
the coil 70 from the power   25   represents full or maximum speed. Under
soft- source 48 (Figure 3B). The coil 70 controls the     ware control, the
microprocessor 34 responds to open-closed states of the contacts 62,
64,66,68 in  the digital numbers on the line 90 by delivering a
conventional manner. Another directional con-     respective preselected
motor power control tactor coil 70' and switch 72' controls the open-
signals, via lines 20 and 20', to the supplying closed states of similar
contacts 62', 64', 66', 68'   30    means 22, 22'. in a like manner.
Therefore, the coils 70, 70' serve  Thus, in the present example, since
there are to control the direction of energization of the     sixteen
digital numbers or command power motors 12,12'. Note that the forward
contacts 62',  signals in the range 0000-1111, there are sixteen 64' are
normally closed and that the reverse        different power control
signals, for example pulse contacts 66', 68' are normally open, which is
the    35   trains, that can be produced on the lines 20 and opposite of
the normal state of the contacts 62,    20' to rotate the motors 12 and 12'
at sixteen 64, 66, 68.                                         different
speeds. The sixteen pulse trains that can The means 60 further includes a
directional       be produced by the microprocessor 34 can each control
switch 74 having a forward position F, a    be different in duty factor, or
proportion of pulse neutral position N, and a reverse position R    40
on-time to pulse off-time. (Figure 3A). With the switch 74 in the neutral
The range of digital numbers from 0000 to 1111 position N, a capacitor 76
is charged via a resistor  in the binary coded decimal format (BCD) is used
77 to a logic 1 from +V and the output of an        only for convenient
illustration and can, of course, inverter 78 on a line 80 is a logic 0, and
a capacitor  be any other suitably coded power representation 82 is charged
via a resistor 83 to a logic 1 from +V    45   having a number of bits
consistent with the and the output of an inverter 84 on a line 86 is a
desired precision, for example, a gray code. logic 0. In response to the
directional control       In one example, the generating means 88 is switch
74 being switched to the forward position    coupled to an accelerator
pedal 92 via a linkage F, the capacitor 76 is discharged through the
94. The generating means 88 includes a trans- resistor 77 and the switch 74
to a logic 0 and the    50   ducer and signal conditioning circuit 96 for
con- output on the line 80 from the inverter 78 is a logic  verting
position information, i.e., motor speed 1 representing the forward
direction. In response   command information, of the accelerator pedal 92
to the directional control switch 74 being          to any one of the
digital numbers 0000-1111 on switched to the reverse position, the
capacitor 82  the line 90. is discharged through the resistor 83 and the
ss   Assume normal operating, i.e., non-plugging, switch 74 to a logic 0
and the output on the line 86  conditions, are in effect. When the
accelerator from the inverter 84 is a logic 1 representing the  pedal 92 is
fully released or not depressed, the reverse direction.
generating means 88 responds to this information Under software control,
the microprocessor 34     by outputting the digital number 0000 on the line
of the data processing means 18 responds to the    60   90. The
microprocessor 34 responds by not pro- logic 1 on the line 80 to close or
turn on the switch  ducing any motor power control signal or pulse 



72, energize the coil 70, and change the state of   train on the lines 20
and 20'. the contacts 62, 64, 66, 68. Therefore, the forward   When the
accelerator pedal 92 is depressed to, contacts 62, 64 are closed, the
reverse contacts    for example, a half speed position, the micro- 66, 68
are opened and the forward contacts 62',  65   processor 34 responds to the
number 1000 on the 4    7                   0  130 980
8 line 90 and to the absence of a plug signal from     amplifier 104 on a
line 108 is responsive to the the means 14,14', by delivering a preselected
one    armature current. An operational amplifier or of the motor power
control signals on the lines 20   comparator 110 has one input (+) coupled
to the and 20' corresponding to this command signal.       line 108.
