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A DEVICE AND A METHOD FOR MONITORING AN
APPARATUS

FIELD OF THE INVENTION

The present invention relates to a device for moenitoring an
apparatus. The apparatus has an operative state and a non-
operative state.

PRIOR ART

An apparatus, such as industrial equipment, a robot unit, rotating
machinery, field instrument, analyzer, switchgear, etcetera, may
be improperly handled in respect to the prescribed handling
condition set for example by the manufacturer. The prescribed
handling condition may require that a quantity, such as
temperature, acceleration, mechanical stress or strain, apparatus
orientation, concentration of dust or particles, concentration of a
chemical substance, in respect to the apparatus does not exceed
certain value.

Apparatuses, in particular industrial equipment, often contain
mechanically and electrically sensitive parts. In case the
prescribed handling condition is not complied with the apparatus
may be damaged even though the damage may nol be
immediately recognizable. Such damage may degrade the function
and the accuracy of the apparatus and may result in a failure of
the apparatus. Accordingly, it is desired to use a device for
monitoring the apparatus, wherein the misuse of the apparatus
can be detected.

There are known devices for monitoring an apparatus during the
apparatus is in the operative state. For example, industrial robots
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can detect a collision while they are operating; however, not while
being in the non-operative state. Hard drives for computers have
accelerometers or shock sensors, wherein in case the hard drive
is dropped the arm of the hard drive is moved to a parked
position. Such device is monitoring the handling of the apparatus
only when the apparatus is in the operative state. However, the
prescribed handling condition of the apparatus may aiso not be
complied with when the apparatus is in the non-operative state.

OBJECTS AND SUMMARY OF THE INVENTION

The objective of the present invention is to provide a device and a
method for monitoring a prescribed handling condition of an
apparatus while the apparatus is in a non-operative state.

This objective is obtained by the previous mentioned device that is
characterized in that the device comprises:

at least one sensor adapted to measure a quantity with respect to
the apparatus, a storage unit adapted to store information on the
measured quantity, a control unit adapted to, when the apparatus
is in the non-operative state, receive information on the measured
quantity from the sensor and store said information on the storage
unit, wherein the stored information is adapted to be used for
determining if a prescribed handling condition regarding said
quantity of the apparatus has not been complied with when the
apparatus was in the non-operative state, and an interface for
retrieving stored information from the storage unit.

The sensor is adapted to measure the quantity with respeci to the
apparatus. The sensor is mounted on or located in vicinity of the
apparatus, wherein the sensor is adapted to sense the handling
condition of the apparatus.

The control unit adapted to receive the information on the
measured quantity from the sensor and store the information on
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the storage unit. The contirol unit comprises logical means for
receiving, handling and storing the information.

The storage unit is adapted to store information on the measured
quantity for future analysis. The stored information is retrievable
by means of the interface.

The term ‘“operative state” refers to a situation where the
apparatus is in operation.

The term “non-operative state” refers to a situation where the
apparatus is switched off, wherein the control unit of the device is
adapted to monitor the condition of the apparatus in the non-
operative siate.

The device is adapted to measure and store information on the
measured quantity during the apparatus is in the non-operative
state. The information is adapted to be used for determining if the
prescribed handling condition regarding the quantity of the
apparatus has not been complied with when the apparatus was in
the non-operative state. Such non compliance of the prescribed
handling condition may result in damage or reduction in the
performance of the apparatus. The information may be used for
determining the cause of the failure or reduction in performance of
the apparatus. The customer may demand warranty even if the
equipment was not handled according to prescribed handling
conditions. Accordingly, the information may be used for
determining if warranty is applicable. Furthermore, the information
regarding the handling of the apparatus may be used as a basis
for scheduling maintenance of the apparatus and as a basis for
future design of the apparatus, for Iimproving storage,
safeguarding or shipment means of the apparatus.

According to one embodiment of the invention, the control unit is
adapted, based on the stored information, toc make a
determination if the prescribed handling condition regarding said
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guantity of the apparatus has been complied with or not. Based on
the determination if the prescribed handling condition has been
complied with or not, the operator may decide if the apparatus
shall be maintained, such as replacing components of the
apparatus, performing recalibration, etc., prior to further use of the
apparatus.

According to one embodiment of the invention, the control unit
comprises indication means adapted to indicate if the prescribed
handling condition regarding said quantity of the apparatus has
been complied with or not based on said determination. The
indication means provide information to the operator if the
prescribed handling condition has been complied with or not.

According to one embodiment of the invention, the device
comprises a first power unit adapted to provide electrical power
for the operation of the device. The first power unit comprises an
energy storage, such as a battery, a capacitor, a fuel cell, or a
power generator from harvested ambient energy, or other known
means for supplying local electrical power.

