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(57) Abstract: The present invention relates to a mining machine configured for electrical insulation status monitoring, a correspond-
ing method performed in the mining machine and a computer program product. The mining machine comprises at least one power
source(110), at least one electrical motor (120, 250) configured to power one or more mining operations of the mining machine; and an
electrical monitoring system (130, 210) for monitoring an electrical insulation status of a first or a second electrical circuit (140, 150).
The electrical monitoring system (130) comprises at least a first electrical insulation monitor (270) configured to monitor the electrical
insulation status of the mining machine during one or more mining operations when connected to the first electrical circuit (140) and
at least a second electrical insulation monitor (280) configured to monitor the electrical insulation status of the mining machine when
connected to the second electrical circuit (150). The mining machine further comprises one or more contactors (290) comprised in the
first and second electrical circuit and wherein the electrical monitoring system is configured to open the one or more contactors in the
first electrical circuit when closing the one or more contactors in the second electrical circuit.
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Mining machine with electrical insulation status monitoring

TECHNICAL FIELD

The present invention relates to a mining machine configured for electrical insulation status monitoring, a

corresponding method performed in the mining machine and a computer program product.
BACKGROUND OF THE INVENTION

There is ongoing work in adapting mining machines to operate using electricity and more specifically for,
at least in part, operate in a battery-powered mode. The electrically operated mining machine may be
connected to an external power source, e.g., a power grid, for supply of power to charge one or more
batteries comprised in the mining machine or for direct powering of the mining machine when operating
in a stationary mode, e.g., during a stationary mining operation. In addition to a grid connection, the
external power source could also be a diesel power generator or a power bank comprising batteries or

other type of energy storage devices.

Individual mining machines are configured to operate according to recurring mining cycles, i.e., cycles of
mining operations defined for the specific machines. Thus, a mining machine, i.e., work machine, is often
used in a repeated work cycle. Mining operations involve a wide variety of mining machines, such as face
drill rigs, production drill rigs, rock bolting rigs, cable bolting rigs, concrete spraying machines, loaders,
haulers and dumpers. The listed mining machines require considerable power during operation and the
mining machines usually have high power demands during predictable phases of a mining cycle. The term
"work cycle" may reflect a route of the work machine and mining operation performed by the working
machine according to a repetitive and at least partially predetermined pattern. During the performance of
the work cycle, the work machine uses different power supplies. The day-to-day operations of mining
typically involve many mining operations, performed by a variety of mining machines during such work
cycles. The operations comprise cycles of drilling, blasting, ventilating, as well as loading, transporting and
dumping material that has been cut during the work cycles of mining operations, i.e., mining cycles. These
work cycles place demands on power that are unique to mining, where charging of a battery may be on-

going at the same time as a grid connection provides powering to a stationary high power operation.

Thus, an electrical mining machine could be powered by either a mains or grid connection, or by a
rechargeable battery system; each power source associated with a high voltage. If a machine has an

electrical insulation fault, a hazard situation (electrical flashover} may arise, primarily for a service
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technician. The technician or operator would benefit from receiving information relating to an electrical
insulation fault, e.g., before the off grid mining machine is connected to a power supply. The technician
would also benefit from knowing the electrical insulation status of the disconnected battery system as well
as the disconnected mains power supply, and the electrical insulation status when the machined is
connected to a power supply. If an insulation monitor is malfunctioning it is also desirable to have a

redundant system of insulation monitors.
Thus, there is a need to configure the mining machines for safe power insulation monitoring.

SUMMARY OF THE INVENTION

It is an object of the present disclosure to solve or mitigate, alleviate, or eliminate at least some of the

above-identified deficiencies in the art and to provide a solution for improved charge management.

According to a first aspect, the object is achieved by a mining machine comprising at least one power
source and at least one electrical motor configured to power one or more mining operations of the mining
machine. The mining machine also comprises an electrical monitoring system for monitoring an electrical
insulation status of a first or a second electrical circuit. The electrical monitoring system comprises at least
a first electrical insulation monitor configured to monitor the electrical insulation status of the mining
machine during one or more mining operations when connected to the first electrical circuit and at least
a second electrical insulation monitor configured to monitor the electrical insulation status of the mining
machine when connected to the second electrical circuit. The electrical monitoring system also comprises
one or more contactors comprised in the first and second electrical circuit and wherein the electrical
monitoring system is configured to open the one or more contactors in the first electrical circuit when

closing the one or more contactors in the second electrical circuit.