Another input (-) receives a reference When the accelerator pedal 92 is
depressed to, for    5    voltage signal on a line 112. The reference
voltage example, a full speed  position, the micro-          signal on the
line 112 can be one of two levels, in processor 34 responds to the number
1111 on the     response to whether the motor 12 is being ener- line 90 and
to the absence of the plug signal by     gized under normal operating
conditions or under outputting a pulse train on the lines 20 and 20'
plugging conditions, as will be further described. corresponding to maximum
power.                10      A means 114 for limiting the current through
Assume now, however, that the plugging con-        the motor 12 to a first
preselected maximum dition is in effect. The means 88 continues to
value if the normal operating condition is in effect generate digital
numbers on the line 90 in           and to a second preselected maximum
value if response to the position of the accelerator pedal    the plugging
condition is in effect, produces the 92. However, during the plugging
condition, the    15   reference voltage signal on line 112. The means
microprocessor34 produces only one preselected       114 includes a first
transistor 116 and a first motor power control signal or pulse train on the
potentiometer 118 connected at a common junc- lines 20 and 20'
corresponding. to, for example,     tion 120. The transistor 116 is biased
on and off in minimum power greater than zero, in response to      response
to a control signal on a line 122 from the receiving the plug signal and
any command    20    microprocessor 34. This control signal is pro- power
signal greater than zero.                      duced in response to
receiving the data signal on A two-input NOR gate 98 has a first input
the lines 16 or 16'. This data signal is received via connected to the line
20 and an output coupled by    the OR gate 59 and the line 59a. A second a
line 100 to the supplying means 22. A two-input    potentiometer 124 is
also connected to the junc- NOR gate 98' has a first input connected to the
25   tion 120. A second transistor 117 is connected to line 20' and an
output coupled by a line 100' to the  the first potentiometer 118 and is
biased on and supplying means 22'. The second input to the         off in
response to the same control signal on the gates 98 and 98' is discussed
below. The gates 98   line 122. and 98' pass or do not pass the control
signals on     Under non-plugging operating conditions, the the lines 20
and 20' to the lines 100 and 100' in   30   data signals on the lines 16
and 16' are logic 0. response to the state (logic 0 or logic 1) of the
The microprocessor 34 responds under software second gate 98, 98' input.
control by outputting the control signal on the line Assume the gates 98
and 98' are enabled to         122 to bias on the transistor 116 and bias
off the pass the respective signals on the lines 20 and     transistor 117.
Consequently, the voltage signal at 20'. When the signals or pulses on the
lines 20   35   the junction 120 is the output of the transistor 116. and
20' are high or logic 1, the output of the gate  This reference voltage
signal is coupled via the 98 and the gate 98' on the line 100 and the line
potentiometer 124 to the line 112. During the 100' are low or logic 0. In
response, the supplying  plugging condition, however, the data signal on
means 22 and 22' block the control signals from      one or both of the
lines 16 or 16' is logic 1. The the motors 12 and 12' and turn off the
transistors   40    microprocessor 34 responds by outputting the 42 and
42', thereby deenergizing the motors 12       control signal on the line
122 to bias off the and 12'. When the pulses on the lines 20 and 20'
transistor 116 and bias on the transistor 117. In are low or are logic 0,
the outputs of the gate 98   this condition, the voltage signal at the
junction and the gate 98' on the line 100 and the line 100'   120 is taken
from the potentiometer 118 and are high or logic 1. In response, the
supplying    45   coupled to the potentiometer 124. Therefore, the means 22
and 22' deliver the control signals to the  voltage signal delivered to the
potentiometer 124 motors 12 and 12' by turning on the transistors 42  is at
a level responsive to the setting of the and 42', thereby energizing the
motors 12 and 12'.   potentiometer 118 which is different from the The
control system 46 also includes a means 56    level present during
non-plugging operating con- for supplying a current signal in response to
the    50   ditions. magnitude of current passing through the motor
A latch 126 has a set input "S" connected to the 12, and a blocking means
102 for limiting current    output of the comparator 110 via a line 128. A
flow through the motor 12. The blocking means        reset input "R" of the
latch 126 is coupled to the 102 receives the current signal and the plug
line 20 carrying the control signal or pulse train signal, and limits the
motor 12 current to a first   55   produced by the microprocessor 34 and is
reset preselected maximum magnitude in response to         with each logic
1 or high pulse of the signal. The receiving the plug signal and to a
second pre-       latch 126 has an output "Q" coupled to a line 130,
selected maximum magnitude in response to the        which is one input to
a comparator 132. The other 



absence of the plug signal. The blocking means       input to the
comparator 132 receives a reference 102 also includes the means 98 for
controllably,   so   voltage signal on a line 134 from the output of a
selectively modifying the control signals, as        voltage divider 136.
