wo 2025/147201 A1 |0 00000 A0 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
10 July 2025 (10.07.2025)

(10) International Publication Number

WO 2025/147201 A1l

WIPO I PCT

(51) International Patent Classification:
HO02J 7/00 (2006.01)

(21) International Application Number:
PCT/SE2024/050002

(22) International Filing Date:
02 January 2024 (02.01.2024)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant: EPIROC ROCK DRILLS AKTIEBOLAG
[SE/SE]; 701 91 Orebro (SE).

(72) Inventor: MAJUMDER, Ritwik; c/o Epiroc Rock Drills
AB, 70191 Orebro (SE).

(74) Agent: EPIROC ROCK DRILLS AB; Patents, 701 91
Orebro (SE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN,HR,HU, ID, IL, IN, IQ, IR, IS, IT, IM, JO, JP, KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,

NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC. SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM. TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU,LV,MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))
in black and white; the international application as filed

contained color or greyscale and is available for download
Jirom PATENTSCOPE

(54) Title: CHARGING STATION FOR CHARGING MINING/CONSTRUCTION VEHICLE BATTERIES

1]

130

L)

Fig. 1a

(57) Abstract: The disclosure relates to a charging station (100) for charging mining/construction vehicle batteries The charging station
(100) comprises at least one converter (110) configured to be connected to a first voltage network (N1) or a second voltage network
(N2) and convert a voltage of the first voltage network (N1) to a first charging voltage (V1) or convert a voltage of the second voltage

network (N2) to a second charging voltage (V5. The charging station (100) further comprises at least one battery charger (120)
connected to the converter (110) and being configured to charge at least one battery (130) with the first charging voltage (V1) or the

second charging voltage (Vz,) based on a measurement of the first voltage network (N1) and/or a measurement of the battery (130).

Furthermore, the disclosure also relates to a corresponding method for charging mining/construction vehicle batteries.
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CHARGING STATION FOR CHARGING MINING/CONSTRUCTION VEHICLE
BATTERIES

Technical Field
The disclosure relates to a charging station for charging mining/construction vehicle
batteries. Furthermore, the disclosure also relates to a charging system and

corresponding methods.

Background

Electrified mining/construction vehicles provide an opportunity to reduce the
environmental footprint and create a healthier work environment in mining/construction
environments. The electrified mining/construction vehicle is driven by one or more
electric motors which in turn may be powered by an electric grid system and/or an on-
board electrical storage system (ESS) comprising e.g., one or more batteries or battery
packs. Compared to diesel vehicles, the electrified mining/construction vehicles are
emission free and can hence brings considerable savings, especially for ventilation

and cooling in the mining/construction environments.

As the electrified mining/construction vehicle travels around the mining/construction
site performing one or more tasks, the charge level of the on-board ESS decreases,
and the electrified mining/construction needs to be re-charged at regular intervals. The
charging may be performed at a charging station and the mining/construction site

typically comprises a number of charging stations in different locations for this purpose.

Summary
An objective of embodiments of the disclosure is to provide a solution which mitigates

or solves the drawbacks of conventional solutions.

Another objective of embodiments of the disclosure is to provide a charging station

which provides an efficient charging of mining/construction vehicles batteries.

The above and further objectives are solved by the subject matter of the appended

independent claims.
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According to a first aspect of the disclosure, the above mentioned and other objectives
are achieved with a charging station for charging mining/construction vehicle batteries,
the charging station comprising:

at least one converter configured to be connected to a first voltage network or a
second voltage network and convert a voltage of the first voltage network to a first
charging voltage or convert a voltage of the second voltage network to a second
charging voltage; and

at least one battery charger connected to the converter and being configured to
charge at least one battery with the first charging voltage or the second charging
voltage based on a measurement of the first voltage network and/or a measurement

of the battery.

An advantage of the control arrangement according to the first aspect is that the quality
of the charging power and grid strength can be maintained due to the consideration of
the measurement of the first voltage network and the measurement of the battery.
Further, the impact of the charging current on the grid voltage may also be reduced.

Thereby, improved charging is provided compared to conventional solutions.

In an embodiment of a charging station according to the first aspect, the charging
station is configured to:
charge the battery with the first charging voltage or the second charging voltage

further based on a measurement of the second voltage network.

