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ABSTRACT

There is provided a charging station, and a mining machine comprising a bat-
tery for storing electrical energy, a refrigerant circuit for circulating a refrigerant
via the battery, and a connection for connecting the refrigerant circuit to a re-
frigerant circuit of a charging station via a fluid-fluid heat exchanger.

(Figure 2b)
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MINING MACHINE AND CHARGING STATION COMPRISING REFRIGERATION
CIRCUITS

FIELD OF THE INVENTION

The present invention relates to refrigeration of battery, and particu-
larly refrigeration of battery in a mining machine.

BACKGROUND

A battery for storing electrical energy should be operated in a tem-
perature range that supports a long lifetime of the battery. When a battery is
charged electrical energy is stored to the battery for later use. When the ener-
gy stored to the battery is used to supply power to an appliance, e.g. an elec-
trical motor, the battery is discharged.

A typical operating temperature for a lithium-ion battery is between
0-45 °C. If the temperature exceeds 45 °C, the battery may be degraded.
When the temperature of the battery is higher than 45 °C, electrolyte inside the
battery starts to degrade, which may cause pressure inside battery cells. The
pressure may accumulate inside the battery and it may be discharged from the
battery along with the electrolyte, whereby personnel and equipment nearby
the battery may be in danger.

A battery typically used in a mining vehicle may supply an electrical
power of 100kW, when the vehicle is operated. After the battery is discharged
it has to be replaced with a new one or charged. During charging of the bat-
tery, the vehicle is out of production, whereby its efficiency is decreased. The
battery may be charged fast if a significantly higher power, for example 800kW,
IS used to charge the battery. However, the high charging power may cause

the battery to heat up significantly more than during operation of the mining
vehicle and discharging of the battery. ’

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide a mining machine
and a charging station comprising refrigerant circuits so as to so as to alleviate
the above disadvantages. The objects of the invention are achieved by a min-
Ing machine and a charging station.

An advantage of the mining machine and charging station according
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to the present invention is that the battery may be cooled down by different
refrigerant circuits. A refrigerant circuit providing a suitable cooling power may
be used during charging and another refrigerant circuit may be used during
operation of the mining machine. This allows dimensioning the refrigerant cir-
cuits according to the need for cooling power that may vary significantly be-
tween the charging of the battery and discharging of the battery.

In some embodiments, the battery may be cooled down by a refrig-
erant circuit having a smaller cooling power, when the battery is not being
charged, than a refrigerant circuit used to cool down the battery during charg-
ing of the battery.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the accompanying draw-
ings, in which

Figure 1 illustrates an example of a battery powered vehicle, ac-
cording to an embodiment;

Figures 2a and 2b illustrate refrigerant circuits according to embod-
iments.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates an example of a battery powered vehicle 1, ac-
cording to an embodiment. The battery powered vehicle comprises a battery
10. The battery may be capable of storing electrical energy to be supplied to
one or more functions of the vehicle. The battery may be enclosed within an
encasement for protecting the battery from damages. The electrical energy
from the battery may be used to power transportation of goods and/or people
by the vehicle. In an embodiment the battery may be lithium-ion battery.

A refrigeration device 11 may be connected to the battery for refrig-
erating, i.e. cooling, the battery. Preferably, the refrigeration device has a cool-
ing power that is sufficient to refrigerate the battery, when the battery Is dis-
charged and is supplying electrical power to power operations of the vehicle.

The refrigeration device may have a refrigerant circuit for circulating
a refrigerant via the battery and a fluid-fluid heat exchanger connected to the
refrigerant circuit. The fluid-fluid heat exchanger is connectable to an external
refrigerant circuit for transferring heat between the refrigerant circuit and the
external refrigerant circuit. The external refrigerant circuit may be the refriger-
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ant circuit of a charging station 9. Both of the refrigerant circuits have fluid lines
that contain a refrigerant that is moved within the fluid lines for transferring
heat away from target that is being cooled. The refrigerants of the refrigerant
circuits may be selected to provide a sufficient cooling power and they may be
the same.