According to one embodiment of the invention, the device
comprises a clock unit, wherein the control unit is adapted fo
receive information on the time from the clock unit and {ime stamp
the information on the measured quantity from the sensor.

By means of the clock unit the time of the non compliance of the
prescribed handling condition of the apparatus may be
determined. Such i{ime information may be useful in order to
determine liability of the apparatus.

According to one embodiment of the invention, the quantily is at
least one of a temperature, an acceleration, a mechanical stress
or strain, an apparatus orientation, concentration of dust or
particles, concentration of a chemical substiance.
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According to one embodiment of the inveniion, the apparatus
comprises one or more electrical motors, each motor having an
orientation transmitter adapied to provide information on the
rotational orientation of the motor, and a second power unit
adapied to provide power to the one or more orientation
transmitter during the apparatus is in the non-operative state,
wherein the device is adapted to receive power from the second
power unit for the operation of the device.

According to one embodiment of the invention, the device is
adapted to monitor an industrial robot unit.

According to one embodiment of the invention, the control unit is
adapted to perform data analysis on the stored information.

According to one embodiment of the invention, the control unit is
adapted to, when the apparatus is in the operative state, receive
information on the measured guantity from the sensor and store
said information on the storage unit, wherein said stored
information is adapted to be used for determining if the prescribed
handling condition regarding said gquantity of the apparatus has
not been complied with when the apparatus was in the operative
state.

Accordingly, the device is adapted to monitor the apparatus both
during the non-operative state and the operative state. Thereby a
single device is used for the monitoring of the apparatus.

The object is further achieved by a method for monitoring an
apparatus, wherein the method comprises

measuring a quantity with respect to the apparatus,

receiving and storing information on the measured quantity when
the apparatus is in the non-operative state, and

determining if a prescribed handling condition regarding said
quantity of the apparatus has not been complied with based on the
stored information.
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According to one embodiment of the invention, the method
COMprises:

receiving information on the time, and iime stamping the
information on the measured quantity.

The time stamping of the information enables the time of a non
compliance of the prescribed handling condition to be determined.
Based on the time of the non compliance of the prescribed
handling condition the liability to the non compliance may be
determined.

According to one embodiment of the invention, the method
comprises:
indicating that the prescribed handling condition regarding said
quantity of the apparatus has not been complied with when a non
compliance of the prescribed handling condition has been
determined.

The indicating of the non compliance of the prescribed handling
condition provides information to the operaior that the apparatus
may not be suitable for operation. Thereby, potential further
damage to the apparatus and to machines and products subjscted
to the apparatus may be avoided.

According to one embodiment of the invention, the method
comprises:

determining a recommended corrective action based on the stered
information when a non compliance of the prescribed handling
condition has been determined, and

presenting the recommended corrective action.

The recommended corrective action prevents further damages io
the apparatus and to machines and producis subjected to the
apparatus is avoided. The corrective action is for example,
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calibration, maintenance, restrictions in operation parameters,
etcetera.

According to one embodiment of the invention, the method
comprises:

recefving and storing information on the measured guantity when
the apparatus is in the operative state.

Accordingly the method comprises receiving and storing
information both when the apparatus is in the non-operative state
and the operative state. Thereby, the apparatus is being fully
monitored for non compliance of the prescribed handling
condition.

According to one embodiment of the invention, the method
comprises:

receiving and storing information on the measured guantity from a
plurality of apparatuses when the apparatuses are in the non-
operative state, and

statistically analyzing the stored information.

By means of storing information on the measured quantity from a
plurality of apparatuses and analyzing the stored information the
condition of the apparatuses, a characteristic non-operational
condition can be established. Based on the characteristic non-
operational condition the plurality of apparatuses the design of the
apparatus can be modified in order to improve operational
stability, useful life, etcetera.

The invention will now be explained more closely by the
description of different embodiments of the invention and with
reference to the appended figures.

Fig. 1 shows a device for monitoring an apparatus.
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Fig. 2 shows block diagram on a method for monitoring an
apparatus.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF
THE INVENTION

Fig. 1 shows a device 1 for monitoring an apparatus 3, such as
industrial equipment, a robot unit, etcetera. In the displayed
embodiment the apparatus 3 is a robot unit with four joints,
wherein each joint has an electric motor 5.

The apparatus 3 is adapted to be in an operative state and a non-
operative state. The apparatus 3 is in the operative state when the
apparatus 3 is being operated. The apparatus 3 is in the non-
operative state when the apparatus 3 is being shut down, for
example during stopped operation, transportation, storage,
etcetera.

The device 1 comprises one or more sensors 7 for measuring a
quantity with respect to the apparatus 3. The quantity is for
example temperature, acceleration, mechanical stress or strain,
apparatus orientation, concentration of dust or particles,
concentration of a chemical substance, elcetera.