An advantage with this embodiment form is that yet another relevant parameter is
considered for determining whether to charge the battery with the first charging voltage

or the second charging voltage for improved charging.

In an embodiment of a charging station according to the first aspect, the charging
station is configured to:

charge the battery with the first charging voltage or the second charging voltage
further based on at least one voltage threshold value or a charging current threshold

value.
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An advantage with this embodiment form is that a threshold value is used for
determining whether to charge the battery with the first charging voltage or the second

charging voltage for improved charging.

In an embodiment of a charging station according to the first aspect, the at least one

voltage threshold value comprises zero voltage.

An advantage with this embodiment form is that it may be detected if there exists a
voltage in the first voltage network or the second voltage network. Thus, the battery is
guaranteed to be charged. Correspondingly, the charging current threshold value is

used to check if there is a current flow in the voltage networks.

In an embodiment of a charging station according to the first aspect, the measurement

of the battery is a state-of-charge measurement.

In an embodiment of a charging station according to the first aspect, the charging
station is configured to:

charge the battery with the first charging voltage or the second charging voltage
further based on any of a grid tariff, a grid service requirement and a change in
renewable power generation of the first voltage network and/or the second voltage

network.

An advantage with this embodiment form is that further relevant parameters are
considered for determining whether to charge the battery with the first charging voltage

or the second charging voltage for improved charging and grid operation.

In an embodiment of a charging station according to the first aspect, the charging
station comprises:

at least two converters, wherein a first converter is configured to be connected to
the first voltage network and provide the first charging voltage and a second converter
is configured to be connected to the second voltage network and provide the second

charging voltage.
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An advantage with this embodiment form is that the circuit topology of the charging
station may be adapted to different charging requirements and/or voltage network

configurations.

In an embodiment of a charging station according to the first aspect, the first converter
is configured to be connected between the first voltage network and the battery charger
and the second converter is configured to be connected between the second voltage

network and the battery charger.

In an embodiment of a charging station according to the first aspect, the charging
station comprises:

at least two battery chargers, wherein a first battery charger is configured to be
connected to the first converter and charge the battery with the first charging voltage
and a second battery charger is configured to be connected to the second converter

and charge the battery with the second charging voltage.

An advantage with this embodiment form is that the circuit topology of the charging
station may be adapted to different charging requirements and/or voltage network

configurations.

In an embodiment of a charging station according to the first aspect, the first battery
charger is configured to charge a first battery temporary stored at the charging station
and the second battery charger is configured to charge a second battery arranged in a

mining/construction vehicle.

An advantage with this embodiment form is the possibility of both charging the battery
stored at the charging station and the battery arranged in the mining/construction

vehicle.

In an embodiment of a charging station according to the first aspect, the first voltage
network and the second voltage network are connected to the same power source or

to different power sources.
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An advantage with this embodiment form is that grid flexibility is provided. In the case
with the same power source, it is possible to charge with lower grid capacity. In the
case with different power sources the charger is connected to the desired voltage

network during capacity limits.

In an embodiment of a charging station according to the first aspect, the first voltage

network and the second voltage network are AC networks or DC networks.

According to a second aspect of the disclosure, the above mentioned and other
objectives are achieved with a charging system comprising at least one charging
station according to any one of the preceding claims, a first voltage network, a second

voltage network, and at least one battery.

In an embodiment of a charging system according to the second aspect, the battery is

a vehicle battery for a mining/construction vehicle.

According to a third aspect of the disclosure, the above mentioned and other objectives
are achieved with a method for charging mining/construction vehicle batteries, the
method comprises:
converting a voltage of a first voltage network to a first charging voltage or
converting a voltage of a second voltage network to a second charging voltage; and
charging at least one battery with the first charging voltage or the second charging
voltage based on a measurement of the first voltage network and/or a measurement

of the battery.

The method may be adapted in accordance with the above-mentioned embodiments
of the control arrangement. The advantages of the method are the same as the

advantages of the corresponding embodiments of the control arrangement.

According to an aspect of the disclosure, the above mentioned and other objectives
are achieved with one or more control units arranged to control the control arrangement
and/or the first electrified mining/construction vehicle to carry out the methods

according to any embodiment of the method aspects.