The battery powered vehicle may comprise a carnage 2 that may be
moved by means of drive equipment 3. The drive equipment 3 may comprise
one or more drive motors 4 and one or more power transmission means 5 for
transmitting drive power to one or more wheels 6. The drive power transmis-
sion may comprise a mechanical gear system and mechanical power trans-
mission members or, alternatively, a hydraulic or electric drive power system
may be used. The drive equipment may be connected to the battery for supply-
ing electricity to the drive equipment from the battery. The connection may
comprise an electrically conductive cable, shown by a dashed line in the Figure
1 between the battery and the drive equipment. Accordingly, the movement of
the vehicle may be powered by electricity from the battery. It should be appre-
ciated that the vehicle may have also other power sources in addition to the
battery.

The battery powered vehicle may comprise a dump 20 and/or a drill
for production operations of the vehicle. The productive operations may be
mining operations, when the vehicle is a mining machine. The production op-
erations may be powered by the drive equipment. The vehicle may be have a
water system that is used for or is a part of the drill.

The charging station may be located in an operational area 14 of

the venhicle or in a service area of the vehicle. The operational area of the vehi-
cle may be for example a mine. The charging station may comprise an electri-

cal outlet 17 for charging the battery of the vehicle with electrical energy. The
electrical outlet may be connected to the vehicle by at least one electrically
conductive cable for charging the battery. The charging station may further
comprise a connection 12, 13 for connecting a refrigerant circuit of the charg-
ing station to a fluid-fluid heat exchanger in the vehicle. The connection may
be provided by an iniet connection 12 for feeding refrigerant to the fluid-fiuid
heat exchanger, and an outlet connection 13 for receiving heated refrigerant
from the fluid-fluid heat exchanger. The inlet and outlet connections may be
provided by hoses arranged on reels. The inlet and outlet connections of the
charging station may be connected to connectors 15, 16 of the refrigerant cir-
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cuit 11 of the vehicle for connecting the refrigerant circuit of the charging sta-
tion to the fluid-fluid heat exchanger. In this way the refrigerant circuit of the
charging station may be connected to the vehicle for cooling the battery during
charging of the battery. This allows dimensioning the refrigerant circuit of the
vehicle for refrigeration of the battery, when the battery is not being charged
and less cooling power is needed. When the battery is not being charged, the
battery may be discharging. When the battery is discharging, energy stored to
the battery may be consumed. The power may be consumed to one or more
functions of the vehicle, for example during driving of the vehicle.

The refrigerant circuit of the charging station may be responsible for
cooling the battery during charging of the battery. Preferably the refrigerant
circuit of the charging station is dimensioned such that it has a higher cooling
power than the refrigerant circuit of the vehicle. The dimensioning of the refrig-
erant circuits may comprise considerations on an amount of fluid flow in fluid
lines and/or a type of refrigerant used.

The charging station may be connected to a power source having a
larger electrical power than the battery on-board the vehicle. The power source
of the charging station may be for example an electrical grid or an electrical
generator powered by a combustion engine. In this way more power is availa-
ble for refrigeration of the battery during charging of the battery than during
discharging of the battery. Since the refrigeration during charging is more effi-
cient than during discharging, the battery may be charged quickly using a high
charging power. The charging power may be higher than the power output of
the battery, when the battery is discharged. In one example, a mean power
output of the battery is 100kW during operation of the vehicle and the charging
power Is 800 kW, whereby it is possible to achieve an operating time of two
hours for the battery, when the battery is charged for 15 minutes.

During charging the battery via the electrical outlet, refrigerant from
the refrigerant circuit of the charging station is circulated via the fluid-fluid heat
exchanger of the mining machine.

In an embodiment, the refrigerant circuit of the charging station may
be connected to or be a part of a water supply line in a mine. Accordingly, wa-
ter from the water supply line may serve as the refrigerant in the refrigerant
circuit of the charging station. The water may circulate in a water system of the
mine. The circulation of the water provides that water heated by the battery
may be replaced by cooler water, whereby refrigeration of the charging station
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provided to batteries that are charged may be maintained even if the charging
station would be used continuously.