The output of the comparator discussed below. A differential amplifier 104
has    132 is coupled to a line 138 which is the second inputs 106 coupled
across the shunt 56 to monitor    input to the gate 98. or sense current
flow through the armature 52 of      Current limiting means 102 also
includes corre- the motor 12. The output voltage signal of the    65
sponding components indicated by like reference 5    9                   0
130 980                      10 numerals for limiting current through the
motor      reference voltage signal on the line 112 is adjust- 12'. Only a
single means 114 is needed to provide    able according to the setting of
the potentiometer reference voltage signals on the lines 112 and       118
which means that the preselected maximum 112' and, thereby, limit the
current through the     current allowable through motor 12 during plug-
motors 12 and 12' to one maximum value or    5    ging is adjustable to a
value or magnitude differ- another.
ent from the non-plugging magnitude. The dif- For an example of the
operation of the current     ferential amplifier 104 continues to monitor
the limiting means 102, assume that non-plugging         armature current
of the motor 12 and produce the conditions exist, the transistor 116 is
biased on,   voltage signal on the line 108 and the comparator and a
reference voltage signal is produced on line    10   110 compares this
voltage signal to the adjustable 112. If the current through the armature
52 of the  reference voltage signal on the line 112. As can motor 12 does
not exceed the preselected maxi-       now be appreciated from the previous
discussion, mum value or magnitude, the signal on the line       the gate
98 produces the output on the line 100 108 is less positivethanthe signal
onthe line 112,   that follows the signal on the line 20 when the resulting
in a logic 0 on the line 128. This logic 0 is   15   armature current does
not exceed the preselected latched in the latch 126, which produces a logic
1   value, and produces a constant logic 0 value on the line 130 that is
delivered as one input to the  whenever the armature current exceeds the
pre- comparator 132. Note that each pulse of the pulse   selected value.
The transistor 42 will be biased train on the line 20 resets the latch 126,
but, since  accordingly. a logic 0 remains on the line 128 as long as the
20  It can now also be appreciated that the other preselected maximum
current has not been            components of the current limiting means
102 reached, the latch 126 is continually set to main-   function in the
same manner to monitor and tain the logic 1 voltage signal on line 130.
Since   control the current through the armature 52' of the other input or
reference voltage on the line     the motor 12'. Thus, the output of the
gate 98' on 134 to the comparator 132 is fixed by the voltage    25   the
line 100' biases the transistor 42' in the same divider 136 at a level
lower than the logic 1 on the  manner as the output of the gate 98 on the
line line 130, the output of the comparator 132 on the    100 biases the
transistor 42. line 138 is logic 0 and is delivered to the second     Fig.
4 is a flowchart of a computer program input of the gate 98. Therefore, the
output of the   suitable for controlling the apparatus 10. Only an gate 98
on the line 100 follows the waveform of   30   exemplary software routine
sufficient to imple- the control signal or pulse train on the line 20 and
ment the present invention is described herein. biases on and off the
transistor 42 in response to   Sufficient detail is presented to allow one
skilled that waveform, with a low pulse or logic 0 on the   in computer
programming to write the required line 20 ultimately turning on the
transistor 42 and  program  to implement the flowchart for any a high pulse
or logic 1 turning off the transistor 42    35   common microprocessor. The
program of Figure and resetting the latch 126.                         4
was designed to be run on a microprocessor Assume under normal operating
conditions           produced by MOSTEK Corporation of Carrollton, that the
current through the armature 52 of the      Texas and designated by the
part number 3870. motor 12 exceeds the preselected maximum
Upon beginning the flowchart of Figure 4 at the value resulting in the
signal on the line 108 from    40   block 200 labelled START, program
control pro- the differential amplifier 104 being higher than     gresses
through the following sequence: the reference voltage signal on the line
112 and a     In the block 202 the microprocessor 34 receives logic 1 being
on the line 128. Consequently, the    the information relating to the
accelerator pedal latch 126 stores the logic 1 and produces the logic  92
position or speed demand that is supplied on 0 voltage signal on the line
130 as an input to the    45   the line 90 and the information relating to
the comparator 132. Since the other reference voltage    direction switch
74 position that is supplied on the input to the comparator 132 on the line
134 is      lines 80, 86. The microprocessor 34 then outputs, higher than
this logic 0, the output of the com-    in the block 204, appropriate
control signals to the parator 132 on the line 138 is a logic 1 or current
switches 72,72' to drive the direction contact coils limit control signal.