10

15

20

25

30

WO 2025/147201 PCT/SE2024/050002

According to further aspects of the present disclosure, the herein described methods
are implemented by use of computer program products comprising instructions which,
when the programs are executed by a computer, such as e.g., a herein mentioned
control unit, cause the computer to carry out the steps of the methods according to any

one of the herein described embodiments.

Further applications and advantages of embodiments of the disclosure will be apparent

from the following detailed description.

Brief Description of the Drawings
The appended drawings are intended to clarify and explain different embodiments of
the disclosure, in which:
— Figs. 1a-b show a charging station according to an embodiment of the
disclosure;
— Fig. 2 shows a charging station with a controller according to an embodiment of
the disclosure;
— Figs. 3a-b show a charging station and power sources according to an
embodiment of the disclosure;
— Fig. 4 shows a charging station with one battery charger and two converters
according to an embodiment of the disclosure;
— Fig. 5 shows a charging station with two battery chargers and two converters
according to an embodiment of the disclosure;
— Fig. 6 shows a charging station for charging two batteries according to an
embodiment of the disclosure;
— Fig. 7 shows a charging system according to an embodiment of the disclosure;
— Fig. 8 shows non-limiting examples of mining/construction vehicles according to
an embodiment of the disclosure; and
— Fig. 9 shows a flow chart of a method according to an embodiment of the

disclosure.

Detailed Description
According to embodiments of the disclosure a charging station 100 for charging
mining/construction vehicle batteries is provided. Figs. 1 to 6 shows the charging

station 100 according to embodiments of the disclosure. The charging station 100 can

6
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be used to charge a battery for a mining/construction vehicle. The battery may be a
vehicle battery comprising one or more battery cells, battery units and/or battery packs
and may, during the charging, be arranged in the mining/construction vehicle and/or
arranged separate from the mining/construction vehicle, e.g., temporarily stored at the
charging station 100. The charging station 100 can connect to two voltage networks
and can thereby provide an improved and more reliable charging of the

mining/construction vehicle battery.

With reference to Figs. 1a-b, the charging station 100 comprises at least one converter
110 configured to be connected to a first voltage network N1 or a second voltage
network N2. The converter 110 may hence be switched between being connected to
the first voltage network N1 or the second voltage network N2. The first voltage network
N1 and the second voltage network N2 may be alternating current (AC) networks or
direct current (DC) networks and may be connected to the same power source S or to
different power sources S1, S2, as will be further described below with reference to
Figs. 3a-b.

The converter 110 is configured to convert a voltage of the first voltage network N1 to
a first charging voltage V.4, or convert a voltage of the second voltage network N2 to
a second charging voltage V.4,. With reference to Fig. 1a, when the converter 110 is
connected to the first voltage network N1, as indicated with a solid line, the converter
110 converts a voltage of the first voltage network N1 to the first charging voltage V., .
However, when the converter 110 is connected to the second voltage network N2, the
converter 110 converts a voltage of the second voltage network N2 to the second
charging voltage V.4, as shown in Fig. 1b. The charging voltage Vg4, Vg, provided
by the charging station 100 may hence depend on which voltage network N1, N2 the
converter 110 is connected to. The converter 110 may comprise power electronics
configured to perform the conversion and may be an AC/DC converter or a DC/DC
converter depending on the current type of the voltage network. Any suitable AC/DC
converter and DC/DC converter may be employed in conjunction with the present

charging station 100.

The first charging voltage V.4, and the second charging voltage V.4, provided by the

converter 100 may have the same charging voltage level or different charging voltage



10

15

20

25

30

WO 2025/147201 PCT/SE2024/050002
levels. For example, the converter 110 may provide the same charging voltage
independent on whether the converter 110 is connected to the first voltage network N1
or the second voltage network N2. Alternatively, the converter 110 may provide a first
charging voltage level when connected to the first voltage network N1 and provide a
second charging voltage level different from the first charging voltage when connected

to the second voltage network N2. Thus, Veyy = Veyy OF Veyg # Veyz In embodiments.