The sensors 7 are positioned in vicinity {o the apparatus 3 in order
to measure the quantity. The sensors 7 may be located inside the
apparatus 3, wherein the sensors are not visible from the exterior
of the apparatus 3. In the shown embodiment the device 1
comprises four sensors 7, one sensor 7 for each electric motor 5
of the apparatus 3. The sensors 7 are positioned in vicinity to
each electric motor 5. Thereby, the sensors 7 sense the
operational condition of the motors 5.

The device 1 further comprises a control unit 9, a storage unit 11,
an interface 13, a clock unit 15, indication means 17 and a first
power unit 19.
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The control unit 9 is adapted to receive information on the
measured quantity from the sensor 7 and store said information on
the storage unit 11. Furthermore, the control unit 9 is adapted to
receive information on the time from the clock unit 15.

The control unit 8 comprises logical means for receiving, handling
and storing the information from the sensors 7. The control unit 8
may, if necessary, convert the information on the measured
quantity to a suitable format for storing on the storage unit 11. The
control unit 9 comprises for example a central processing unit
(CPU), a microprocessor, a logic unit, etcetera.

The storage unit 11 is storage adapied {o store the information
from the sensors 7, preferably a computer memory such as a
Random-Access Memory (RAM), a flash memory, a magnetic
storage memory for example a hard drives, elcetera.

The stored information on the measured quantity from the sensors
7 are adapted to be used for determining if a prescribed handling
condition regarding said quantity of the apparatus 3 has not been
complied with when the apparatus 3 was in the operative state
and the non-operative siate.

The interface 13 is adapted to aliow the stored information fo be
retrieved from the storage unit 11. The interface 13 is for example
a computer bus for connecting a computer, a connection socket, a
USB memory, a display, etcetera, wherein the stored information
is retrievable for determining if a prescribed handling condition
regarding said quantity of the apparatus 3 has not been complied
with.

fn an embodiment of the invention the control unit 9 is adaptied to
make a determination f the prescribed handling condition
regarding said quantity of the apparatus 3 has been complied with
or not based on the stored information on the measured quantity.
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In the determination, the stored information on the measured
quantity is compared with a predetermined value.

The indication means 17 is adapted indicates if the prescribed
handling condition regarding said quantity of the apparatus 3 has
been complied with or not based on said determination. Thereby,
the operator of the apparatus 3 is informed if the prescribed
handling condition has been complied with or not, wherein the
operatof has information to make a decision if the apparaius 3 is
in operative condition. The indication means 17 is for example a
lamp, an indicator, a display, efc.

in an embodiment the control unit 9 is adaptied io time stamp the
information from the sensors 7. Thereby, the time of the non
compliance of the prescribed handling condition may be
determined. For example, liability may be dependent on if the non-
compliance with the prescribed handling condition occurred during
transportation or during storage of the apparatus 3.

The first power unit 19 is adapted to provide power io the
components of the device 1, wherein the device 1 is arranged to
monitor the apparatus 3 while the apparatus 3 is both in the
operative state and the non-operative state.

In an embodiment the apparatus 3 comprises a second power unit
21 and one or more orientation transmitter for the electrical
motors 5, wherein the device 1 is adapted to receive power for the
operation of the device 1 from the second power unit 21. In an
embodiment the second power unit 21 is adapted to power both
orientation transmitter for the electrical motors 5 of the apparatus
3 and the device 1.

Fig. 2 presents a block diagram on a method for monitoring an
apparatus 3. By means of the method the apparatus 3 is
monitored for a non compliance of the prescribed handling
condition.
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in block 30 the method comprises measuring a quantity with
respect to at least one apparatus 3. The measuring of the quantity
may originate from one or more sensors 7. The measurements on
the quantity are preferably performed continuously both during the
apparatus 3 is in the non-operative state and the operative state.

in block 32 the method comprises receiving information on the
measured quantity when the apparatus 3 is in the non-operative
state. In a preferable embodiment the method comprises receiving
information on the measured quantity both when the apparatus 3
is in the non-operative state and the operative state.

In block 34 the method comprises receiving information on time
and time stamping the received information on the measured
gquantity prior to storing the time stamped information.

in block 36 the method comprises storing information on the
received information. Thereby, the information is retrievable for
further analysis.

In block 38 the method comprises determining if a prescribed
handling condition regarding said quantity of the apparatus 3 has
not been complied with based on the stored information.

in block 39 the method comprises statistically analyzing the stored
information from a plurality of apparatuses 3. Thereby, a typical
condition of the apparatuses 3 is determined.

In block 40 the method comprises indicating that the prescribed
handling condition regarding said quantity of the apparatus 3 has
not been complied with when a non compliance of the prescribed
handling condition has been determined. Thereby, the operator is
informed on the determined non compliance of the prescribed
handling condition of the apparatus 3.
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in block 42 the method comprises determining a recommended
corrective action of the apparatus 3, such 2 recalibration,
maintenance, eicetera, based on the stored information when a
non compliance of the prescribed handling condition has been
determined, and presenting the recommended corrective action.
The information on a corrective action may be important for the
operator in order to avoid damage to the apparatus 3 and to
machines and products in contact with the apparatus 3.

