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(54) MOLTEN METAL TRANSPORT UNIT AND MOLTEN METAL TRANSPORTING METHOD

(57) Itis an objective of the invention to provide an
automated liquid or molten metal transport system and
an energy and process optimized method for liquid or
molten metal transport within a melting shop with high
operational safety within a tight space. Suggested for this
is a compact ladle transport unit (100). A base (10) com-
prises a power supply unit (15) to move the ladle transport
unit (100) on a flat surface or on rails (60) along a first
axis (A1) in a first direction and a second direction. A
control system is provided. A ladle lifting device (20;
21,22) is supported by the base (10), being rotatable
about a second axis (A2) perpendicular to the first axis
(A1) in vertical direction, the ladle lifting device having a

FIG. 1 2

ladle lifting portion (21) and a ladle tilting portion (22).
Theladle tilting portion (22)is connected to the ladle lifting
portion (21), wherein the ladle tilting portion (22) is move-
able vertically relative to the ladle lifting portion (21) along
a third axis (A3), perpendicular to the first axis (A1) in a
third direction and a fourth direction. The ladle tilting por-
tion (22) comprises a tilting device (30) that is rotatable
about a fourth axis (A4) perpendicular to the third axis
(A3) and relative to the ladle tilting portion (21). A con-
necting device (40, 41, 43) is provided to safely connect
a ladle to the ladle transport unit (100), and the connec-
tion device (40, 41, 43) forms a free end of the ladle tilting
device (30).
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Description

[0001] The invention refers to a generally automated process for liquid or molten metal transport from a ladle change
unit to a furnace and back to the ladle change unit. The invention further refers to a respective ladle transport unit, which
can be used in the process to transport the liquid or molten metal, wherein the area of operations of the ladle transport
unit is restricted to the melting shop of a foundry plant.

[0002] As the temperature of liquid metal is very high, it is a critical operation to safely transport liquid metal from a
furnace to a moulding plant. EP 2 427 283 B1 refers to a process wherein a receptable for liquid metal is connected to
a forklift-like apparatus, which can vertically move the receptable. The apparatus with the receptable collects liquid metal
from a furnace. From the furnace the apparatus drives to a hand-over point, tilts the receptable, and pours the liquid
metal from the receptable into a ladle connected to a second forklift-like apparatus which moves the ladle towards the
moulding plant. Pouring the liquid metal from the receptacle into the ladle carries with it the danger of liquid metal
sputtering, and at the same time lowers the temperature of the liquid metal uncontrollable.US 2017/0232507 A1 refers
to a process to deliver liquid metal in a foundry plant from a furnace to moulds of a moulding plant, wherein a ladle is
moved by a first apparatus from a first hand-over point through the melting shop, and back to first the hand-over point.
At the first hand-over point the filled ladle is transferred to a second apparatus which drives the ladle to a second hand-
over point where it is transferred to a pouring machine. The first apparatus can move the ladle vertically and horizontally
to compensate for different filling levels of the furnace. The proposed plant needs a lot of space and due to the multiple
hand-over point is susceptible to failure resulting in high maintenance efforts.

[0003] Itis an objective of the invention to provide an automated liquid or molten metal transport system and an energy
and process optimized method for liquid or molten metal transport within a melting shop with high operational safety
within a tight space.

[0004] The objective is solved by the ladle transport unit according to claim 1 and the method for liquid or molten metal
transport according to claim 16.

[0005] One aspect of the invention refers to a ladle transport unit or a compact ladle transport unit to be used in a
melting shop of a foundry plant. The ladle transport unit comprises a base with a power supply unit and preferably a
motor which moves the ladle transport unit on a flat or even surface or on rails preferably mounted on a flat or even
surface along a first axis in a first direction and a second direction. Preferably the second direction is opposite to the
first direction, preferably along a horizontal.

[0006] The power supply unit can be a control cabinet or control box. Less preferable the power supply can comprise
a battery, especially a rechargeable battery.

