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(57) Abstract L2 '

Motor control circuits having solid-state switching elements are commonly used on industrial vehicles such as lift
trucks. A short circuit condition in the motor circuit can cause catastrophic failure of the semiconductor switching ele-
ment. The instant invention detects such a short circuit condition and modifies the motor control signals supplied by a
chopper circuit (30) to a switching element (26). The apparatus (10) includes a trigger circuit (36) for receiving the motor
control signals and sensing a voltage across the motor (16) produced in response to electrical power delivered from a pow-
er supply (12).
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Description

Apparatus and Method For
Protecting A Motor Control Circuit

Technical Field

This invention relates generally to an
apparatus and method for detecting a shorted condition
of an electrical circuit, and, more particularly, to an
apparatus and method for protecting an electrical motor
control circuit from damage caused by a shorted circuit

component.

Background Art

Various motorized systems in use today include
an electric motor powered by a battery or other source
of electrical energy. The speed of the electric motor
is commonly controlled by supplying power from the
power source to the motor through a serially connected
solid-state switching element. The switching element
can be, for example, a transistor or silicon controlled
rectifier. The switching element is typically pulse
controlled by a signal chopper of conventional design.

In such systems, various circuit elements are
commonly connected in parallel with the motor. A short
circuit condition in one of these circuit elements can
lead to excessive current flow through the switching"
element. Owing to the fact that such switching
elements are designed for specific maximum current
flows, the excessive current flow caused by a short
circuit condition is likely to damage the switching
element.

In a typical motor control circuit, the power
source is connected through a transistor swiﬁching

element to one side of the motor, with the other side
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of the motor being connected to the opposite pole of
the power source. A flyback diode is typically
connected across the combined field and armature of the
motor to form a circulating current path for motor
current during the period of time that the switching
element is turned "off". The flyback diode is
subjected to particularly difficult operating
conditions, and occasionally fails as a result of being
overstressed during operation. A shorted flyback diode
causes excessive current to flow from the power source,
through the switching element and the shorted diode,
back to the opposite pole of the power source. Such
extreme magnitudes of current flow are known to quickly
destroy the solid-state switching element.

"It is desirable to sense the presence of such
a short circuit condition and exercise appropriate
control strategies in the event such a short circuit
condition is detected. It is known, for example, to
sense a short circuit condition by monitoring the
magnitude of current flowing through a shunt in series
with the motor in a meter control circuit, and to
interrupt the flow of current in the event it becomes
excessive. However, in some situations it is not
desirable to interpose a current. shunt in the motor
control circuit, and in any event, a shunt in series
with the motor cannot detect a shorted flyback diode.
Likewise, it may be undesirable to shut down the motor
control circuit permanently as it is possible that the
short circuit condition is only temporary and that the
motor control circuit can resume proper operation after
a temporary interruption.

The present invention is directed to over-

coming one or more of the problems as set forth above.

»
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Disclosure of the Invention

In one aspect of the present invention, an
apparatus for sensing a short circuit condition of a
motor control circuit is provided. The apparatus
includes a power supply for providing a source of
electrical power, and a motor connected across the
power source. A chopper controllably produces motor
control signals. A switching element receives the
motor control signals and responsively delivers
electrical power from the power source to the motor.
The switching element is serially connected between the
motor and the power source. A trigger circuit also
receives the motor control signals, senses a voltage
across the motor produced in response to the delivered
electrical power, and controllably produces a trigger
signal in response to receiving the motor control
signals and failing to sense the produced motor
voltage. An inhibit circuit‘controllably modifies the
motor control signals in response to receiving the
produced trigger signal.

In a second aspect of the present invention, a
method for sensing a short circuit condition of a motor
control circuit is provided. The motor control circuit
includes a source of electrical power, a motor
connected across the power source, a chopper circuit
for controllably producing motor control signals, and a
switching element for receiving the motor control
signals and responsively delivering electrical power
from the power source to the motor. The switching
element is serially connected between the motor and the
power source. The method comprises the steps of
receiving the motor control signals and sensing the
voltage across the motor produced in response to the
delivered electrical power. 1In response to receiving
the motor control signals and failing to sense the
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produced motor voltage, a trigger signal is produced,
and the motor control signals are controllably modified
in response to the trigger signal.

The present invention provides a fast reacting
circuit for protecting a motor control. The circuit
advantageously requires no serial current measuring
device in the motor circuit, and is capable of
discriminating between a continuous short circuit

condition and a temporary short circuit condition.