The charging station 100 further comprises at least one battery charger 120 connected
to the converter 110 and being configured to charge at least one battery 130 with the
first charging voltage V., or the second charging voltage V., based on a
measurement of the first voltage network N1 and a measurement of the battery 130.
The measurement of the first voltage network N1 may be a measurement indicating
available voltage/current, i.e., the voltage/current that the first voltage network N1 is
able to provide for charging. The measurement of the first voltage network N1 may
also reflect the characteristic of the available voltage/current. The measurement of the
battery 130 on the other hand may be a state-of-charge measurement, ie., a
measurement indicating the current state-of-charge of the battery 130. However, also

other battery measurements may be used such as rate-of-charge and charging current.

Based on the measurement of the first voltage network N1 and the measurement of
the battery 130, the charging station 100 may hence determine whether the first voltage
network N1 has enough capacity to charge the battery 130 or not. For example, a low
state-of-charge measurement means that a stronger voltage network is required to
charge the battery 130. If the first voltage network N1 is not able to provide the required
charging voltage/current, the charging station 100 may determine to switch to the
second voltage network N2 such that the converter 110 provides the second charging

voltage Vi y».

Thus, in embodiments the input connection of the converter 110 may be configured to
switch from the first voltage network N1 to the second voltage network N2, or switch
from the second voltage network N2 to the first voltage network N1 based on the herein
disclosed parameters. Yet further examples relate to the case when the input
connection of the converter 110 is connected to the first voltage network N1 and remain

connected to the first voltage network N1 based on the herein disclosed parameters,



10

15

20

25

30

WO 2025/147201 PCT/SE2024/050002

or when the input connection of the converter 110 is connected to the second voltage
network N2 and remain connected to the second voltage network N2 based on the

herein disclosed parameters.

With reference to Fig. 2, the charging station 100 may comprise a controller 140 for
controlling the converter 110 and the battery charger 120 to charge the battery 130
with the first charging voltage V., or the second charging voltage V.4,. The controller
140 may be configured to obtain measurements of the first voltage network N1 and
measurements of the battery 130. The measurements of the first voltage network N1
may be provided to the controller 140 from the first voltage network N1 and the
measurement of the battery 130 may be provided to the controller 140 from the battery
300, as indicated with dashed lines in Fig. 2. However, the measurement of the first
voltage network N1 and/or the measurement of the battery 130 may in embodiments
be provided in other ways such as e.g., from a central controller and or control nodes
distributed in a system (not shown). Based on the measurements of the first voltage
network N1 and the measurements of the battery 130, the controller 140 may connect
the converter 110 to the first voltage network N1 to charge the battery 130 with the first
charging voltage V., or connect the converter 110 to the second voltage network N2
to charge the battery 130 with the second charging voltage V.y,. The controller 140
may e.g., control one or more switches of the charging station (not shown in Figs.) to
connect the converter 110 to the first voltage network N1 or the second voltage network
N2. In embodiments when communication is performed between the controller 140 and
other parts/devices/components of the charging station and remote entities any
suitable communication protocols and communication interfaces may be used. The
communication may be performed using wired and/or wireless communications and

be based on standardised communication systems.

In embodiments, the charging station 100 may consider measurements of both the first
voltage network N1 and the second voltage network N2 when determining from which
network to charge the battery 130. Thus, the charging station 100 may charge the
battery 130 with the first charging voltage V., or the second charging voltage V g,
further based on a measurement of the second voltage network N2. In this way, the

charging station 100 can ensure that the most suitable voltage network is selected and
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that the converter 100 is not switched to a voltage network which is not able to provide

the required charging voltage/current.

In embodiments, the charging station 100 may charge the battery 130 with the first
charging voltage V.4, or the second charging voltage V., further based on at least
one voltage threshold value or a current threshold value. The charging station 100 may
e.g., compare a voltage measurement of the first voltage network N1 and/or a voltage
measurement of the second voltage network N2 with the voltage threshold value. If the
voltage of the first voltage network N1 is below the voltage threshold value and/or the
voltage of the second voltage network N2 is equal to or above the voltage threshold
value, the charging station 100 may determine to switch from the first voltage network
N1 to the second voltage network N2. In a similar way, the current threshold value may
be compared to a current measurement of the first voltage network N1 and/or a current

measurement of the second voltage network N2.