The battery powered vehicle may be a mining machine 1 for exam-
ple a dumper, load haul dump, loader, drilling device, rock drilling rig or any
other mining vehicle. The mining vehicle 1 may be equipped with one or more
mining work devices which mining work device may be one or more of the fol-
lowing mining work devices: rock drilling machine, bolting machine, scaling
device, injection device, blasthole charger, loading device, bucket, box, meas-
uring device, or drilling, sealing and propellant feeding equipment used in
small-charge excavation.

Figures 2a and 2b illustrate refrigerant circuits according to embod-
iIments. The refrigerant circuits may be the refrigerant circuits of the charging
station and the vehicle described in Figure 1. In Figure 2a the refrigerant cir-
cuits are connected in series. In Figure 2b, the refrigerant circuits are connect-
ed in parallel by a three-way valve 216. The parallel and series connection of
the refrigerant circuits provide that the refrigerant circuit of the vehicle and the
charging station are both connected to a fluid-fluid heat exchanger 202 such
that refrigerant from the circuits may flow to the fluid-fluid heat exchanger.
Preferably, the refrigerant circuits are connected to the fluid-fluid heat ex-
changer during charging of the battery 210 of the vehicle such that the refrig-
erant from the refrigerant circuit of the charging station may cool down the bat-
tery.

It should be appreciated that, when the battery is not charged the
refrigerant circuit of the charging station or the refrigerant circuit of the vehicle
may be disconnected from the fluid-fluid heat exchanger such that the vehicle
may be moved away from the charging station.

In the following description of Figures 2a and 2b the refrigerant cir-
cuits are described assuming that the fluid-fluid heat exchanger is on-board the
vehicle, as a part of the refrigerant circuit of the vehicle. However, in an em-
bodiment the fluid-fluid heat exchanger may be located in the charging station
as a part of the refrigerant circuit of the charging station.

The refrigerant circuits of the vehicle and the charging station com-
prise fluid lines that contain refrigerant that is moved by a pump 206 or a com-
pressor 208 in the fluid lines.

The refrigerant circuit of the vehicle may comprise a battery cooler
204. The battery cooler may be positioned within the battery such that heat
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may be conducted from the battery to the refrigerant within the fluid lines of the
refrigerant circuit. The battery cooler may transfer heat from the battery, when
the refrigerant circuit of the vehicle is not connected to the refrigerant circuit of
the charging station, for example during driving of the vehicle. The fluid lines
may feed the refrigerant inside the battery, where the refrigerant is passed be-
tween refrigeration plates inside the battery. The refrigeration plates inside the
battery act as a heat sink. Refrigerant heated by the battery is directed to the
battery cooler for transferring heat from the refrigerant. The battery cooler may
be a heat pump for example.

The refrigerant circuit of the charging station may comprise a cool-
iIng system. Preferably the refrigeration power of the refrigerant circuit of the
charging station is greater than the refrigeration power of the vehicle's refriger-
ant circuit. The refrigerant circuit may be adapted to reach the cooling power
by designing the components of the refrigerant circuit, e.g. the cooling system,
fluid lines and the refrigerant to meet desired cooling power that is greater than
the cooling power of the vehicle’s refrigerant circuit. In one example, the cool-
Ing system may have a greater cooling power than the battery cooler. The re-
frigerants used in the refrigerant circuits may be different or of the same type.
The cooling system may comprise a water supply line of a mine or the cooling
system may be a part of a water supply line of a mine. In this way water from
the water supply line of the mine may be used to cool down the battery during
charging of the battery. After the water has been used to cool down the bat-
tery, for example after the water has passed the fluid-fluid heat exchanger, the
water may be fed to a sewerage system. Alternatively or additionally the water
may be directed after the fluid-fluid heat exchanger to a water system of the
vehicle, e.g. a mining machine. In the water system of the mining machine the
water may be used for flushing drilling holes and for removing or tying down
dust, which may be particularly useful in continuous mining machines. The
charging station, vehicle and sewerage system and their refrigerant circuits
may be provided with appropriate connections, valves and/or piping for direct-
ing water from the fluid-fluid heat exchanger.In an embodiment, water from a
water system of the vehicle, for example the mining machine, may be used to
enhance cooling of the battery. The water system may be used in the mining
machine for supplying water to one or more mining operations. Examples of
the mining operations include drilling, for example. The water system may be
used for flushing drilling holes and for removing or tying down dust, for exam-
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ple. The water from the water system of the mining machine may be fed to the
refrigerant circuit of the mining machine for cooling down the battery continu-
ously or at times, when the battery is operated at a high power. The battery
may be operated at a high power, when the battery supplies a substantial part
of the power, for example a drilling power, needed by the mining machine, or
the battery is used for buffering input power of the mining machine.