Therefore, the output of the    so   70, 70' for vehicle 142 operation in
the direction gate 98 on the line 100 remains a logic 0, irrespec-
required by the direction switch 74. tive of the signal on the line 20, and
the transistor  In the block 206, the microprocessor 34 next 42 remains
off.                                      checks the port 36 to determine
if the vehicle 142 Thus, whenever the current exceeds the pre-        is in
a normal, non-plugging operating condition selected   maximum   value  set
by  the    55   or in a plugging condition. If the vehicle 142 is not 



potentiometer 124 for non-plugging operating         plugging, control
passes to the block 208 where a conditions, the transistor 42 is turned off
to stop  signal is output on the line 122 to turn the the current flow
through the motor 12 until the      transistor 116 on and the transistor
117 off, thus current falls below this value. The test as to      setting
the current limit reference voltage at a whether the motor current exceeds
or is less than    60   preselected level. the preselected value is made
with each pulse on       Next, in the block 210, the microprocessor 34 the
line 20 by resetting the latch 126 with each     determines, either by
calculation or from a look- such pulse.
up table stored in memory, appropriate pulse Now assume that the plugging
condition is         train waveforms to output at the ports 38, 38' to
occurring. The transistor 116 is biased off and the    65   operate the
vehicle 142 at the speed demanded by 6    11                  0  130 980
12                 1 the accelerator pedal 92 position. For example, if
ging diodes 58 and 58' are reverse biased. Du the command digital number is
1000, indicating a     the on time of the transistor 42 and the transistor
half motor power requirement, a 50% duty factor      42', current flows
from the power source 48 pulse train will be output by the block 210. Each
through the motors 12, 12' and the shunts 56, 56'. digital command number
between 0000 and 1111    5    During the off time, current does not flow
from will result in a corresponding pulse train duty      the power
source48through the motors 12,12'or factor being output by the block 210.
Control is     the shunts 56, 56', and the plugging diodes 58 and then
transferred back to the block 202 and the       58' remain reverse biased.
process begins anew.                                   Now assume that
electrical braking is to be If, in the block 206, the vehicle 142 is found
to   10   accomplished while, for example, the accelerator have entered the
plugging mode, control pro-         pedal 92 remains depressed to the full
speed ceeds to the block 212 rather than to the block      position. The
directional switch 74 is switched 208. In the block 212 a signal is output
on the line  into the reverse position "R". The microprocessor 122to turn
thetransistor 116 offand the transistor   34 responds to the logic 1 data
signal on the line 117 on, thus setting the current limit reference    15
86 by closing the switch 72' and opening the voltage at a preselected level
that is different from  switch 72. The coil 70' is now energized and the
the level selected in the block 208.                 coil 70 is
deenergized. Therefore, the motors 12 Next, in the block 214, the
microprocessor 34      and 12' are connected for driving the vehicle 142
outputs preselected pulse train waveforms at the    in the reverse
direction. However, since the ports 38, 38' to pulse the motors 12, 12' for
20   vehicle 142 is still moving in the forward direc- plugging without
regard to the accelerator pedal     tion, the plugging condition occurs. 92
position. The exception is for an accelerator       During the plugging
condition, the armatures pedal 92 position demanding zero speed, in
52 and 52' act as generators. The plugging diodes response to which the
motors 12, 12' are not         58 and 58' responsively become forward
biased. pulsed or energized at all. Control then returns to   25   This is
detected by the plug sensing and data the block 202 and the routine is
repeated.           signal generating means 14, 14'. The micro- Figure 5
shows an overall vehicle control          processor 34 receives the logic 1
plug signal on system 140 for an electric vehicle 142, such as an  the line
59a and responds by outputting the electric fork lift truck, having a left
drive wheel 144  control signal or waveform on the line 20 and the and a
right drive wheel 144'. The motor 12 rotates   30   line 20' corresponding
to one preselected motor the drive wheel 144 through a shaft 146 and the
power greater than zero, irrespective of the pre- motor 12' rotates the
drive wheel 144' through a     sence of the maximum  power digital number
shaft 146'. The control system 46 controls the       1111 on the line 90.