In some embodiments, the power source may comprise one or more batteries controlled from a battery

management system, BMS, and the first electrical insulation monitor may be comprised in the BMS.

In some embodiments, the first electrical insulation monitor may be configured for real-time monitoring
and reporting of a current resistance value of the first electrical circuit. The first electric insulation monitor

may report the value to a processing circuitry of the electrical monitoring system.

In some embodiments, the second electrical insulation monitor may be configured for real-time
monitoring and reporting of a current resistance value of the second electrical circuit to a processing

circuitry of the electrical monitoring system.
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In some embodiments, the first electrical circuit may be an electrical main circuit and the second electrical
circuit may be an electrical sub-circuit electrically isolated from the main circuit with at least one contactor.
The mining machine may comprise an electrical insulation main monitor monitoring the electrical
insulation status on the main circuit when the contactors are open. It may also comprise an at least one
electrical insulation sub monitor monitoring the electrical insulation status on the sub-circuit when the
contactors are open. Wherein the electrical insulation main monitor may monitor the electrical insulation
status on the main circuit and the one or more sub circuits if the one or more contactors may be closed

and whereby the one or more insolation sub monitors may be inactivated.

In yet some embodiments the monitoring may be started directly on the machine, from a connected

Remote Control System (RCS) or in an application running in e.g. a mobile phone or any other template.

According to a second aspect, the object is achieved by a method for monitoring a insulation status of a
mining machine that comprises at least one power source, at least one electrical motor configured to
power one or more mining operations of the mining machine; and an electrical monitoring system for
monitoring an electrical insulation status of a first or a second electrical circuit. The method comprises
monitoring the insulation status during one or more mining operations when connected to the second
electrical circuit and open one or more contactors in the first electrical circuit when closing the one or

more contactors in the second electrical circuit.

According to a third aspect of the disclosure, the object is achieved by a computer program comprising
computer program code which, when executed cause execution of the method according to the second

aspect.

Embodiments provide the advantage of a secure and user-friendly operation with improved security on
the basis that the electrical insulation monitor system will be monitoring the circuit both when the
machine is connected to the battery and/or the main supply and when it is disconnected. Embodiments
allow accurate, continuous, real-time determination of the electrical insulation status. Embodiments
provide for electrical insulation monitoring both during grid or battery connection, as well as when

disconnected from a power supply.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically illustrates a mining machine comprising a first and a second electrical circuit;

Figure 2 schematically illustrates an electrical monitoring system comprised in a mining machine;
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Figure 3 schematically illustrates an electrical monitoring system comprised in a mining machine;
Figure 4 is a flowchart illustrating exemplary method steps for monitoring an insulation status on
a mining machine;
Figure 5 is a flowchart illustrating exemplary method steps for monitoring an insulation status on

a mining machine.
DETAILED DESCRIPTION OF THE INVENTION

Aspects of the present disclosure will be described more fully hereinafter with reference to the
accompanying drawings. The apparatus and method disclosed herein can, however, be realized in many
different forms and should not be construed as being limited to the aspects set forth herein. Like numbers

in the drawings refer to like elements throughout.

The terminology used herein is for the purpose of describing particular aspects of the disclosure only, and

is not intended to limit the disclosure. As used herein, the singular forms "a", "an" and "the" are intended

to include the plural forms as well, unless the context clearly indicates otherwise.

In some implementations and according to some aspects of the disclosure, the functions or steps noted in
the blocks can occur out of the order noted in the operational illustrations. For example, two blocks shown
in succession can in fact be executed substantially concurrently or the blocks can sometimes be executed
in the reverse order, depending upon the functionality/acts involved. Also, the functions or steps noted in

the blocks can according to some aspects of the disclosure be executed continuously in a loop.

It should be emphasized that the term “comprises/comprising” when used in this specification is taken to
specify the presence of stated features, integers, steps, or components, but does not preclude the
presence or addition of one or more other features, integers, steps, components, or groups thereof. As

used herein, the singular forms "a", "an" and "the" are intended to include the plural forms as well, unless

the context clearly indicates otherwise.