[0007] The ladle transport unit further comprises a control system, comprising for example specified interfaces for
signal exchange, preferably wireless. Signals can be exchanged with a remote device, such as a central controller, a
cloud, a processing station of the foundry plant, or a portable device, for example a mobile phone. Signals can be sent
and/or received. The control system can comprise a computer unit to process the signals received and/or the signals to
be sent.

[0008] The control system caninitiate, control, and stop the movements of the ladle transport unit and all parts connected
to it according to a program stored in a ROM or RAM. Preferably the program stored can be started, stopped, and
optionally amended from a remote input device, such as a mobile with a touchscreen. All data measured and processed
by the control system can be stored in a memory to allow tracing of each single activity.

[0009] The ladle transport unit comprises a ladle lifting device connected to or supported by the base, wherein the
ladle lifting device can be rotated about a second axis perpendicular to the first axis, especially vertically directed. The
ladle lifting device has a ladle lifting portion and a ladle tilting portion.

[0010] The ladle tilting portion is connected to the ladle lifting portion, wherein the ladle tilting portion can move relative
to the ladle lifting portion along a third axis perpendicular to the first axis in a third direction and a fourth direction.
Preferably the fourth direction is opposite the third direction, preferably along a vertical. The ladle tilting portion can be
or can comprise a vertical adjustment slide connected to the ladle lifting portion.

[0011] The ladle lifting device of the ladle transport unit can be a composition of a rotatable socket (ladle lifting portion)
and a vertically moveable slide or sledge (ladle tilting portion).

[0012] A ladle tilting device is connected to the ladle tilting portion, wherein the ladle tilting device can rotate about a
fourth axis perpendicular to the third axis relative to the ladle lifting portion. Preferably the ladle tilting device can rotate
in clockwise and in anticlockwise direction.

[0013] The ladle transport unit further comprises a connecting device to safely connect a ladle to the ladle transport
unit. The connection device is formed on a free end of the ladle tilting device.

[0014] The connecting device comprises a locking arrangement comprising at least three connecting members forming
a three-point connection. In the following description the connecting device and the relationships and functions of the
at least three connecting members are described in a coordinate system comprising an x-, y- and z-axis which define
a space. The x-y-axes define the horizontal plane.
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[0015] The y-axis runs parallel to the first movement axis of the ladle transport unit, the x-axis is a horizontal axis
perpendicular to the y-axis, and the z-axis is a vertical axis perpendicular to the x-axis and the y-axis and runs parallel
to the rotatable second axis A2 of the ladle transport unit.

[0016] Starting from a common point of intersection the x-, y-, and z-axes extend in a positive axis-direction x(+), y(+),
and z(+), and a negative axis-direction x(-), y(-), and z(-). The respective coordinate system is illustrated in Figures 2a
and 2b, wherein the represented coordinate system is the same, once viewed onto the ladle and once viewed onto the
connecting device for connecting the ladle.

[0017] A first connecting member may be formed to adjust a position of the ladle along a vertical axis in z(-) direction
on the ladle transport unit and preferably also in a horizontal distance between the ladle and a surface of the ladle tilting
device facing the ladle.

[0018] A second connecting member may be formed to adjust a position of the ladle along a vertical direction in z(-)
direction, along a first horizontal direction (both y-directions y(+) and y(-)), running perpendicular to the third axis A3 of
the ladle transport unit, and along a second horizontal direction (both x-directions x(+) and x(-)), running perpendicular
to the third axis A3 of the ladle transport unit, and preferably also in a horizontal distance (in y(+) direction) between the
ladle and the surface of the ladle tilting device facing the ladle.

[0019] A third connecting member may be present and adds a locking function for the ladle. Thus two connecting
members have holding functions and one has a locking function.

[0020] The first connecting member and the second connecting member can be connected to the ladle tilting device
in its non-tilted position near an upper end of the surface facing the ladle, while the third connecting member can be
connected to the ladle tilting device near a lower end of its surface, preferably in a horizontal middle-position.

[0021] The first connecting member can be a metal block connected to the ladle tilting device with a funnel-shaped
slot extending downwards from an upper side of the metal block. The ladle can comprise a plate-like engagement part
which engages the funnel-shaped slot.