Brief Description of the Drawings

For a better understanding of the present
invention, reference may be made to the accompanying
drawings, in which:

Fig. 1 is a schematic diagram of a motor
control system incorporating an embodiment of the
present invention; and ,

Figs. 2 and 3 are illustrative waveforms used

to explain the operation of the circuit shown in Fig. 1.

Best Mode For Carrying Out the Invention

Referring first to Fig. 1, an apparatus
embodying certain of the principles of the present
invention is generally indicated by the referenée
numeral 10. It should be understood that the following
detailed description relates to the best presently
known embodiment of the apparatus 10. However, the
apparatus 10 can assume numerous other embodiments, as
will become apparent to those skilled in the art,
without departing from the appended claims.

The apparatus 10 includes a power supply means
12, for example, a battery 14, for providing a source
of electrical power. A motor 16 having an armature 18
and a field 20 is connected across the power supply

means 12. The motor 16 is, for example, a pump motor
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used to operate an hydraulic pump in an industrial
vehicle such as a 1lift truck. A flyback diode 22 is
connected across the series combination of armature 18
and field 20. Some motor circuits also include a
plugging diode 24 connected across the motor armature
18.

A switch means 26 is serially connected
between the power supply means 12 and the motor 16.

The switch means 26 is preferably a solid-state switch,
for example, a high power transistor 28, having a
collector connected to one terminal of the power supply
means 12 and an emitter connected to the motor 16. A
chopper means 30 controllably produces motor control
signals, for example, a time modulated pulse train
signal. The pulse modulated motor control signals are
ultimately delivered from the chopper means 30 to a
base terminal of the transistor 28.

In a typical embodiment, a speed command is
supplied to the chopper means 30 from a speed command
means 32. The time modulated motor control signals are
produced responsive to the speed command signal, and
the switch means 26 is responsively turned on and off
to vary the speed of the motor 16. In the preferred
embodiment, the chopper means 30 is an integral part of
a computer 34. It is known in the art to produce time
modulated signals utilizing a microprocessor or other
form of computer in this manner. It is also known to
provide equivalent chopper means via conventional hard
wired circuitry.

A trigger means 36 receives the motor control
signals, senses a voltage across the motor 16 produced
in response to the delivered electrical power, and
controllably produces a trigger signal in response to
receiving the motor control signals and to failing to
sense the produced motor voltage. An inhibit means 38

then controllably modifies the motor control signals in
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response to receiving the trigger signal. The trigger
means 36 includes a first logic gate 40. The logic
gate 40 has a first input terminal 42 connected through
a resistor 44 to the junétion of the switch means 26
and the motor 16. A second resistor 46 is connected
from the first input terminal 42 of the first logic
gate 40 to circuit ground.

The first logic gate 40 also has a second
input terminal 48 connected through a time delay
circuit 50 to the inhibit means 38. The time delay
circuit 50 includes a capacitor 52 connected from the
second input terminal 48 to circuit ground. A diode 54
is also connected to the second input terminal 48 and
is connected in series with a resistor 56. The
combination of the diode 54 and resistor 56 are
connected in parallel with a resistor 58. Finally, the
first logic gate 40 has an output terminal 60. The
first logic gate 40 is, for example, a two input NOR
gate of conventional design.

The inhibit means 38 includes a latch 62. In
the preferred embodiment, the latch 62 is an R/S flip-
flop composed of dual cross-coupled NOR gates. A first
input terminal 64 of the latch 62 is connected to the
output terminal 60 of the first logic gate 40 through a
resistor 65, and is also connected through a capacitor
66 to circuit ground. A second input terminal 68 is
connected to a clock means 70. The clock means 70
periodically produces a reset signal, and the inhibit
means 38 ceases to modify the mode of control signals
in response to receiving the clock signal in the
absence of the trigger signal. The clock means 70 is,
for example, a portion of the microprocessor 34. The
clock means 70 can also be implemented as an individual
hard wired circuit. The latch 62 also includes an

output terminal 72.
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The inhibit means 38 also includes a second
logic gate 74 having a first input terminal 76
connected to the latch output terminal 72. A second
input terminal 78 is connected to the chopper means 30,
and an output terminal 80 is connected to the base of
the switch means 26 and to the second input terminal 48
of the first logic gate 40 through the time delay
circuit 50, The second logic gate 74 is, in the
preferred embodiment, a two input NAND gate of
conventional design. '

The ratings and values discussed above with
respect to the various electrical elements are for
exemplary purposes only. Alterations of the circuit
and the use of electrical elements of different
constructions or ratings will be readily apparent to
those skilled in the art. Such alterations or
substitutions can be implemented without departing from
the appended clainms.