For example, this waveform energization and deenergization of the motors 12
corresponds to the minimum  motor power and 12' in the manner previously
described and in   35   greater than zero to slowly brake or stop the
response to the directional control switch 74 and    vehicle 142. the
accelerator pedal 92. Also shown is a steering     During the off time of
the pulses of the pre- wheel 148 and a steerable wheel 150 that is
selected motor speed waveform, the transistors controlled by the steering
wheel 148.                42 and 42' are biased on and energize the motors
In the overall operation of the vehicle 142 and    40   12 and 12' for
reverse drive, with power being the vehicle control system  140, assume,
for         supplied by the power source 48. During the on example, that
the directional control switch 74 is  time of the pulses, and hence
off-time of the in the forward position F, that the accelerator
transistors 42 and 42', power is not supplied by pedal is at a full speed
position, and that the     the power source 48, and the current generated
vehicle 142 is moving in the forward direction.   45   by the armatures 52,
52' circulates through the This constitutes a normal, non-plugging, oper-
respective armatures 52, 52' diodes 58, 58' and ating condition since the
vehicle 142 is moving in   shunts 56, 56'. Ultimately, the vehicle 142 is
the direction called for by the directional control  electrically braked to
a stop and commence mov- switch 74. Also assume that the line contact 50
ing in the reverse direction. Under this condition, has been closed in
response to the energization of   50   the plugging condition ceases, i.e.,
the normal a contactor coil (not shown).                        operating
condition  occurs, in  which  the The microprocessor 34 receives the logic
1         armatures 52 and 52' no longer act as generators 



direction signal on the line 80, the digital com-    and the plugging
diodes 58 and 58' become mand signal number 1111 on line 90 and the logic
reverse biased. Therefore, the microprocessor 34 0 data signal on the line
59a via the gate 59.   55   responds to the logic 0 data signal on the line
59a Responsively, the microprocessor 34 has closed      and the digital
number 1111 on the line 90 by the switch 72 to energize the coil 70 and is
outputting again the corresponding control signal producing the pulse train
or control signal corre-  on the line 20 and the line 20' and accelerates
the sponding to full motor power on the lines 20 and    vehicle 142 up to
full speed in the reverse direc- 20'. As a result, the motors 12 and 12'
are being    60   tion. energized to move the vehicle 142 in the forward
It can now also be appreciated that a similar direction at maximum speed.
normal condition will occur when the vehicle 142 Under this normal
operating condition in which    is being driven in the reverse direction
with the the vehicle 140 is moving in the same direction     switch 74 in
the reverse position R, and a similar called for by the directional switch
74, the plug-   65   plugging condition will occur when the switch 74 7
13                   0  130  980                       14 is moved to the
forward position F. The vehicle 142     3. Apparatus (10) according to
claim 1 or claim 2, is electrically braked to a stop with the preselected
wherein the processor means (18) includes a control signal or pulse train
generated on the line    programmable microprocessor (34). 20 and the line
20', and will thereafter move in the    4. Apparatus (10) according to any
of claims 1 to forward direction at the speed commanded by the  5    3,
wherein the motor (12) includes an armature position of the accelerator
pedal 92 and the           (52) and the means (14) for supplying a plug
signal corresponding  control signal or pulse train          includes a
diode (58) connected in parallel with the generated on the line 20 and the
line 20'.             armature (52), the diode (58) being forward biased
The current limiting means 102 functions during      in response to
plugging of the motor (12). all of the above normal operating and plugging
10    5. Apparatus (10) according to any of claims 1 to conditions to limit
current through the motors 12     4, wherein the supplying means (22)
includes a and 12' to one or the other preselected maximum        power
transistor (42). values specified by the reference voltage signal on the
line 112.                                          Patentanspruche In
summary, the apparatus 10 and overall motor    75 control system 46 utilize