[0022] The second connecting member can be a knob-shaped seat extending from the surface of the ladle lifting
device facing the ladle in horizontal direction, generally parallel to the fourth axis. The seat can have cross-sections of
different diameters perpendicular to the horizontal direction. While the free end of the seat and the end of the seat
connected to the ladle tilting device can comprise equal or different diameters, a section between the two ends can have
a diameter which is smaller than any diameter of the two ends, forming a slot, preferably a circumferential slot. At least
one sidewall of the slot can be bevelled to form a guide in y-direction for a fork-like engagement part comprised by the ladle.
[0023] The third connecting member can be or can comprise a frame-shaped locking element. The third connecting
member connects to the surface of the ladle tilting device facing the ladle in a pivot point. A pivot axis of the pivot point
can be horizontal parallel to the first axis A1 and perpendicular to the second axis A2.

[0024] Thelocking element prevents the ladle to move relative to the ladle tilting device in z(+) direction during rotational
movement around the fourth axis A4 and thus connects the ladle to the ladle transport unit safely in all angular positions.
The third connecting member has a locking element that is moveable from a first position (unlocked position) into a
second position (locked position), and vice versa.

[0025] The movement within the third connecting member is executed by e.g. an electric cylinder which tilts the locking
elementtowards the ladle to establish the lock and in the opposite direction to release the lock. The locked third connecting
member locks the ladle against movement in z(+) direction. This may also called a "blocking" in z(+) direction. The shape
of the locking element may have several forms, corresponding to the complement of the counter-blocking element at
the ladle.

[0026] Preferably the ladle transport unit is operated completely electrically and comprises at least an electric motor,
preferably one electrical motor for each of the first to the fourth axis. The ladle transport unit may comprise at least one
electric motor for driving the wheels, each wheel, or each drive shaft of the ladle transport unit. The absence of any
hydraulic component in the ladle transport unit helps to achieve the aim of efficient and clean production, susceptibility
of the unit and reduces maintenance efforts.

[0027] In a preferred embodiment the ladle lifting device can rotate about the second axis from a start position to a
first end position and to a second end position. In the start position a horizontal longitudinal axis of the ladle lifting device
runs parallel to the first axis. In the first and in the second end position the horizontal longitudinal axis of the ladle lifting
device runs perpendicular to the first axis. That means, the ladle lifting device can generally rotate about =90° from the
angular start position to the first or second angular end position. The total angular moving range of the ladle lifting device
is generally 180°.

[0028] In an alternate design, the total angular moving range of the ladle lifting device between the start position and
the first and second end position is generally 90°, or 60° or less.

[0029] The connecting device comprises at least one holding member, for example a hook-like holding member to
grip the ladle and/or at least one alignment member to correct a misalignment of the ladle relative to the ladle transport
unit, and/or at least one locking member to safely lock the ladle to the ladle transport unit.

[0030] The ladle transport unit may further comprise a fifth axis which runs parallel to the rotational fourth axis. The
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ladle lifting device and/or the tilting device or ladle tilting device can be moved linearly along the fifth axis. The ladle
lifting device and the ladle tilting device can be moved along the fifth axis together as one single part. Alternatively, the
ladle lifting device and the ladle tilting device can be moved relative to each other along the fifth axis. In yet another
embodiment the ladle lifting device and the ladle tilting device move a first distance together, then the ladle lifting device
stops and the ladle tilting device can move further along the fifth axis relative to the ladle lifting device.

[0031] The fifth axis can be driven by an additional electric motor or by the motor of the fourth axis via a respective
coupling.

[0032] The locking member described above is preferably a safe ladle lock-in mechanism which cooperates with a
respective lock of the ladle when the ladle is connected to the ladle transport unit. The locking member is preferably
designed in such a way that it can hold the ladle during a rotation around the fourth axis. The locking member can be
connected to the ladle tilting device in a swivel fitting with a horizontal swivel axis orientated perpendicular to the fourth
axis. The locking movement of the third locking member can be executed when the ladle is connected to the ladle
transport unit in the ladle change unit in a transport position. Alternatively, the locking movement can be executed
whenever the ladle tilting device receives a signal from the controller to start a tilting movement, and locking may
disengage as soon as the ladle is back in its transport position.