In embodiments, the at least one voltage threshold value comprises or is equal to zero
voltage. Thus, it may be determined whether the first voltage network N1 and/or the
second voltage network N2 is energized or not. The charging station 100 may e.g.,
determine to connect to the second voltage network N2 and charge with the second
charging voltage V.y,, if the measurement of the first voltage network N1 indicates
zero voltage, i.e., that the first voltage network N1 is not energized and hence cannot
provide any charging voltage/current. Naturally, the voltage/current threshold value
may be set to other values to suit different applications having different charging
requirements. The voltage/current threshold value may also be dependent on the

voltage network configuration.

In embodiments, the charging station 100 may charge the battery 130 with the first
charging voltage V.4, or the second charging voltage V., further based on any of
parameters: a grid tariff, a grid service requirement and a renewable power generation
of the first voltage network N1 and/or the second voltage network N2. In other words,
the charging station 100 may change from the first voltage network N1 to the second
voltage network N2 or vice versa based on characteristics of the first voltage network
N1 and/or the second voltage network N2 related to grid tariff, grid service requirement

and/or renewable power generation. The grid tariff may indicate the cost of power from

10
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a voltage network, and the charging station 100 may select to use the voltage network
providing the lowest cost for charging. The grid service may be related to e.g.,
frequency support, reactive power etc. and the charging station 100 may select the
voltage network supporting a specific grid service for charging. The renewable power
generation may influence the stability, the environmental impact and/or the cost of the
first voltage network N1 and/or the second voltage network N2. Depending on the
renewable power generation, the charging station 100 may e.g., select the voltage

network with the smallest or largest portion of renewable power generation.

With reference to Figs. 3a-b, the first voltage network N1 and the second voltage
network N2 may be connected to the same power source S or to different power
sources S1, S2. In Fig. 3a, the first voltage network N1 and the second voltage network
N2 are connected to the same power source S1. The first voltage network N1 and the
second voltage network N2 may be connected with an electrical line to the same power
source S and/or with separate lines to the same power source S. In Fig. 3b, the first
voltage network N1 and the second voltage network N2 are connected to different
power sources S1, S2. The first voltage network N1 is thus connected to a first power
source S1 and the second voltage network N2 is connected to a second power source
S2 different from the first power source S1. The power sources S, S1, S2 may be AC
power sources, DC power sources and/or renewable power sources such as e.g., wind

or solar power.

In embodiments, the charging station 100 may comprise at least two converters 110,
110" and/or at least two battery chargers 120, 120°. In this way, a respective converter
110, 110" may be connected to a respective voltage network N1, N2. Furthermore,
separate converters 110, 110" and/or battery chargers 120, 120" may be used for the

first charging voltage V.4, and the second charging voltage V y..

Fig. 4 shows the charging station 100 according to an embodiment where the charging
station 100 comprise two converters 110, 110" and one battery charger 120. A first
converter 110 is configured to be connected to the first voltage network N1 and provide
the first charging voltage V.4, and a second converter 110" is configured to be
connected to the second voltage network N2 and provide the second charging voltage

Veno. With reference to Fig. 4, the first converter 110 may be configured to be

11
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connected between the first voltage network N1 and the battery charger 120 and the
second converter 110" may be configured to be connected between the second voltage
network N2 and the battery charger 120. In the shown embodiment, it is assumed that
the first converter 110 is connected to the first voltage network N1 and provides the
first charging voltage V., to the battery charger 120, as indicated with solid lines. The

battery 130 is hence charged with the first charging voltage V.y,.

Fig. 5 shows the charging station 100 according to an embodiment where the charging
station 100 comprise two converters 110, 110" and two battery chargers 120, 120", In
the embodiment shown in Fig. 5, a first battery charger 120 is configured to be
connected to the first converter 110 and charge the battery 130 with the first charging
voltage V., and a second battery charger 120" is configured to be connected to the
second converter 110" and charge the battery 130 with the second charging voltage
Vens. When the first converter 110 is connected to the first voltage network N1, the
battery 130 is hence charged with the first charging voltage V5, by first battery charger
120. When the second converter 110” is connected to the second voltage network N2,
the battery 130 is charged with the second charging voltage V., by the second battery
charger 120"