the advantages of digital      1. Vorrichtung (10) zum elektrischen Bremsen
data  processing  and  logic network  design,          eines Motors (12),
wobei die Vorrichtung (10) including the microprocessor 34 and the various
Mittel (88) aufweist zur Erzeugung einer Vielzahl logic gates and latches,
to perform  electrical       von unterschiedlichen Motorleistungsbefehissi-
braking and current limit control during both    20    gnalen jedes infolge
eines entsprechenden Motor- normal operating and plugging conditions. These
geschwindigkeitsbefehls, und steuerbare Versor- components preferably are
manufactured as inte-       gungsrnittel (22) zur Lieferung  vorgewAhIter
grated circuits and provide an overall system that
Motorleistungssteuersignale an den Motor (12); is reliable, cost-effective
and fast. Moreover, the   Mittel (14) zur Lieferung eines Umschaltsignals
microprocessor34is easilyprogrammedto output    25   infolge des
Umschaltens des Motors (12); Pozes- any one control signal or pulse train
on the line 20  sormittel (18) zum Empfang des Umschaltsignals and the line
20' during the plugging condition to     und der BefehIssignale und zur
Lieferung von control the electrical braking. The higher the duty
Motorleistungssteuersignalen  an  die  Versor- factor of this one waveform,
the greater will be the  gungsmittel (22) infolge entsprechender empfan-
power supplied to the motors 12 and 12' and the    30    gener
Befehlssignale, und Mittel (56) zur Lieferung shorter will be the stopping
distance.                eines Stromsignals infolge der Gr6oe des durch den
Motor (12) flieBenden Stroms; dadurch Claims
gekennzeichnet, daB der Prozessor ein vorgewihl- tes
Motorleistungssteuersignal der Motorlei- 1. Apparatus (10) for electrically
braking a motor    35   stungssteuersignale infolge des Empfangs des (12),
the apparatus (10) having means (88) for
Umschaltsignalsliefert,undzwarunabhAngigvon generating a plurality of
different motor power       dem MotorleistungsbefehissignalausmaB und fer-
command signals each in response to a respective       ner dadurch
gekennzeichnet, daB Gattermittel (98) motor  speed  command,  and
controllable             vorgesehen sind zwischen den Prozessormitteln
supplying means (22) for delivering preselected    40   (18) und den
Versorgungsmitteln (22) um  die motor power control signals to the motor
(12);        Motorleistungssteuersignalezu den Versorgungs- means (14) for
supplying a plug signal in response    mitteln (22) zu leiten, und zwar
infolge des kWeiner to plugging of the motor (12); processor means
als eine vorbestimmte Grole seienden Stromsi- (18) for receiving the plug
signal and command        gnals und blockieren der Motorleistungssteuersi-
signals and delivering motor power control    45    gnale infolge des die
vorbestimmte GrdBe Ober- signals to the supplying means (22) in response to
steigenden Stromsignals. respective received command signals, and means
2. Vorrichtung (10) nach Anspruch 1, wobei die (56) for supplying a current
signal in response to    Motorleistungssteuersignale eine Vienzahl von the
magnitude of current passing through the          Impulsfolgen sind mit
entsprechenden Tastver- 



motor (12); characterized in that the processor    50    hiltnissen.
delivers a preselected one of the motor power           3. Vorrichtung (10)
nach Anspruch 1 oder 2, control signals in response to receiving the plug
wobei die Prozessormittel (18) einen program- signal, irrespective of the
motor power command       mierbaren Mikroprozessor (34) aufweisen. signal
extant, and in that gating means (98) is         4. Vorrichtung (10) nach
einem der Anspruche 1 provided intermediate the processor means (18)   55
bis 3, wobei der Motor (12) einen Anker (52) and the supplying means (22),
for passing the         aufweist und die Mittel (14) zur Lieferung eines
motor power control signals to the supplying          Umschaltsignals eine
Diode (58) aufweisen, die means (22) in response to the current signal
being    parallel zum Anker (52) geschaltet ist und die less than a
predetermined magnitude and block-        infolge des Umschaltens des
Motors (12) in Vor- ing the motor power control signals in response to
60    wdrtsrichtung vorgespannt ist. the current signal exceeding the
predetermined          5. Vorrichtung (10) nach einem derAnspruche 1
magnitude.                                            bis 4, wobei die
Versorgungsmittel (22) einen 2. Apparatus (10) according to claim 1,
wherein      Leistungstransistor (42) aufweisen. the motor power control
signals are a plurality of pulse trains having respective duty factors.