[0033] Thus, the ladle transport unit can comprise 4 + 1 axes, wherein all axes are controlled by a controller of the
control system. The controller can be integrated in the ladle transport unit, comprising a receiver unit to receive signals
from remote device. The signals can initiate a program to start the ladle transport unit and control all movements of the
ladle transport unit through a liquid metal shop. This is also called "the process".

[0034] The controller may be customised to exchange data with at least selected process-stations in the melting shop,
such as one or more supply furnaces (that supply molten metal), a liquid metal treatment station, and a ladle change
unit. The controller may comprise devices to store data, devices to process data, at least one interface to receive data
from a remote device, and at least one interface to send data to a remote device, such as a mobile phone or any other
display.

[0035] Inone embodiment the ladle transport unit comprises a weight measuring device to sense a weight or a change
of weight of a connected ladle. The measuring device can be connected to the base and/or to the ladle tilting portion or
ladle tilting device.

[0036] The weight measuring device comprises at least three measuring sensors. The weight measuring sensors can
be internal with the ladle tilting device and/or in contact with the axle of the rotational fourth axis. Preferably the weight
measuring sensors are positioned on the connecting parts which connect the ladle tilting portion to the ladle lifting portion
of the ladle lifting device in a moveable manner, such as a slide for example. If the ladle tilting portion moves vertically
along the third axis relative to the ladle lifting portion the weight measuring sensors move together with the ladle tilting
portion. Thus, the weight of the ladle with or without the liquid metal can be measured fail-safe independent of the angular
position of the ladle tilting device with the ladle being connected to the ladle tilting portion.

[0037] Preferably the ladle transport unit comprises four, six, eight or more connecting parts connecting the ladle tilting
portion moveably to the ladle lifting portion. The number of the weight measuring sensors can correspond to the number
of the connecting parts.

[0038] In one version the ladle lifting device can be prepared to hold a counterweight to compensate a weight of a
ladle, especially a ladle which has been filled with the liquid or molten metal. The counterweight may be releasably
connected to the ladle lifting device such that the weight of the counterweight can be customised to the total weight of
the filled ladle to be transported. The full counterweight may be split into several portions that may be stacked.

[0039] The counterweight can prevent tipping over of the ladle transport unit in the first and second end position,
especially with the ladle in a raised position, due to the weight of the ladle filled with liquid or molten metal. At the same
time the counterweight reduces or eliminates the effect of the weight of the filled ladle on the second axis, which could
result in jamming of the ladle lifting device, a higher power consumption, or even a defect of the ladle transport unit.
[0040] The melting shop can comprise a weight changing station. The ladle transport unit can be moved to the weight
changing unit in the melting shop to adjust the weight to the weight of liquid metal to be filled in the ladle at the furnace
for a production. The weight changing station can comprise a storage for weight(s). Taking off weights as well as adding
weights to the ladle transport unit can be done automatically or half-automatically, controlled by staff.

[0041] Adopting the weight carried by the ladle transport unit to the weight of the liquid metal transported from the
furnace to the ladle change unit saves energy and reduces cost of the process.

[0042] In a preferred embodiment the ladle transport unit comprises at least one sensor to detect obstacles in the way
of movement. The sensor can especially detect obstacles lying on the floor or persons or objects crossing the way of
the moving ladle within a given safety zone. Preferably the ladle transport unit comprises at least two sensors, one
sensor for each moving direction along the first axis. More sensors can be used to detect obstacles extending in the
way of transport from the side or from above. Generally, the number of sensors is not limited. The sensors when activated
provide a permanent interference check to avoid collision with any obstacle on the ground or extending from the side
or from above into the space covered by the ladle transport unit with the ladle.
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[0043] Preferably the sensors create a two-dimensional safety zone in the direction of movement of the ladle transport
unit. However, if several sensors are employed, the sensors can alternatively create a three-dimensional safety zone
around the ladle transport unit.

[0044] If an obstacle is detected, the sensor(s) send a respective signal or respective signals to the controller or the
control system. A calculator of the control system can evaluate the likeliness of a collision of the ladle transport unit with
the detected obstacle. If a collision is possible the control system initiates a slow-down or stop of the ladle transport unit
and generates an alarm to inform the staff about the problem.