In cooperation with attached drawings, the technical contents and detailed description of the present
invention are described thereinafter according to a preferable embodiment, being not used to limit its
executing scope. Any equivalent variation and modification made according to appended claims is all

covered by the claims claimed by the present invention.

Reference will now be made to the drawing figures to describe the present invention in detail.
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Figure 1 schematically illustrates a mining machine. As previously explained, an electrically operated
mining machine may be connected to an external power source, e.g., a power grid, for supply of power to
charge one or more batteries comprised in the mining machine or for direct powering of the mining
machine when operating in a stationary mode, e.g., during a stationary mining operation. In addition to a
grid connection, the external power source could also be a diesel power generator or a power bank

comprising batteries or other type of energy storage devices.

Individual mining machines are configured to operate according to recurring mining cycles, i.e., cycles of
mining operations defined for the specific machines. Thus, a mining machine, i.e., work machine, is often
used in a repeated work cycle. Mining operations involve a wide variety of mining machines, such as face
drill rigs, production drill rigs, rock bolting rigs, cable bolting rigs, concrete spraying machines, loaders,
haulers and dumpers. The listed mining machines require considerable power during operation and the

mining machines usually have high power demands during predictable phases of a mining cycle.

Turning back to Figure 1, a schematic illustration is provided of a mining machine according to the present
disclosure. In its most general form, the mining machine comprises at least one power source 110 and at
least one electrical motor 120 configured to power one or more mining operations of the mining machine.
The mining machine also comprises an electrical monitoring system 130 for monitoring an electrical
insulation status of a first or second electrical circuit 140, 150. The electrical monitoring system 130
comprises at least a first electrical insulation monitor, configured to monitor the electrical insulation status
of the mining machine during one or more mining operations when connected to the first electrical circuit
140. The electrical monitoring system 130 comprises also at least a second electrical insulation monitor
270 configured to monitor the electrical insulation status of the mining machine when connected to the
second electrical circuit 150. The electrical monitoring system 130 also comprises one or more contactors,
e.g., circuit breakers or relays, comprised in the first and second electrical circuit 140, 150 and wherein the
electrical monitoring system 130 is configured to open the one or more contactors in the first electrical

circuit 140 when closing the one or more contactors in the second electrical circuit 150.

Thus, the mining machine comprises an electrical monitoring system capable of monitoring electrical
insulation between electrically operated parts of the machine and the machine chassis. The purpose of
the system is to detect and generate alarms if the insulation quality of the electrical installation on the

machine falls below a certain threshold.

The insulation resistance on new installations and electrical equipment is usually very good. Over time,

operation causes an inevitable reduction in insulation resistance. The causes could be static overvoltage,
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bends and vibrations, temperature and moisture, aggressive atmosphere as well as improper installations.
If insulation resistance is insufficient, the protection against direct or indirect contact cannot be ensured
leading to that the lives of individuals are put at risk. Short-circuits and earth fault currents can cause fires

and explosions as well as interruption in production.

The electrical monitoring system may be activated from the mining machine, from a connected Remote
Control System (RCS) or in an application running in e.g. a mobile phone or any other template. When the
test is completed the test button stops flashing and remains on while the insulation value is presented on
an electrical insulation panel meters. As illustrated in Figure 4, electrical insulation panel meters could be
arranged on the machine, in the connected RCS or in the application. The machine can be connected to
different energy sources; extra low voltage (e.g. 24V battery or similar), low voltage battery (e.g. 512V
battery) or low voltage AC supply (e.g. 400V supply). Monitoring may be initiated before the mining

machine is powered up, during operation or during charging.

So called contactors may be selected from their applicability to be used in higher voltage applications or
higher current applications, e.g., applications in a four hundred to a thousand Volt range or up to 1500
Ampere when applying lower voltages. In the context of the present disclosure, a contactor may be a relay,

a circuit breaker, a coupling device or a switch, all with the aim of breaking the circuit.