In an embodiment, flow of the refrigerant in the cooling system of re-
frigerant circuit of the charging station may be controlled. The cooling system
may comprise for example an evaporator 212 and optionally a condenser (not
shown). The evaporator may cool down refrigerant from the fluid lines by air
moving through the evaporator. The condenser may receive refrigerant in gas
phase from the fluid lines. In the condenser, the refrigerant may be cooled
down and converted to liquid phase. From the condenser the refrigerant may
be fed back to the fluid lines.

The refrigerant may be controlled to flow through the evaporator,
when the refrigerant circuits of the vehicle and the charging station are not
connected, and the refrigerant may be controlled to flow through the fluid-fluid
heat exchanger, when the refrigerant circuits are connected via the fluid-fluid
heat exchanger.

The fluid-fluid heat exchanger may be connected the fluid lines be-
hind a valve 203 such that flow of the refrigerant through the fluid-fluid heat
exchanger may be controlled, for example switched on or off. The evaporator
may be connected to the fluid lines behind a valve 213 such that flow of the
refrigerant through the evaporator may be controlled, for example switched on

or off. The valves may be located in upstream direction from the fluid-fluid heat
exchanger and/or the evaporator. The upstream direction may refer to a direc-

tion against the flow of the refrigerant.

In one example, flow of the refrigerant may be controlled such that
the flow of the refrigerant through the fiuid-fluid heat exchanger 202 may be
switched off, when the refrigerant circuits of the vehicle and the charging sta-
tion are not connected. The refrigerant circuits are not connected, for example,
when the vehicle is not positioned at the charging station for charging the bat-
tery. When the battery is not charged, the vehicle may be moving as powered
by the stored energy discharging from the battery. Accordingly, when the re-
frigerant circuits are not connected, the refrigerant circuit of the charging sta-

tion may circulate the refrigerant via the evaporator 212 and the condenser to
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cool down the refrigerant. In this way the refrigerant may be cooled down be-
tween charging operations of batteries, which may be charging operations of
the same battery or charging operations of different batteries. Accordingly,
when the flow of the refrigerant through the fluid-fluid heat exchanger is
switched off, the flow of the refrigerant through the evaporator may be
switched on.

In one example, flow of the refrigerant may be controlled such that
the flow of the refrigerant through the evaporator 212 may be switched off,
when the vehicle is positioned at the charging station for charging the battery
and the refrigerant circuits of the vehicle and the charging station are connect-
ed. When the refrigerant circuits are connected the refrigerant circuit of the
charging station may circulate the refrigerant via the fluid-fluid heat exchanger
202 and the condenser to cool down the refrigerant. Accordingly, when the
flow of the refrigerant through the evaporator is switched off, the flow of the
refrigerant through the fluid-fluid heat exchanger may be switched on.

In an embodiment, flow of the refrigerant in the cooling system of
vehicle may be controlled. The refrigerant of the refrigerant circuit of the vehi-
cle may be directed via the fluid-fluid heat exchanger, when the refrigerant cir-
cuit of the vehicle and the refrigerant circuit of the charging station are con-
nected, for example during charging of the battery. On the other hand, when
the refrigerant circuits are not connected the refrigerant of the refrigerant circuit
of the vehicle may be directed to the battery cooler. The controlling may be
provided by the three-way valve 216.