[0045] The sensor can especially be a laser scanner or an imaging method, such as a camera. The sensor or the
sensors or the control system may create a first security zone for the ladle transport unit with the empty or poured ladle,
and a different, second security zone for the ladle transport unit with the ladle filled with liquid metal. The second security
zone may have a greater dimension than the first security zone. Thus, a breaking distance in the second security zone
may be longer, which allows breaking the heavier ladle transport unit to a standstill with a smaller negative acceleration.
[0046] Preferably the dimension of the second security zone and the maximum negative acceleration of the ladle
transport unit in the second security zone should be such that a molten or liquid metal inside a ladle connected to the
ladle transport unit does not spill over during braking of the ladle transport unit as a reaction of the detection of an
obstacle. Spilling over should be avoided in any situation, including an emergency stop.

[0047] In one embodiment of the ladle transport unit the connecting device, especially a front surface of the connecting
device comprises a key element to match with a counter-key element of a respective ladle. The connecting device may
comprise only one, or two, three or more keys (and the same number or less counter-key elements provided on the
ladle). The keys or key elements may be sensors, such as touch switches, press keys or orifices of identical or different
shape. If more than one key element is provided, each of the key elements can be activated independent from any of
the other key elements. The key elements identify, especially bi-unique identify the ladle connected to the ladle transport
unit by means of individual counter-key elements on the ladle. If the ladle cannot be identified as the ladle expected
according to the production plan, the controller will not start a new cycle but inform the staff that an unknown ladle has
been delivered to the ladle change unit.

[0048] Additionally, the ladle transport unit may comprise an identification system, such as a barcode, to identify a
ladle by an identification label connected to an outer surface of the ladle facing the identification system if the ladle
transport unit is in position to be connect to the ladle. This allows detection of a ladle prior being connected to the ladle
transport unit and thus allows for an early correction.

[0049] In one embodiment the ladle lifting device when being rotated about the second axis can be fixed in several
rotational positions. Fixation may be provided in different angles of rotation, for example in the 0° position for linear
movement of the ladle transport unit along the first axis or in the £90° positions for filling the ladle with liquid metal at
the furnace, treating of the molten metal in a metal treatment station, and ladle change in the ladle change unit, for
example. The ladle lifting device can generally be fixed in any rotational position. Fixation of the ladle lifting device is
preferably an electrical fixation by the electrical motor. To fix the motor in a certain rotational position the power to the
motor can simply cut off to activate a motor holding break.

[0050] The rails may be of the encapsulated type. Preferably energy supply is connected under-floor to the rails. This
allows quick, unhindered access to the furnace or furnaces for the staff in the case of a process-stop due to a failure in
at least one of the furnaces. The effect can be shortened down times of the melting shop positively influencing the
production costs.

[0051] Preferably the rail runs generally parallel to the furnaces along a straight line. Opposite to the furnaces with
respect to the rail can be positioned at least one of the ladle emptying station, the ladle metal treatment station, and the
ladle change unit, for example. The result is a compact melting shop.

[0052] Another aspect of the invention refers to a method for liquid metal transport with a ladle, see claim 16.
[0053] The method comprising the steps of taking a poured or empty ladle from a ladle change unit using a ladle
transport advise; moving the ladle transport device with the poured ladle to a ladle emptying station and emptying molten
metal remained from the ladle; moving the emptied ladle to a heating station to heat the empty ladle; filling the emptied
ladle at the furnace with the molten or liquid metal; driving the ladle transport device with the filled ladle to a liquid metal
treatment station and starting treatment; optionally measuring the temperature of the liquid metal at the furnace and/or
prior starting or during the treatment process; stopping treatment and deslagging the treated liquid metal; taking a sample
and measuring the temperature of the treated liquid metal; and driving the ladle transport device with the ladle back to
the ladle change unit.

[0054] To empty the poured ladle at the ladle emptying station the ladle can be turned over by more than 180° by the
ladle tilting device.