Reference is made to figure 2, which shows an embodiment of the mining machine comprising the
electrical monitoring system 210 for monitoring the electrical insulation status of the first or the second
electrical circuit 140, 150. The mining machine comprises first and second power sources 220, 230 in the
form of one or more batteries 220 and an inverter 240 receiving power from a grid connection, a diesel
generator or a power bank 230. The first electrical circuit 140 is formed by at least one electrical motor
250, at least one inverter 260, the first insulation monitor 270 and the one or more batteries 220, when
the contactors 290 of the first electrical circuit 140 are closed, and the contactors 290 of the second
electrical circuit 150 are open. The second electrical circuit 150 is formed by the at least one power source
230, the inverter 240 and the second electrical insulation monitor 280 when the contactors 290 of the
second electrical circuit 150 are closed, and the contactors 290 of the first electrical circuit 140 are open.
A third electrical circuit 294 is formed when all contactors 290 are open, hence the mining machine is
completely powered off. A third insulation monitor 292 will measure on the third electrical circuit 294

comprising the at least one electrical motor 250 and the inverter 260.

The first electrical circuit 140 may comprise the one or more batteries 220, hence the mining machine is

power supplied by the battery and the contactors 290 in the first electrical circuit 140 is closed. The at
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least one electrical motor 250 is powering one or more mining operations of the mining machine. The first
electrical insulation monitor 270 is configured to monitor the electrical insulation status in the first
electrical circuit 140. The first electrical insulation monitor 270 is also configured for real-time monitoring
and reporting of a current, real-time monitoring the current resistance value of the first electrical circuit
140 and reporting the electrical insulation status repeatedly to a control system. The real-time monitoring
and reporting is e.g every second. The first electrical insulation monitor 270 may be an integrated part of

a Battery Management System (BMS)-system.

The contactors 290 of the first electrical circuit 140 may be opened and the contactors 290 comprised in
the second electrical circuit 150 may be closed, hence the mining machine may be connected to an
external power source 230 e.g. an electrical network, the electrical grid, a diesel generator or a power
bank, which may comprise worn-out old battery packs. The second electrical insulation monitor 280 is
configured to monitor the electrical insulation status in the second electrical circuit 150 and is configured
to monitoring the current resistance value of the second electrical circuit 150 and reporting to the control

system, when an isolation value is below a threshold or when the signal disappears.

Individual mining machines are configured to operate according to recurring mining cycles, i.e., cycles of
mining operations defined for the specific machine. Thus, a mining machine, i.e., work machine, is often
used in a repeated work cycle. Mining operations involve a wide variety of mining machines, such as face
drill rigs, production drill rigs, rock bolting rigs, cable bolting rigs, concrete spraying machines, loaders,
haulers and dumpers. The listed mining machines require considerable power during operation and the
mining machines usually have high power demand during predictable phases of a mining cycle. The term
"work cycle" comprises a route of the work machine and a power on and a power off of the mining
machine. The work cycle is repeated during the working hours. During the performance of the work cycle,
the mining machine uses different power supplies. The day-to-day operations of mining typically involve
many mining operations, performed during such work cycle. The operations comprise cycles of drilling,
blasting, ventilating, as well as loading, transporting and dumping material that has been cut during the
cycles of mining operations, i.e., mining cycles. These mining cycles place demands on power that are
unique to mining, where charging of a battery may be on-going at the same time as a grid connection

provides powering to a stationary high power operation.

As shown in figure 3 the entire electrical power circuit 304 of the mining machine is divided in sections, an
electrical main circuit 307, defined as the third electrical circuit 294 above, and one or more electrical sub

circuits 305, 306. The main circuit 307 represents the machine disconnected from power supply. Sub circuit
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305 represents a battery supply. Sub circuit 306 represents a main supply, where the machine being
connected to the grid 312. The electrical circuits 305, 306, 307 may be electrically isolated from the main
circuit 307. When sub circuit 305 and the main circuit 307 are electrically connected by closing contactor
308 and when opening contactor 313 the first electrical circuit is formed. When sub circuit 306 and the
main circuit 307 are electrically connected by closing contactor 313 and when opening contactor 308 the

second electrical circuit is formed.