In an embodiment, refrigerant of the refrigerant circuit of the vehicle
may be directed via the fluid-fluid heat exchanger from different portions of the
refrigerant circuit of the vehicle. One of the portions may comprise the battery
210 and the other portion may comprise the battery cooler 204. The three-way
valve may be used to direct the flow of refrigerant from the battery or battery
cooler to the fluid-fluid heat exchanger. The refrigerant circuits of the vehicle
and the charging station are connected, e.g. during the battery is charged, in
order to cool down the refrigerant flowing through the fluid-fluid heat exchang-
er.

In an embodiment, during charging of the battery refrigerant from
the refrigerant circuit comprising the battery may be directed via the fluid-fluid
heat exchanger and after the battery is charged, refrigerant from the portion of
the refrigerant circuit comprising the battery cooler may be directed via the flu-
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id-fluid heat exchanger. In this way the battery cooler may be cooled down be-
fore the refrigerant circuits are disconnected and the vehicle is moved away
from the charging station to perform its tasks.

An embodiment comprises an apparatus, for example a mining ma-
chine or a charging station, comprising at least one processor, memory and a
computer program code, wherein the at least one memory and the computer
program code are configured to, with the at least one processor, cause the
apparatus perform one or more functions or steps of an embodiment.

One or more functions described in the embodiments above and re-
lated to for example control of refrigerant in one or more refrigerant circuits
may be iImplemented by control valves, e.g. two or three-way valves, that are
electronically or manualily controlled. One or more valves may be controlled by
a common controller or the valves may be controlled by separate controllers. A
controller may refer to a processor. The processor may be connected to a
memory and a communications part electrically. The memory may store com-
puter program code that when executed by the processor causes performing
one or more functions or steps of an embodiment.

The communications part may be a an electrical interface, connect-
or or a communications module that is capable of obtaining electrical signals,
commands and/or messages from the processor to one or more control valves.
The communications may comprise digital or analogue communications. The
communications may be wired or wireless communications. The communica-
tions may be implemented by various communications protocols and technolo-
gies, for example Ethernet, IEEE™ 802.11 based Wireless Local Area Net-
work, Internet Protocol, Hart® and Profibus™. One or more sensors may be

connected to the communications part such that data from the sensors may be
used to in controlling the valves.

Embodiments as described may also be carried out in the form of a

computer process defined by a computer program. The computer program
may be in source code form, object code form, or in some intermediate form.

and It may be stored in some sort of carrier, which may be any entity or device
capable of carrying the program. For example, the computer program may be
stored on a computer program distribution medium readable by a computer or
a processor. The computer program medium may be, for example but not lim-
ited to, a record medium, computer memory, read-only memory, electrical car-
rier signal, telecommunications signal, and software distribution package, for
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example.

The processor may be a computer processor, application-specific
integrated circuit (ASIC), field-programmable gate array (FPGA), and/or any
other hardware component that has been programmed in such a way to carry
out one or more functions of an embodiment.

The memory may include volatile and/or non- volatile memory and
typically stores content, data, or the like. For example, the memory may store
computer program code such as software applications or operating systems,
information, data, content, or the like for the processor to perform steps asso-
ciated with operation of the apparatus in accordance with embodiments. in the
illustrated embodiment, the memory may be, for example, random access
memory (RAM), a hard drive, or other fixed data memory or storage device.
Further, the memory, or part of it, may be removable memory detachably con-
nected to the control unit.

It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The in-
vention and its embodiments are not limited to the examples described above
but may vary within the scope of the claims. One advantage of the invention is
that the heat caused when charging the battery can be feeded out of the mine
via the water supply lines in the mine.
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CLAIMS
1. A -mining machine comprising:

a battery for storing electrical energy:

a refrigerant cirbuit for circulating a refrigerant via the battery;

a connection for connecting the refrigerant circuit to a refrigerant cir-

cuit of a charging station via a fluid-fluid heat exchanger:;

a water system for mining operations;

and that the water from the water system for mining operations is fed
to the refrigerant circuit of the mining machine for cooling down the battery.