65 8    13                  0  130 980                      14 is moved to
the forward position F. The vehicle 142   3. Apparatus (10) according to
claim 1 or claim 2, is electrically braked to a stop with the preselected
wherein the processor means (18) includes a control signal or pulse train
generated on the line  programmable microprocessor (34). 20 and the line
20', and will thereafter move in the  4. Apparatus (10) according to any of
claims 1 to forward direction at the speed commanded by the    5    3,
wherein the motor (12) includes an armature position of the accelerator
pedal 92 and the        (52)andthemeans(14)forsupplyingaplugsignal
corresponding control signal or pulse train         includes a diode (58)
connected in parallel with the generated on the line 20 and the line 20'.
armature (52), the diode (58) being forward biased The current limiting
means 102functions during    in response to plugging of the motor (12). all
of the above normal operating and plugging    to  5. Apparatus (10)
according to any of claims 1 to conditions to limit current through the
motors 12   4, wherein the supplying means (22) includes a and 12' to one
or the other preselected maximum     power transistor (42). values
specified by the reference voltage signal on the line 112.
Patentanspruche In summary, the apparatus 10 and overall motor   75 control
system 46 utilize the advantages of digital   1. Vorrichtung (10) zum
elektrischen Bremsen data processing  and logic network design,
eines Motors (12), wobei die Vorrichtung (10) including the microprocessor
34 and the various     Mittel (88) aufweist zur Erzeugung einer Vielzahl
logic gates and latches, to perform  electrical     von unterschiedlichen
Motorleistungsbefehlssi- braking and current limit control during both   20
gnalen jedes infolge eines entsprechenden Motor- normal operating and
plugging conditions. These     geschwindigkeitsbefehis, und steuerbare
Versor- components preferably are manufactured as inte-     gungsrnittel
(22) zur Lieferung vorgewahiter grated circuits and provide an overall
system that  Motorleistungssteuersignale an den Motor (12); is reliable,
cost-effective and fast. Moreover, the  Mittel (14) zur Lieferung eines
Umschaltsignals microprocessor34iseasilyprogrammedtooutput   25   infolge
des Umschaltens des Motors (12); Pozes- any one control signal or pulse
train on the line 20  sormittel (18) zum Empfang des Umschaltsignals and
the line 20' during the plugging condition to   und der Befehissignale und
zur Lieferung von control the electrical braking. The higher the duty
Motorleistungssteuersignalen  an  die Versor- factor of this one waveform,
the greater will be the  gungsmittel (22) infolge entsprechender empfan-
power supplied to the motors 12 and 12' and the    30   gener
Befehissignale, und Mittel (56) zur Lieferung shorter will be the stopping
distance.              eines Stromsignals infolge der Grole des durch den
Motor (12) fliegenden Stroms; dadurch Claims
gekennzeichnet, daB der Prozessor ein vorgewahl- tes
Motorleistungssteuersignal der Motorlei- 1.Apparatus (10) forelectrically
braking a motor   35   stungssteuersignale infolge des Empfangs des (12),
the apparatus (10) having means (88) for      Umschaltsignals liefert,
undzwar unabhingig von generating a plurality of different motor power
dem Motorleistungsbefehlssignalausmag und fer- command signals each in
response to a respective    ner dadurch gskennzeichnet, daB Gattermittel
(98) motor  speed  command, and  controllable            vorgesehen sind
zwischen den Prozessormitteln supplying means (22) for delivering
preselected    40   (18) und den Versorgungsmitteln (22) um die motor power
control signals to the motor (12);      Motorleistungssteuersignale zu den
Versorgungs- means (14) for supplying a plug signal In response  mitteln
(22) zu leiten, und zwar infolge des kleiner to plugging of the motor (12);
processor means      als eine vorbestimmte Grole seienden Stromsi- (18) for
receiving the plug signal and command      gnals und blockieren der
Motorleistungssteuersi- signals and delivering motor power control   45
gnale infolge des die vorbestimmte GroGe uber- signals to the supplying
means (22) in response to  steigenden Stromsignals. 