[0055] Preferably the step of deslagging is performed in or near the metal treatment station. Preferably deslagging is
performed by hand. At the metal treatment station, the temperature of the liquid metal can be measured, a sample of
the liquid metal can be taken to control the quality of the untreated and/or treated liquid metal. Treatment can comprise
adding of at least one finishing-meatal of Mg, Si, Al, and Cu. If necessary, pigging can be executed inside the metal
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treatment station. No treatment is necessary if the process concerns grey cast iron.

[0056] While treating the metal in the treatment station the ladle may be covered by a lid, wherein the lid can be a
functional lid which performs steps of the treatment, like providing an additive or additives to the liquid metal to improve
quality, stirring the liquid metal, introducing additional temperature, etc.

[0057] Preferably the ladle can be tilted in the metal treatment station to facilitate handling during sample taking or
deslagging or inserting a temperature measuring sensor. The tilting of the ladle results in an easy handling, especially
if deslagging and/or sampling is performed manually. The tilting angle can be 60° or less, preferably at most 30°.
[0058] While filling the ladle at the furnace (with a capacity of approximately 20 tons or more) with liquid metal, the
weight of the ladle with the liquid metal flowing into it may be monitored permanently. Preferably the ladle weight is
controlled or monitored wireless. By a ladle capacity from up to 3.000 kg of molten metal the amount of molten metal
needed for the next production in a linked moulding plant can be precisely measured. Precise measuring of the weight
of the liquid metal taken from the furnace as one component of a final material helps to produce subsequent charges in
reproduceable quality for production of same parts. At the same time, the temperature of the liquid metal flowing out of
the furnace can be measured by a sensor, such as an optical sensor.

[0059] The weight measuring device of the ladle transport unit may communicate via the control unit, such as a plant
control unit with the furnace to stop the delivery of liquid metal when the requested amount of liquid metal has been
received in the ladle.

[0060] The temperature of the liquid metal inside the ladle can be controlled permanently, to control the cooling rate
of the liquid metal on its way from the furnace to the moulding plant. If the ladle comprises a lid, as it is preferred, the
lid gets separated from the poured or empty ladle at or in the ladle change unit after being connected to the ladle transport
unit and prior leaving the ladle change unit. The lid can be put on the filled ladle at or in the ladle change unit after arrival
of the filled ladle at the ladle change unit and prior to being disconnected from the ladle transport unit.

[0061] The step of separation from and re-connection of the lid to the ladle can involve lifting/lowering and/or laterally
displacing of the ladle relative to a hook shaped grip that engages bars at the lid. The respective movements of the ladle
are executed by the ladle transport unit.

[0062] If the ladle comprises a lid and the ladle is covered by a lid in the treatment station, the ladle with the liquid
metal is only open to the environment on the way from the furnace to the treatment station and on the way from the
treatment station to the ladle change unit. Supported by the geometric form of the filling space for liquid metal in the
ladle, for example a cylindric form, covering the ladle as described results in a minimum temperature loss of the liquid
metal on its way through the plant.

[0063] The sequence of the steps of the process is initiated by a process control unit. The process control unit can be
activated for the first step or for the first and any subsequent step by hand and/or by another device, such as the furnace,
the metal treatment station, or the ladle change unit.

[0064] It may mean that the furnace initiates liquid metal supply to the next ladle or starts the next cycle if the metal
inside the furnace has reached a predetermined temperature level but will not deliver liquid metal at a different or lower
temperature. It may as well mean that a cycle gets initiated from the metal treatment station if conditions in the metal
treatment station allow proceeding. The ladle change unit can initiate a cycle as soon as an empty or poured ladle has
been provided and/or the ladle is connected to the ladle transport unit, after a positive identification. The decision which
device initiates the next cycle may be decided automatically by a central controller, or manually, for example via an input
device showing the condition of all devices crucial for the production. In one embodiment the moulding plant may stop
the process in the melting plant if defect moulds or other defaults in the moulding plant are detected.

[0065] Theresultis ajustintime production, wherein the treated liquid metal is only supplied if all devices are working,
and the liquid metal provided can be processed in time.