The invention is not limited to the disclosed embodiment but may
be varied and modified within the scope of the following claims.

For example the device 1 may comprise any number of sensors 7.
The sensors 7 may measure one or more quantity. The device 1
may be arranged to monitor one or more apparatuses 3. The
control unit 9 may be adapted to transform the measured
information prior to storage, such as removing signal noise,
performing statistical calculation, etcetera.
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CLAIMS

1. A device (1) for monitoring an apparatus (3), wherein the
apparatus (3) has an operative state and a non-operative state,
characterized in that the device (1) comprises:

- at least one sensor (7) adapted to measure a quantity with
respect to the apparatus (3),

- a storage unit (11) adapted to store information on the measured
guantity,

- a control unit (9) adapted to, when the apparatus (3) is in the
non-operative state, receive information on the measured quantity
from the sensor (7} and store said information on the storage unit
(11), wherein the stored information is adapted to be used for
determining if a prescribed handling condition regarding said
quantity of the apparatus (3) has not been complied with when the
apparatus (3) was in the non-operative state, and

- an interface (13) for retrieving stored information from the
storage unit {11).

2. A device (1) according to claim 1, characterized in _that the
control unit (9) is adapted, based on the stored information, to
make a determination if the prescribed handling condition
regarding said guantity of the apparatus (3) has been complied
with or not.

3. A device (1) according to claim 1, characterized in that the
control unit (9) comprises indication means adapted fo indicate if
the prescribed handling condition regarding said quantity of the
apparatus (3) has been complied with or not based on said
determination.

4. A device (1) according to any of the previous claims,
characierized in that the device (1) comprises a first power (19)
unit adapted to provide power for the operation of the device (1).




10

15

20

25

30

35

WO 2011/134520 PCT/EP2010/055823

14

5. A device (1) according te any of the previous claims,
characterized in that the device (1) comprises a clock unit (15),
wherein the control unit (9) is adapted to receive information on
the time from the clock unit (15) and time stamp the information
on the measured quantity from the sensor (7).

6. A device (1) according to any of the previous claims,
characterized in that the quantity is at least one of a temperature,
an acceleration, a mechanical stress or strain, an apparatus
orientation, concentration of dust or particies, concentration of a
chemical substance.

7. A device (1) according to any of the previous claims,
characterized in_that the apparatus (3) comprises one or more
electrical motors (5), each motor having an orientation transmitter
adapted to provide information on the rotational orientation of the
motor (53), and a second power unit (21) adapted to provide power
to the one or more orientation transmitter during the apparatus (3)
is in the non-operative state, wherein the device {1) is adapted to
receive power from the second power unit (21) for the operation of
the device (1).

8. A device (1) according to any of the previous claims,
characterized in_that the device (1) is adapted to monitor an
industrial robot unit.

9. A device (1) according to any of the previous claims,
gharacterized in that the control unit (9) is adapted to, when the
apparatus (3) is in the operative state, recsive information on the
measured quantity from the sensor (7) and store said information
on the siorage unit (11), wherein said stored information is
adapted to be used for determining if the prescribed handiing
condition regarding said quantity of the apparatus {3) has not
been complied with when the apparatus (3) was in the operative
state.
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10. A method for monitoring an apparatus (3), wherein the
apparatus (3) has an operative state and a non-operative state,
characterized in that the method comprises:

- measuring a quantity with respect to the apparatus (3),

- receiving and storing information on the measured quantity when
the apparatus (3) is in the non-operative state, and

- determining if a prescribed handling condition regarding said
quantity of the apparatus (3) has not been complied with based on
the stored information.

11. A method according to claim 10, characterized in_that the
method comprises:

- receiving information on the time, and

- time stamping the information on the measured guantity.

12. A method according to any of claim 10 and 11, characterized
in that the method comprises:

- indicating that the prescribed handling condition regarding said
quantity of the apparatus (3) has not been complied with when a
non compliance of the prescribed handling condition has been
determined.

13. A method according to any of claim 10-12, characterized in

that the method comprises:

- determining a recommended corrective action based on the
stored information when a non compliance of the prescribed
handling condition has been determined, and

- presenting the recommended corrective action.

14. A method according to any of claim 10 and 13, characterized
in that the method comprises:

- receiving and storing information on the measured quantity when
the apparatus (3) is in the operative state.

15. A method according to any of claim 10-14, characterized in
that the method comprises:
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- receiving and storing information on the measured quantity from

a plurality of apparatuses {3) when the apparatuses (3) are in the
non-operative state, and

- statistically analyzing the stored information.
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