2. The mining machine according to claim 1, wherein the mining ma-
chine comprises the fluid-fluid heat exchanger and the fluid-fluid heat exchanger
IS connectable to the refrigerant circuit of the charging station for transferring
heat between the refrigerant circuit of the mining machine and the refrigerant

circuit of the charging station, when the refrigerant circuits are connected via the
fluid-fluid heat exchanger.

3. The mining machine according to either one of claims 1 or 2,
wherein during charging of the battery, the refrigerant of the refrigerant circuit of
the mining machine is directed via the fluid-fluid heat exchanger for transferring

heat from the battery to the refrigerant circuit of the charging station connected
to the fluid-fluid heat exchanger.

4. The mining machine according to any one of claims 1, 2 or 3,
wherein the battery is cooled by a battery cooler of the refrigerant circuit of the

mining machine, when power stored to the battery is consumed by the mining
machine.

9. The mining machine according to any one of claims 1, 2, 3 or 4.

wherein the refrigerant of the refrigerant circuit of the mining machine is directed
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via the fluid-fluid heat exchanger from at least one portion of the refrigerant cir-
cuit of the mining machine, wherein a first portion of the refrigerant circuit of the
mining machine comprises the battery and a second portion of the refrigerant
circuit of the mining machine comprises the battery cooler, when the refrigerant
circuit of the charging station is connected to the fluid-fluid heat exchanger.

6. The mining machine according to claim 5, wherein during charging
of the battery refrigerant from the first portion of the refrigerant circuit of the min-
Ing machine is directed via the fluid-fluid heat exchanger and after the battery is
charged, refrigerant from the second portion of the refrigerant circuit of the min-
Ing machine is directed via the fluid-fluid heat exchanger.

7. The mining machine according to any one of claims 1, 2, 3, 4. 5 or
6, wherein water from the water system for mining operations is fed to the refrig-
erant circuit of the mining machine for cooling down the battery continuously or
at times, when the battery is operated at a high power such that a substantial
part of the power, for example a drilling power, needed by the mining machine,

IS supplied by the battery, or the battery is used for buffering input power of the
mining machine.

8. The mining machine according to any one of claims 1,2, 3,4, 5, 6
or /7, wherein the battery is a lithium-ion battery.

9. A charging station comprising:

an electrical outlet for charging a battery with electrical energy;

a refrigerant circuit;

a connection for connecting the refrigerant circuit via a fluid-fluid heat
exchanger to another refrigerant circuit connected to the battery of a mining ma-
chine; and

that the refrigerant circuit of the charging station is connect‘ed to oris
a part of a water supply line in a mine.
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10. The charging station according to claim 9, wherein the fluid-fluid
heat exchanger is located in the charging station or in the mining machine ac-
cording to any one of claims 1 to 8.

11. The charging station according to either one of claims 9 or 10,
wherein during charging of the battery via the electrical outlet, refrigerant from
the refrigerant circuit of the charging station is circulated via the fluid-fluid heat
exchanger for transferring heat between the refrigerant circuit connected to the

battery of the mining machine and the refrigerant circuit of the charging station,
when the refrigerant circuits are connected via the fluid-fluid heat exchanger.

12. The charging station according to any one of claims 9, 10 or 11,
wherein the refrigerant circuit of the charging station comprises an evaporator,
wherein the refrigerant in the refrigerant circuit of the charging station is con-
trolled to flow through the evaporator, when the refrigerant circuits are not con-
nected via the fluid-fluid heat exchanger, and the refrigerant in the refrigerant
circuit of the charging station is controlled to flow through the fluid-fluid heat

exchanger, when the refrigerant circuits are connected via the fluid-fluid heat
exchanger.
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