Fig. 6 shows the charging station 100 according to an embodiment where the charging
station 100 is configured to charge two batteries 130, 130". In the embodiment shown
in Fig. 6, the charging station 100 comprise two converters 110, 110" and two battery
chargers 120, 120". The first battery charger 120 is configured to charge a first battery
130 temporary stored at the charging station 100 and the second battery charger 120°
is configured to charge a second battery 130" arranged in a mining/construction vehicle
400. The first battery charger 120 may be connected to the first converter 110 and
charge the first battery 130 with the first charging voltage V.4, or connected to the
second converter 110" and charge the first battery 130 with the second charging
voltage V... The second battery charger 120" may be connected to the first converter
110" and charge the second battery 130" with the first charging voltage V.4, or
connected to the second converter 110" and charge the second battery 130" with the

second charging voltage V.y,, as indicated in Fig. 6.

12
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In other embodiments (not shown in Figs.), the first battery charger 120 may be
connected to the first converter 110 and charge the first battery 130 with the first
charging voltage V.4, or the second charging voltage V.4, depending on whether the
first converter 110 is connected to the first voltage network N1 or the second voltage
network N2. In a similar way, the second battery charger 120° may be connected to
the second converter 110" and charge the second battery 130" with the first charging
voltage V., or the second charging voltage V.4, depending on whether the second
converter 110" is connected to the first voltage network N1 or the second voltage
network N2. Furthermore, the first battery charger 120 and the second battery charger
120" may be connected to the same converter 110 and each provide the first charging
voltage V.4, or the second charging voltage V.4, depending on whether the converter

110 is connected to the first voltage network N1 or the second voltage network N2.

According to embodiments of the disclosure a charging system 300 comprising at least
one charging station 100 according to any one of the herein described embodiments
is provided. Fig. 7 shows the charging system 300 according to an embodiment where
the charging system comprises two charging stations 100, 100", the first voltage
network N1, the second voltage network N2, and two batteries 130, 130". Each battery
130; 130" may be a vehicle battery for a mining/construction vehicle 400. In the shown
embodiment, a first battery 130 is arranged stand-alone, i.e., currently not arranged in
a mining/construction vehicle 400, and connected to the first charging station 100 for
charging. A second battery 130 is arranged in a mining/construction vehicle 400 and
is connected to a second charging station 100" for charging. The first battery 130 may
e.g., be temporary stored at the first charging station 100 for charging of the first battery
130. When charged the first battery 130 may be swapped with an empty or near empty

battery in a mining/construction vehicle 400.

The first charging station 100 and/or the second charging 110" may provide the first
charging voltage V.4, or the second charging voltage V.4, based on at least a
measurement of the first voltage network N1 and a measurement of the battery 130,

1307, as described according to any one of the herein described embodiments.

The mining/construction vehicle 400 may be any type of vehicle used in a mining and/or

construction environment/site such as e.g., a drill rig, a truck, a loader, a digging

13
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machine, etc. With reference to Fig. 8, the mining/construction vehicle 400 may e.g.,
be a drill rig, a loading, hauling and dumping (LHD) machine or a mine truck but is not
limited thereto. The mining/construction vehicle 400 may comprise a battery 130 which
may be charge by the charging station 100 according to any of the herein described
embodiments. The mining/construction vehicle 400 may be an electrified

mining/construction vehicle.

According to an aspect of the disclosure a method 200 for charging mining/construction
vehicle batteries is provided. The method 200 may be performed by the charging
station 100 according to any of the herein described embodiments. Fig. 9 shows a flow
chart of the method 200. The method 200 comprises converting 202 a voltage of the
first voltage network N1 to a first charging voltage V.4, or converting a voltage of the
second voltage network N2 to a second charging voltage V.4,. The method 200 further
comprises charging 204 at least one battery 130 with the first charging voltage V., or
the second charging voltage V.5, based on a measurement of the first voltage network

N1 and a measurement of the battery 130.