respective received command signals, and means        2. Vorrichtung (10)
nach Anspruch 1, wobei die (56) for supplying a current signal in response
to  Motorleistungssteuersignale eine Vielzahl von the magnitude of current
passing through the        Impulsfolgen sind mit entsprechenden Tastver-
motor (12); characterized in that the processor   50   haltnissen. delivers
a preselected one of the motor power         3. Vorrichtung (10) nach
Anspruch 1 oder 2, control signals in response to receiving the plug
wobei die Prozessormittel (18) einen program- signal, irrespective of the
motor power command     mierbaren Mikroprozessor (34) aufwelsen. signal
extant, and in that gating means (98) is       4. Vorrichtung (10) nach
einem der Anspruche 1 provided intermediate the processor means (18)   58
bis 3, wobei der Motor (12) einen Anker (52) and the supplying means (22),
for passing the       aufweist und die Mittel (14) zur Lieferung eines
motor power control signals to the supplying        Umschaltsignals eine
Diode (58) aufweisen, die means (22) in response to the current signal
being  parallel zum Anker (52) geschaltet ist und die less than a
predetermined magnitude and block-      infolge des Umschaltens des Motors
(12) in Vor- ing the motor power control signals in response to   60
wartsrichtung vorgespannt ist. the current signal exceeding the
predetermined        5. Vorrichtung (10) nach einem derAnspruche 1
magnitude.                                          bis 4, wobei die
Versorgungsmittel (22) einen 2. Apparatus (10) according to claim 1,
wherein   Leistungstransistor (42) aufweisen. the motor power control
signals are a plurality of pulse trains having respective duty factors.  65
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16 Revendications                                       donnees (18) et des
moyens d'alimentation (22) pour laisser passer les signaux de contr6le du
1. Appareil (10) pour r6aliser le freinage electri-  courant d'alimentation
du  moteur vers les que d'un moteur (12), I'appareil (10) comprenant
moyens d'alimentation (22) en reponse au signal des moyens (88) de
generation d'une pluralite de    5    de courant inferieur A une grandeur
predetermi- signaux differents de commande de courant d'ali-     n6e et
pour bloquer les signaux de controle du mentation moteur, chacun en reponse
a une            courant d'alimentation du moteur en r6ponse A commande
respective de la vitesse du moteur, et      un signal de courant superieur
a la grandeur des moyens d'alimentation contr6lables (22) des-
pr6determinee. tines a envoyer au moteur (12) des signaux    10       2.
Appareil (10) selon la revendication 1, dans preselectionnes de contr6le du
courant d'alimen-     lequel les signaux de contr6le de puissance d'ali-
tation du moteur; des moyens (14) destines A         mentation du moteur
sont constitus d'une plura- fournir un signal FCC en reponse au freinage
par     litO de trains d'impulsions presentant des coeffi- contre-courant
du moteur (12); des moyens de         cients d'utilisation respectifs.
traitement de donnees (18) destines 3 recevoir le   15  3. Appareil (10)
selon la revendication 1 et la signal FCC et les signaux de commande et a
revendication 2, dans lequel les moyens de traite- envoyer des signaux de
contrdle du courant           ment de donnees (18) comprennent un micropro-
d'alimentation du moteur au moyen d'alimenta-        cesseur programmable
(34). tion (22) en reponse a des signaux de commande         4. Appareil
(10) selon l'une quelconque des respectifs regus, et des moyens (56)
destines A    20   revendications 1 a 3, dans lequel le moteur (12) fournir
des signaux de courant en reponse a          comprend une armature (52) et
les moyens (14) l'importance du courant circulant dans le moteur
destines a fournir un signal de freinage par contre (12); caracterise en ce
que le processeur fournit    courant comprennent une diode (58) reliee en
un signal preselectionne parmi des signaux de        parallele avec
l'armature (52), la diode (58) etant contrdle du courant d'alimentation du
moteur en    25    polarisee en sens direct en reponse au freinage reponse
a la reception d'un signal FCC, indepen-     par contre courant du moteur
(12). damment du signal existant de commande du              5. Appareil
(10) selon l'une quelconque des courant d'alimentation du moteur, et en ce
que       revendications 1 A 4, dans lequel les moyens des moyens de
declenchement periodique (98)          d'alimentation (22) comprennent un
transistor de sont prevus entre des moyens de traitement de    30
puissance (42). 35 I *fllcl Iia II  IIID  110I L M   S * 45 50 55 60 65    