Industrial Applicability

Operation of the instant invention is best
described in conjunction with its use in a typical
industrial application, for example, in association
with an hydraulic pump motor of an industrial 1lift
truck. The speed requirements of such a pump motor
typically vary according to the functions being
performed at any point in time by the hydraulic
circuitry. For example, power steering requires a
relatively low pump motor speed as opposed to elevation
cf the mast which can require a relatively fast motor
speed. The variety of different motor speeds is
typically controlled by a chopper control circuit, for
example, the chopper means 30, which produces a time
duration modulated pulse control signal in a

conventional manner. This pulse control signal is

PCT/US86/00079
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utilized to rapidly switch "on" and "off" a switching
element, for example, the switch means 26.
Responsively, power is delivered from a power supply to
the motor in a series of current pulses, with the mean
power delivered over a period of time determining the
speed at which the motor operates.

A plurality of test points, labeled TP1-TP6,
are indicated on the schematic diagram of Fig. 1.
Representative waveforms found at each of these test
points under various operating conditions are set forth
in Figs. 2 and 3. In the case of waveforms
representing signals at points in the circuit having
significant reactance, for example TP4-TP6, the actual
DC waveforms are omitted and only the logic switching
waveforms are shown for clarity and ease of
understanding. The exact switching voltage of the
various logic components varies with the components
selected, and for this discussion is assumed to be
approximately 50% of the supply voltage. Reference to
the waveforms and to Fig. 1 throughout the following
discussion will be of value.

The waveforms of Fig. 2 are representative of
a normal operating condition of the chopper and motor
circuit. Motor control signals produced by the chopper
means 30 are delivered to the second logic gate 74 at
the second input terminal 78. This is depicted at TPl
in Fig. 2. These motor control signals are normally.
delivered to the switch means 26, as seen at TP3. The
motor control signals are readily transferred through
the second logic gate 74 so long as the signal at TP2
is "high" throughout the period that the motor control
signal at TPl is "high".

The signal at TP3 is also delivered through
the time delay means 50 to the second input terminal 48
of the first logic gate 40, as shown at TP5. ‘The

T
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signal at the first input terminal 42 of the first
logic gate 40, as shown at TP4, is responsive to the
voltage developed across the motor 16 and its parallel
connected circuit components, for example, the flyback
diode 22. The voltage magnitude of the signal at TpP4
is reduced by the voltage divider comprised of a pair
of resistors 44,46. This voltage divider is a level
shifting device for producing a suitable logic level
signal from the voltage present across the motor 16.
The value of the resistors 44,46 is selected to deliver
a logic "high" signal at TP4 in response to
substantially full battery voltage across the motor 16,
and a logic "low" signal in response to less than
substantially full battery voltage across the motor
1l6. So long as both input terminals 42,48 of the first
logic gate 40 are not simultaneously "low", the output
terminal 60 remains "low" at TP6, and the latch 62 is
not set. Owing to the reset signal being produced by
the clock means 70 and periodically delivered to the
reset terminal 68 of the latch 62, the latch 62 is
maintained in the reset condition, and the output
signal delivered to the second logic gate 74 remains
"high".

The reset signal is delivered from the clock
meané 70 at periodic intervals of, for example, 10
milliseconds. 1In the preferred embodiment, the motor
16 is pulsed at a maximum rate of 7800 hertz. Assuming
a minimum pulse duty factor of 8 microseconds, the 10
millisecond reset pulse insures that a short circuit
condition is adequately protected against, while
providing a reasonably short reset time interval.

Referring now to the waveforms shown in Fig.
3, a short circuit condition is described. 1In
response, for example, to a shorted flyback diode 22,

the resistance between the switching element 26 and
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circuit ground is considerably reduced from normal
operating conditions. Consequently, the voltage across
the pair of voltage divider resistors 44,46 is reduced
sufficiently to produce a logic "low" signal at the
input terminal 42 of the first logic gate 40, shown at
TP4. Responsively, the first logic gate 40 delivers a
logic "high" signal to the first input terminal 64 of
the latch 62. In turn, the latch 62 delivers a logic
"high" signal to the first input terminal 76 of the
second logic gate 74. This logic "high" signal
interrupts or blocks the motor control signal from the
chopper means 30 and prevents it from continuing to be
delivered, at TP3, to the switch means 26. Therefore,
the switch means 26 is turned "off" before the
excessive current flowing through the shorted flyback
diode 22 can damage the transistor 28 and associated
components.