According to embodiments of the disclosure, the charging station 100 may comprise
or be connected to a control unit arranged to control the charging station 100 to carry
out one or more of the steps of the method 200. The control unit may hence be
arranged/configured/programmed with instruction to control the charging station 100
to perform the steps of any of the herein described embodiments. The control unit may

be the same device as the previously mentioned controller 140 or a stand-alone device.
Finally, it should be understood that the disclosure is not limited to the embodiments

described above, but also relates to and incorporates all embodiments within the scope

of the appended independent claims.

14
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CLAIMS

1. A charging station (100) for charging mining/construction vehicle batteries, the
charging station (100) comprising:

at least one converter (110) configured to be connected to a first voltage network
(N1) or a second voltage network (N2) and convert a voltage of the first voltage network
(N1) to a first charging voltage (V.y,) or convert a voltage of the second voltage
network (N2) to a second charging voltage (V.y4,); and

at least one battery charger (120) connected to the converter (110) and being
configured to charge at least one battery (130) with the first charging voltage (V.y,) or
the second charging voltage (V.y,) based on a measurement of the first voltage

network (N1) and/or a measurement of the battery (130).

2. The charging station (100) according to claim 1, configured to:

charge the battery (130) with the first charging voltage (V.y,) or the second
charging voltage (V.y,) further based on a measurement of the second voltage network
(N2).

3. The charging station (100) according to claim 1 or 2, configured to:
charge the battery (130) with the first charging voltage (V.y,) or the second
charging voltage (V.y,) further based on at least one voltage threshold value or a

charging current threshold value.

4. The charging station (100) according to claim, wherein the at least one voltage

threshold value comprises zero voltage.

5. The charging station (100) according to any one of the preceding claims, wherein

the measurement of the battery (130) is a state-of-charge measurement.

6. The charging station (100) according to any one of the preceding claims, configured
to:
charge the battery (130) with the first charging voltage (V.y,) or the second

charging voltage (V.y,) further based on any of a grid tariff, a grid service requirement
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and a change in renewable power generation of the first voltage network (N1) and/or

the second voltage network (N2).

7. The charging station (100) according to any one of the preceding claims, comprising:

at least two converters (110, 1107), wherein a first converter (110) is configured
to be connected to the first voltage network (N1) and provide the first charging voltage
(Veya) @and a second converter (1107) is configured to be connected to the second

voltage network (N2) and provide the second charging voltage (Vg2 ).

8. The charging station (100) according to claim 7, wherein the first converter (110) is
configured to be connected between the first voltage network (N1) and the battery
charger (120) and the second converter (1107) is configured to be connected between

the second voltage network (N2) and the battery charger (120).

9. The charging station (100) according to claim 7, comprising:

at least two battery chargers (120, 1207), wherein a first battery charger (120) is
configured to be connected to the first converter (110) and charge the battery (130)
with the first charging voltage (V.4,) and a second battery charger (120") is configured
to be connected to the second converter (1107) and charge the battery (130) with the

second charging voltage (Viy2).

10. The charging station (100) according to claim 9, wherein the first battery charger
(120) is configured to charge a first battery (130) temporary stored at the charging
station (100) and the second battery charger (1207) is configured to charge a second

battery (130") arranged in a mining/construction vehicle (400).

11. The charging station (100) according to any one of the preceding claims, wherein
the first voltage network (N1) and the second voltage network (N2) are connected to

the same power source (S1) or to different power sources (S1, S2).
12. The charging station (100) according to any one of the preceding claims, wherein

the first voltage network (N1) and the second voltage network (N2) are AC networks

or DC networks.
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13. A charging system (300) comprising at least one charging station (100) according
to any one of the preceding claims, a first voltage network (N1), a second voltage

network (N2), and at least one battery (130).

14. The charging system (300) according to claim 13, wherein the battery (130) is a

vehicle battery for a mining/construction vehicle.

15. A method (200) for charging mining/construction vehicle batteries, the method
(200) comprising:

converting (202) a voltage of the first voltage network (N1) to a first charging
voltage (V.y,) or converting a voltage of the second voltage network (N2) to a second
charging voltage (V.y4,); and

charging (204) at least one battery (130) with the first charging voltage (V.4,) or
the second charging voltage (V.y,) based on a measurement of the first voltage

network (N1) and/or a measurement of the battery (130).

16. A computer program with a program code for performing a method according to

claim 15 when the computer program runs on a computer.
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