The electrically sub circuit 305 is a low voltage battery circuit. It is electrically isolated from the rest of the
machine with a contactor 308. To ensure that a possible deterioration in electrical insulation can be
detected before a battery 319 is connected to the machine, a separate electrical insulation sub monitor
309 is used for this sub circuit 305. This separate electrical insulation sub monitor 309 will only monitor
the electrical insulation status of the electrical sub circuit 305 and present the result on its electrical
insulation sub panel meter. This separate insulation sub monitor 309 is only active when the contactor 308
is open. When the battery contactor 308 is closed the battery insulation sub monitor 309, and its sub panel
meter, is deactivated and the function of detecting possible insulation faults in this sub circuit is taken over

by an insulation main monitor 310.

The electrically sub circuit 306 is a low voltage AC supply circuit. This sub circuit 306 is the lower voltage
side of a transformer 311. The low voltage supply, the grid 312, is transferred from the supply voltage level
(e.g. >400V) down to the low voltage AC supply level (e.g. 400V). The electrically sub circuit 306 is
electrically isolated from the rest of the machine until the contactor 313 is closed. To ensure that a possible
deterioration in electrical insulation can be detected before the electrically sub circuit 306 is connected to
the machine, a separate insulation sub monitor 314 is used for this sub circuit 306. This insulation sub
monitor 314 shows the result of the measuring on its electrical insulation sub panel meter. This insulation
sub monitor 314 and its sub panel meter, is active only when the contactor 313 is open. Once this contactor
313 closes, the function of detecting possible insulation faults on the sub circuit 306 is taken over by the

insulation main monitor 310.

The electrical main circuit 307 is a DC link circuit. There is a separate electrical insulation main monitor 310
installed on the main circuit 307. To this electrical main circuit 307 different units can be connected, i.e.,
the at least one electrical motor, such as a traction motor 315, an auxiliary motor 316 or a diesel generator
317. The motors are connected to the circuit via an inverter 318a, 318b, 318c (AC/DC). The electrical
insulation main monitor 310 will detect any insulation faults on the main circuit 307 cabling, one or more

inverters 318a, 318b, 318c and their associated units 315, 316, 317. The electrical main circuit 307 is
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electrically isolated from the electrical sub-circuits 305, 306 with contactors 308, 313. A contactor is a
switch used for switching an electrical power circuit. Contactors differ from generic relays in that they are
particularly suitable for higher voltage applications or higher current applications, e.g., applications in a
four hundred to a thousand Volt range or up to 1500 Ampere when applying lower voltages. The plurality
of contactors enables different electrical connections between the battery system and electrically
powered systems of the mining machine, as well as the grid connection. Specifically, one or more first
contactors 308 are configured to control a first connection between the electrical circuit 305 of the
rechargeable battery 319 and the electrical main circuit 307, the machine circuit. One or more second
contactors 313 are configured to control a second connection between the electrical grid circuit 306 and
the electrical main circuit 307. When the electrical main circuit 307 is electrically disconnected from the
electrical sub-circuits 305, 306, the contactors 308, 313 are open, the electrical insulation main monitor
unit 310 will only monitor the electrical insulation status of the electrical main circuit 307 and present the

result on the electrical insulation main panel meter.

The insulation main monitor 310 is also used to monitor insulation resistance on the sub circuit 305 and/or
on the sub circuit 306 once these systems have been connected via their contactors 308, 313. The
insulation main monitor 310 thereby monitors the electrical insulation status on the main circuit 307
cabling, the sub circuit 305 cabling and/or on the sub circuit 306 cabling and all the connected equipment,
hence on the entire electrical power circuit 4. The insulation main monitor 310 shows the result of its

measuring on the electrical insulation main panel meter.

During the pre-connected test (the contactors 308, 313 are open) the insulation of each sub circuit 305,
306, 307 is checked by using each of the systems separate insulation monitors 309, 310, 314. An alarm
signal may be generated in order to indicate an insulation fault, on the machine, in the connected RCS or

in the application.

