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(57) Abréegée/Abstract:

Monitoring apparatus (10) Is for monitoring a parameter, such as a drive current to a motor (12). Motor current flows through a
series resistor (16) which provides a voltage signal at (18) which varies Iin response to variations in the motor current. An analysis
circuit (22) i1s operable to analyse the rate of change of the voltage (18) and to provide an alarm signal at (24) in the event that the
rate of change continues In excess of predetermined rate for a period in excess of a predetermined time. The alarm signal at (24)
could, for example, be used to indicate that an automatic door being driven by the motor has been blocked by a person or object
which could be Injured or damaged.
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g (§7) Abstract: Monitoring apparatus (10) is for monitoring a parameter, such as a drive current to a motor (12). Motor current flows

- through a series resistor (16) which provides a voltage signal at (18) which varies in response to variations in the motor current. An
analysis circuit (22) is operable to analyse the rate of change of the voltage (18) and to provide an alarm signal at (24) in the event

o that the rate of change continues in excess of predetermined rate for a period in excess of a predetermined time. The alarm signal at

a (24) could, for example, be used to indicate that an automatic door being driven by the motor has been blocked by a person or object
which could be injured or damaged.
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Monitoring Apparatus

The present invention relates to monitoring apparatus and in particular,
but not exclusively, to apparatus for monitoring electrical current, such as drive

current for an electric motor.

In many situations, it is necessary to monitor drive current to an electric
motor, for instance to check for faults or other operating problems. In the case
of an electrically driven door, for instance, it is desirable to detect an
obstruction, in view of the possible safety implications. It has previously been

- proposed to monitor motor current in order to detect an obstruction.

The present invention provides monitoring apparatus for monitoring a
parameter, comprising signal generating means operable to provide a signal
which varies in response to variations in the parameter being monitored, and
analysis means operable to analyse the rate of change of the value and to
provide .an alarm signal in the event that the rate of change continues in excess

of a predetermined rate for a period in excess of a predetermined time.

Preferably the parameter is an electrical current. The parameter may be

d INotor current.

The signal is preferably a voltage derived from the parameter. The
parameter may be a current flowing through an impedance to create a voltage.

The voltage may be derived by means of a sensefet device.

The apparatus may include sensor means operable to provide to the
analysis means a digital signal representing the value. The analysis means is
preferably operable to store periodically the value of the signal, and to analyse
the rate of change by reference to a sequence of stored values. The analysis
means may include a microprocessor or microcontroller programmed to
perform analysis as aforesaid.
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Alternatively, the analysis means may include differentiator means
operable to differentiate the signal. Preferably comparator means are provided,
operable to compare the output of the differentiator means with a threshold value.
Timer means may be provided to measure the length of time for which the output

of the differentiator means exceeds a threshold value.

Accordingly, 1n one aspect, the present invention provides a monitoring
apparatus for monitoring electrical drive current for an electric motor, comprising
signal generating means operable to provide a signal which varies in response to
variations 1n the drive current, and analysis means operable to analyze the signal

to determine the rate of change of the drive current and to provide an alarm signal
in the event that the rate of change of the drive current continues to be 1 excess of

a predetermined rate for a period which is in excess of a predetermined time.

Examples of the present invention will now be described in more detail, by

way of example only, and with reference to the accompanying drawings, in

which:

Fig. 1 1s a schematic circuit diagram of a first embodiment of the present

Invention;

Figs. 2 and 3 are schematic block diagrams of analysis means for use in the

arrangement of Figs. 1 or 4; and
Fig. 4 1s a schematic circuit diagram of a second embodiment.

Fig. 1 1illustrates monitoring apparatus 10 for monitoring a parameter
which, 1n this example, 1s drive current to a motor 12, the current flowing between

supply rails 14. Motor current flows through a series resistor 16 which provides a
voltage signal at 18, varying in response to variations in the current through the
resistor 16, and hence through the motor 12. The voltage signal at 18 is filtered by
an RC filter at 20 before reaching an analysis circuit 22. The details of the

analysis circuit 22 will be described below. The circuit 22 1s operable to analyse
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the rate of change of the voltage signal 18 and to provide an alarm signal at 24 in
the event that the rate of change continues 1n excess of a predetermined rate for a

period i excess of a predetermined time.

In more detail, the motor 12 may be, for example, a drive motor driving a
door, shutter or other access control mechanism, allowing the mechanism to be
opened or closed. Motor current 1s controlled by a device at 26, which may be a

MOSFET power transistor having a gate 28 controlled by a control circuit 30
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order to control the drive current to the motor 12. Details of the manner in
which the control circuit 30 operates do not themselves form part of the

present invention.