Periodically, for example, approximately every
10 milliseconds, a reset signal is delivered by the
clock means 70 to the second input terminal 68 of the
latch 62, and the motor control signal from the chopper
means 30 is again delivered to the switch means 26; If
the short circuit condition was temporary and no longer
exists, circuit operation returns to normal and the
waveforms shown in Fig. 2 again apply. However,
assuming that the short circuit condition continues to
exist, only a brief current pulse is supplied by the
switch means 26 before the motor control signals are
again inhibited by the second logic gate 74.
Therefore, the apparatus. 10 quickly detects a short
circuit condition in the motor circuit and prevents
damage to the switch means 26 and associated circuitry.

Other aspects, objects, advantages, and uses
of this invention can be obtained from a study of the
drawings, the disclosure, and the appended claims.
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Claims

1. Apparatus (10) for sensing a short circuit
condition of a motor control circuit, comprising:

power supply means (12) for providing a source
of electrical power;

a motor (16) connected across said power
supply means (12);

chopper means (30) for controllably producing
motor control signals;

switch means (26) for receiving said motor
control signals and delivering electrical power from
said power supply means (12) to said motor (16) in
response to said received motor control signals, said
switch means (26) being serially connected between said
motor (16) and said power supply means (12);

trigger means (36) for receiving said motor
control signals,  sensing a voltage across said motor
(16) produced in response to said delivered electrical
power, and controllably producing a trigger signal in
response to receiving said motor control signals and
failing to sense said produced motor voltage; and

inhibit means (38) for controllably modifying
said motor control signals in response to receiving

said trigger signal.

2. Apparatus (10), as set forth in claim 1,
including clock means (70) for periodically producing a
reset signal, and wherein said inhibit means (38)
ceases to modify said motor control signals in response
to receiving said clock signal in the absence of said

trigger signal.

3. Apparatus (10), as set forth in claim 2,
wherein said trigger means (36) includes a first logic

gate (40) having a first input terminal (42) connected

PCT/US86/00079
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to the junction of said switch means (26) and said
motor (16), a second input terminal (48) connected to
said inhibit means (38), and an output terminal (60),
and said inhibit means (38) includes a latch (62)
having a first input terminal (64) connected to said
first logic gate output'terminal'(GO), a second input
terminal (68) connected to said clock means (70), and
an output terminal (72), and a second logic gate (74),
having a first input terminal (76), connected to said
latch output terminal (72), a second input terminal
(78) connected to said chopper means (30), and an
output terminal (80) connected to said switch means
(26) and said first logic gate second input terminal
(48). '

4. Apparatus (10) for sensing a short circuit
condition of a motor control circuit, comprising:

a battery (14) having first and second battery
poles;

a transistor (28) having an emitter terminal,
a base terminal, and a collector terminal connected to
one of said battery first and second poles;

a motor (16) having a first motor terminal
connected to the other of said battery first and second
poles, and a second motor terminal connected to said
transistor emitter terminal:; .

chopper means (30) for controllably producing
motor control signals;

clock means (70) for periodically producing a
reset signal;

a first logic gate (40) having a second input
terminal, an output terminal, and a first input
terminal (42) connected to said transistor emitter

terminal;
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a latch (62) having an output terminal, a
first input terminal (64) connected to said first logic
gate output terminal (60), and a second input terminal
(64) connected to said clock means (70); and

a second logic gate (74) having a first input
terminal (76) connected to said latch output terminal
(72), a second input terminal (78) connected to said
chopper means (30), and an output terminal (80)
connected to said transistor base terminal and said

first logic gate second input terminal (48).

5. A method for sensing a short circuit
condition of a motor control circuit, said motor
control circuit including a source of electrical power
(12), a motor (16) connected across said power source
(12), chopper means (30) for controllably producing
motor control signals, and switch means (26) for
receiving said motor control signals and responsively
delivering electrical power from said power source (12)
to said motor (16), said switch means (26) being
serially connected between said motor (16) and said
power source (12), comprising the steps of:

receiving said motor control signals;:

sensing the voltage across said motor (16)
produced in response to said delivered electrical power:;

controllably producing a trigger signal in
response to receiving said motor control signals and
failing to sense said produced motor voltage; and

controllably modifying said motor control

signals in response to said trigger signal.

6. A method, as set forth in claim 5,
including the steps of:

periodically producing a reset signal; and

ceasing to modify said motor control signals
in response to receiving said reset signal in the

absence of said trigger signal.

PCT/US86/00079
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