When the battery 319 is connected to supply energy to the main circuit 307 or when the battery receives
charging from the main circuit 307, the insulation main monitor 310 will be activated. The contactor 308
is then closed connecting the main circuit 307 with the sub circuit 305, thereby the insulation main monitor
310 will be activated and in real-time measure the insulation on both these sections together. The battery
319 can receive charging from either the diesel generator 317, off-grid, or from the electrical grid 312. If
charged via the electrical grid 312, the battery 319 could be charged via a transformer 311 or without a

transformer 311. When the battery 319 receives charging from the electrical grid 312 both the contactors
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308 and 313 are closed and the insulation main monitor 310, is in this situation monitoring the entire

electrical installation, hence, the circuits 305, 306, 307 and all the connected electrical equipment.

When the mining machine is powered on, supplied by either the low voltage battery sub circuit 305 or low
voltage AC supply sub circuit 306, the insulation main monitor 310 operates on the voltage (e.g. 600-800V)
of the circuit it is contacted with. When the mining machine is powered off it is using an extra low voltage

level background current (e.g.24V or similar).
Different levels of resistance indicate if the insulation is reduced or not.

e E.g. 1MQ ->10MQ indicates acceptable insulation level. No further action required

e E.g. 100kQ - IMQ indicates a warning level. The machine can be operated but requires attention.
A service technician should be contacted as soon as possible.

e E.g. <100k} indicates a fault level. A service technician should be contacted as soon as possible
and the machine could be used, but only to be moved to a convenient place for service.

e Error. If one of the meters 3a, 3b, 3c indicates error during the pre-connected check, there is an
internal fault with that particular electrical insulation circuit 305, 306, 307 or its connected
electrical equipment. A service technician should be contacted as soon as possible. If an error is
indicated on the meter 3a and 3c during normal operation, the error can be ignored, since the
electrical insulation monitor 309, 314 and its meter 3a, 3c of the particular sub circuit is

inactivated. The DC link meter 310 is the active meter in this machine state.

Figure 4 is a flowchart illustrating exemplary method steps for insulation monitoring of a mining machine.
In its most general form, the method comprises monitoring an insulation status of a mining machine
comprising at least one power source, at least one electrical motor configured to power one or more
mining operations of the mining machine and an electrical monitoring system 130 for monitoring an
electrical insulation status of a first or a second electrical circuit. Monitoring S40 the electrical insulation
status on the mining machine during one or more mining operations when connected to the first electrical
circuit, when closing S42 one or more contactors in the first electrical circuit when opening S42 one or
more contactors in the second electrical circuit. Monitoring S41 the electrical insulation status of the
mining machine when connected to the second electrical circuit, when opening S42 the one or more
contactors in the first electrical circuit and when closing S42 the one or more contactors in the second

electrical circuit.
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The monitoring S43 can also be activated, when the mining machine is completely powered off, on the

third electrical circuit.

Figure 5 is a flowchart illustrating exemplary method steps for insulation monitoring of a mining machine.
In its most general form, the method comprises monitoring S50 the insulation status on the electrical main
circuit and a plurality of electrical sub circuits, the circuits being electrically isolated from each other, by
contactors. Presenting S51 the electrical insulation status of the respective electrical circuits on a
respective panel meter. Connecting S52 the machine to power supply, hence, connect the electrical main
circuit with one or more sub circuits and monitor the electrical insulation status on the connected main
and sub circuits. Presenting S53 the electrical insulation status on an electrical insulation main panel
meter, wherein the electrical insulation status is based on the connected electrical circuits” insulation

status. The configuration could be either circuit 7, circuit 7 and 5, circuit 7 and 6, or circuit 7 and 5 and 6.
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CLAIMS

1. A mining machine comprising at least one power source (110), at least one electrical motor (120}

configured to power one or more mining operations of the mining machine; and an electrical

monitoring system (130, 210) for monitoring an electrical insulation status of a first or a second

electrical circuit (140, 150}, wherein the electrical monitoring system (130) comprises:

- atleasta first electrical insulation monitor configured to monitor the electrical insulation status of
the mining machine during one or more mining operations when connected to the first electrical
circuit (140)

- atleasta second electrical insulation monitor configured to monitor the electrical insulation status
of the mining machine when connected to the second electrical circuit (150); and

- one or more contactors comprised in the first and second electrical circuit (140, 150) and wherein
the electrical monitoring system (130} is configured to open the one or more contactors in the first
electrical circuit (140) when closing the one or more contactors in the second electrical circuit

(150).