Motor current flows through the channel of the transistor 26, with which
the resistor 16 is in series, so that the voltage at 18 rises and falls with the
motor current. This voltage signal will, in many practical situations, exhibit
noise. The purpose of the filter 20 is to reduce or eliminate noise which could
affect the operation of the analysis circuit 22. The filter 20 is shown as a simple
RC filter, but many other filter designs could be used, according to the nature of
the expected noise, and the sensitivity of the analysis circuit. Filtering may be
dispensed with, if the voltage signal at 18 is not expected to exhibit noise but it
is expected that in practice, filtering is likely to be required.

Two examples of analysis circuits 22A,22B are illustrated in Figs. 2 and 3.
Each receives an input at 32, which is the voltage signal at 18, filtered. Each
circuit 22A,B is operable, when appropriate, to issue an alarm signal at the
output 24. The circuit 22A of Fig. 2 provides analysis in a digital manner,
whereas the circuit 22B of Fig. 3 provides analysis in an analogue manner.

- In the circuit 22A, the input 32 is received by an analogue-to-digital
converter 34 which passes a digital representation of the voltage at 32 to the
principal analysis circuit 36, which may be a microprocessor or microcontroller
running under appropriate software control. It will be readily apparent to the
skilled reader that some or all of the functions illustrated by discrete blocks in
Fig. 2 could be implemented within the microprocessor 36, or by discrete
circuits, or the complete circuit 22A could be implemented by discrete circuits.

The microprocessor 36 analyses the values received from the converter
34, periodically recording the reported value in memory 38, the microprocessor
36 being provided with appropriate timing signals by a clock circuit 40.
Additional memory at 42 records two values required by the microprocessor 36
in the course of its analysis. The first of these values is a threshold value for
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the rate of change of the value reported by the converter 34. The second value

is a threshold value for a period of time.

When the circuit 22A is in use, motor current 12 will vary according to
working conditions. For instance, motor current may be high when door .
movement is initiated, until inertia in the system is overcome. The current may
also change as the door opens, according to the torque required at various
stages of the door movement. As these changes occur, the voltage signal 18 will
rise or fall and thus, the digital values reported to the microprocessor 36 by the
converter 34 will be a series representing the rising or falling signal 18. In
many applications of the motor 12, during normal use, variations in the voltage
signal 18 will be expected and may be quite wide. However, they will be
relatively slow or short-lived. For instance, torque requirements arising from
the motion of the door will steadily change as the door moves through its range
of motion and thus produce a slowly changing voltage signal 18. A feature such
as a bump on a track along which the door is moving, may give rise to a
significant increase in torque requirement (and thus motor current), but only
for a brief period of time, until the bump has been negotiated.

In the event that a change in torque demand is experienced, the
microprocessor 36 will record a changing series of values in the memory 38.
Consequently, by analysing a series of values stored in the memory 38, the
microprocessor 36 can calculate the rate of change over a particular period and
compare this with a threshold rate of change recorded in the memory 42. An
appropriate choice of the value stored in the memory 42 will ensure that during
normal use of the door, expected torque changes will not result in a rate of
change which is in excess of the predetermined rate stored in the memory 42.

In the event that a bump on the track is encountered, the torque change
may be significant and thus, the microprocessor 36 will find that a recent series
of measurements in the memory 38 indicate a rate of change in excess of the
threshold rate stored in the memory 42. However, a bump on the track would
normally produce a short spike in the motor current so that, although the
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microprocessor 36 would find the rate of change to be in excess of the
threshold, the microprocessor 36 also would find that the excessive rate of
change does not continue for a time in excess of the predetermined time also
stored in the memory 42. Consequently, neither a large but slow change in
motor current, nor a fast but short change in current will cause the converter 34
to judge that both criteria stored in the memory 42 have been exceeded and

consequently, no alarm signal will be provided at 24.

However, in the event that the door is blocked, such as by a person or
object which could be injured or damaged, the torque demand on the motor
would begin to increase rapidly and would continue to increase. In this
situation, the microprocessor 36 would therefore see a series of stored values in
the memory 38, representing a rate of change in excess of the predetermined
rate stored in the memory 42, and continuing for a period in excess of the
predetermined time, also stored in the memory 42. Consequently, both
conditions would be adjudged to be fulfilled, and an alarm output would be
provided at 24. This may operate to disable the control circuit 30, so that the
motor 12 is disabled, and may also produce an alarm to alert an operator.

The circuit 22B of Fig. 3 operates to similar effect, in an analogue
manner. The input at 32 is applied to an analogue differentiator circuit 44,
such as a simple circuit based around an operational amplifier. This produces
an output at 46 representing the value of the differential and thus representing
the rate of change of the input 32. This is applied to one input of a comparator
48, the other input of which is provided with a reference value at 50,
representing the threshold rate of change above which the measured rate of
change is required to be for the sounding of an alarm.

The output of the comparator 48 is read by a microprocessor 52 which
also receives clock signals at 54. Consequently, when the rate of change of the
input 32 rises above the threshold value set at 50, the output of the comparator
48 will change state. This will be sensed by the microprocessor 52, which can
then commence timing that change of state. If the comparator state reverts
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before the expiry of a predetermined time (set by a value in memory 56), no
action is required. However, in the event that the rate of change exceeds the
threshold value at 50 for a period in excess of the predetermined time, the

- microprocessor 52 adjudges that a blockage or other unacceptable fault exists,
and issues an alarm signal at 24. Again, this may be used to disable the control
30, to disable the motor 12, and may also be used to alert an operator.