The mining machine according to claim 1 wherein the at least one power source (110) comprises one
or more batteries controlled from a battery management system, BMS, and the first electrical

insulation monitor is comprised in the BMS.

The mining machine according to claim 1 or 2 wherein the first electrical insulation monitor is
configured for real-time monitoring and reporting of a current resistance value of the first electrical

circuit (140) to a processing circuitry of the electrical monitoring system (130).

The mining machine according to any of the preceding claims, wherein the second electrical insulation
monitor is configured for real-time monitoring and reporting of a current resistance value of the

second electrical circuit (150) to a processing circuitry of the electrical monitoring system (130).

The mining machine according to claim 4, wherein the second electrical insulation monitor (280} is

configured to report only when the monitored value is below a threshold.

The mining machine of claim 4, wherein the power source is an inverter receiving power from a grid

connection, a diesel generator or a power bank.
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The mining machine according to any of the preceding claims, wherein the first or second insulation
monitor (270, 280} is configured to be connected to the first or second electrical circuit (140, 150),

when the other first or second insulation monitor (270, 280) is malfunctioning.

The mining machine according to claim 1, wherein the first electrical circuit (140) is an electrical main
circuit (307) and the second electrical circuit (150) is an electrical sub-circuit (305, 306) electrically
isolated from the main circuit (307) with at least one contactor (308, 313), the electrical monitoring
system comprising:
- an electrical insulation main monitor (310) monitoring the electrical insulation status on the
main circuit (307) when the contactors (308, 313) are open,
- an atleast one electrical insulation sub monitor (309, 314} monitoring the electrical insulation
status on the sub-circuit (305, 306) when the contactors (308, 313) are open, and
- the electrical insulation main monitor (310) monitoring the electrical insulation status on the
main circuit (307) and the one or more sub circuits (305, 306) if the one or more contactors
(308, 313) are closed and whereby the one or more insolation sub monitors (309, 314) are

inactivated.

The mining machine according to claim 1, wherein an alarm is generated if the electrical insulation

result is below a threshold.

10. The mining machine according to claim 1, wherein the monitoring can be started directly on the

machine, from a connected Remote Control System (RCS) or in an application running in e.g. a mobile

phone or any other template.

11. A method for monitoring an insulation status of a mining machine comprising at least one power

source (110}, at least one electrical motor (120) configured to power one or more mining operations

of the mining machine; and an electrical monitoring system (130) for monitoring an electrical

insulation status of a first or a second electrical circuit (140, 150}, the method comprising:

- monitoring (540) the electrical insulation status on the of the mining machine during one or more
mining operations when connected to the first electrical circuit (140);

- monitoring (S41) the electrical insulation status of the mining machine when connected to the

second electrical circuit (150); and
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- opening (S42) one or more contactors (290} in the first electrical circuit (140) when closing the one

or more contactors (290} in the second electrical circuit (150).

The method according to claim 11 wherein monitoring connected to the first electrical circuit (140)
comprise real-time monitoring of the current resistance value of the first electrical circuit (140) and

real-time reporting of the electrical insulation status to a control system.

The method according to claim 11 wherein monitoring connected to the second electrical circuit (150)
comprise real-time monitoring of the current resistance value of the second electrical circuit (150) and
reporting to the control system, when an isolation value is below a threshold or when the signal

disappears.

The method according to claim 11 wherein the first electrical circuit (140} is an electrical main circuit

(307) and the second electrical circuit (150} is an electrical sub-circuit (305, 306) electrically isolated

from the main circuit (307) with at least one contactor (308, 313), the method comprising:

- monitoring the electrical insulation status on the sub circuit (305, 306) when the contactors (308,
313) are open; and

- connecting the electrical main circuit (307) with one or more electrical sub circuits (305, 306) and

monitoring the electrical insulation status on the connected circuits.

The method according to claim 11, comprise generating an alarm if the electrical insulation result is

below a threshold.

The method according to claim 11, wherein the monitoring can be started directly on the machine,
from a connected Remote Control System (RCS) or in an application running in e.g. a mobile phone or

any other template.

A computer program comprising computer program code which, when executed cause execution of

the method according to any of claims 11 to 16.
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