Fig. 4 illustrates a second embodiment which differs from the
arrangement of Fig. 1 in relation to the manner of obtaining a signal which
varies in response to the parameter being monitored. The apparatus 60 is again
used to monitor drive current to a motor 12A, to provide a voltage signal at 18A
which is then filtered at 20A and applied to an analysis circuit 22, which may be
built in accordance with either alternative described above. The voltage signal
18A is derived from motor current by means of a semi-conductor device 62,
which is a sensefet working in conjunction with a resistor 64, as can now be

described.

A sensefet is a type of FET power transistor which is provided with a
current sensing capability. One example of a sensefet is the transistor device
manufactured by Motorola under their reference MTP 40NO6M.

The sensefet 62 has a gate 66, drain 68 and source 70, as is conventional
in an FET, and has two additional terminals associated with the channel, namely
a “kelvin” terminal 72, and a “mirror” terminal 74. In the circuit of Fig. 4, the
kelvin terminal 72 is connected to the source 70. The mirror terminal 74 is
used to provide the voltage signal 18A. This is achieved by connecting the
resistor 64 between the mirror terminal 74 and the source 70. In brief, the
sensefet 62 is constructed so that the drain current (and hence the motor
current) is split within the device to provide a small (but known) fraction of the
current at the mirror 74, the remainder being provided at the source 70.
Coupling a resistor 64 between the mirror 74 and source 70 is found to disturb
this ratio somewhat, but in a manner which remains predictable for low values
of the resistor 64 and consequently, provides apvoltage signal 18A which is
predictably related to the motor current. Consequently, this voltage signal 18A
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can be used as the input to an analysis arrangement of any of the types described
above. Thus, the ability to turn motor current on or off, and to sense that current,

are both provided within a single semiconductor device.

In many typical applications, such as motor control of a rolier shutter,
garage door or the like, nominal motor current may be in the region of 5 A, but
varying between about 3 A and about 6 A during normal operation. Short spikes
in the motor current may arise, such as from bumps or other discontinuities on the
door track but these might typically last for no more than 6 ms and give rise to a
current increase up to % A. Consequently, using these figures as examples, the
value of resistors 16,064 and of thresholds stored within the analysis circuits 22
would be set, for instance, to detect a current rise with a rate 1n excess of % A in 6

ms, and remaining at or above this rate for a duration 1n excess ot 6 ms.

Many variations and modifications can be made to the apparatus described
above. In particular, many different values, component values and circuit details
could be used, in accordance with the particular application for which the motor 1s
intended, expected normal motor currents and rates of change and the like. Very
many variations could be made in relation to the implementation as between

hardware and software, particularly in relation to the analysis circuit.

Whilst endeavouring in the foregoing specification to draw attention to
those features of the invention believed to be of particular importance, it should be
understood that the scope of the claims should not be limited by the pretferred
embodiments set forth in the examples, but should be given the broadest

interpretation consistent with the description as a whole.
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CLAIMS

1. Monitoring apparatus for monitoring electrical drive current for an
electric motor, comprising signal generating means operable to provide a
signal which varies in response to variations in the drive current, and
analysis means operable to analyze the signal to determine the rate of
change of the drive current and to provide an alarm signal in the event that
the rate of change of the drive current continues to be in excess of a
predetermined rate for a period which is in excess of a predetermined

time.

2. Monitoring apparatus according to claim 1, wherein the signal is a

voltage derived from the drive current.

3. Monitoring apparatus according to claim 1 or 2, wherein the voltage
Is derived from at least part of the drive current flowing through an

Impedance.

4. Monitoring apparatus according to claim 3, wherein the said part of

the drive current is derived by means of a sensefet device.

5. Monitoring apparatus according to any one of claims 1 to 4, wherein
the apparatus includes sensor means operable to provide to the analysis

means a digital signal representing the value.

0. Monitoring apparatus according to any one of claims 1 to 5, wherein
the analysis means is operable to store periodically the value of the signal,

and to analyze the rate of change by reference to a sequence of stored
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values.

/. Monitoring apparatus according to any one of claims 1 to 6, wherein
the analysis means includes a microprocessor or microcontroller

programmed to perform analysis as aforesaid.

8. Monitoring apparatus according to any one of claims 1 to 7, wherein

the analysis means includes differentiator means operable to differentiate
the signal.

9. Monitoring means according to claim 8, wherein comparator means

are provided, operable to compare the output of the differentiator means
with a threshold value.

10.  Monitoring apparatus according to claim 8 or 9, wherein timer
means are provided to measure the length of time for which the output of

the differentiator means exceeds a threshold value.
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