[0066] The ladle transport device used in the process may be the ladle transport unit according to the first aspect of
the invention.

[0067] The described method allows monitoring of real time data by a liquid management system and a calculated
and controlled treatment ensuring an optimum iron quality.

[0068] The terms "liquid metal" and "molten metal" used throughout the description refer to the same product, viz. the
metal taken from the furnace for further processing.

[0069] Advantages achieved are:

- maximum operation safety and elimination of hazards when molten metal is transferred from the melting shop to
the moulding plant;

- smartladle transport stopping at predefined stations in the melting shop in accordance with a programmable schedule
harmonized with the moulding plant;

- controlling every single step via interfaces with monitoring, quality control and production planning systems.
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[0070] All features described with respect to the ladle transport unit of the first aspect may be used in the method of
the second aspect where applicable, and vice versa.
[0071] Embodiments of the invention are illustrated in the following figures. The figures show ...

Figure 1 a ladle transport unit

Figures 2 (FIG. 2a and FIG. 2b)  a ladle in FIG. 2b, suitable for use with the ladle transport unit and a detailed view
of the connecting device in FIG. 2a at the free end of the ladle tilting device and its
connecting members;

Figure 3 design of a melting shop, seen from above;
Figure 4 flow diagram of a method for liquid metal transport.

[0072] Figure 1 refers to an embodiment of a ladle transport unit 100. The ladle transport unit 100 has a compact
construction. The ladle transport unit 100 is part of a melting shop of a foundry plant. The melting shop would not comprise
in this disclosure a PP (pouring process) as shown in Figure 3 at the bottom. The disclosure here handles transport
and the provision of molten metal in a ladle to deliver it to such a process PP or receive it back from such PP process.
[0073] The ladle transport unit 100 comprises a base 10. The base 10 comprises a power unit or power supply unit
15 to control the movements of the ladle transport unit 100. The power supply unit 15 controls at least a first electrical
motor. The ladle transport unit 100 moves on a plane ground or, as it is preferred, on rails 60. The advantage of moving
the ladle transport unit 100 on plane ground is that the directions of movement are only restricted by the plane area.
The advantages of moving the ladle transport unit 100 along rails 60 is easy control of the track and improved safety.
Preferably the rails 60 are of the encapsulated type, positioned underneath the plant-floor.

[0074] The ladle transport unit 100 comprises a controller or a control system which controls all movements of the
ladle transport unit 100 and the parts connected to it, as will be described later. The controller or the control system can
be linked to a shop or plant central control system and be able to receive signals from this central control system or to
send signals to the central control system.

[0075] The control system and the central control system will not be described in detail, as those systems are known
to the skilled person.

[0076] The base 10 further comprises at least one sensor 70 or several sensors 70, for example at least one sensor
70 foramovementin afirstdirection and one sensor 70 fora movementin a second direction. The sensors 70 permanently
monitor the environment of the moving ladle transport unit 100 to detect obstacles the ladle transport 100 unit could
collide with while moving.

[0077] Ifanobstacleis detected the sensor(s) 70 generate(s) a warning signal and or send respective digital information
to the control system or central control system. The control system or central control system identifies the position of
the obstacle, informs the staff, and decides whether to slow down or stop the ladle transport unit 100 automatically. The
staff eliminates the obstacle and restarts normal operational mode of the running process, if necessary.

[0078] Dependenton the time of the process-stop the controller can decide whether the liquid metal in the ladle requires
special treatment in the liquid metal treatment station, such as introducing additional heat, or if the liquid metal inside
the ladle must be disposed, for example emptied in a ladle emptying station. If the cooled liquid metal cannot be further
processed, the melting shop starts a new cycle, preferably beginning at the furnace.

[0079] The base 10 can further comprises a flashlight indicating that the ladle transport unit 100 is moving, for example
(not shown).

[0080] Attached to an upper surface of the base 10 is a ladle lifting device 20, comprising a ladle lifting portion 21 and
a ladle tilting portion 22. The ladle lifting device 20 is rotatably mounted to the base 10 and rotates relative to the base
10 around an axis A2 directed perpendicular to the upper surface of the base 10. The ladle lifting device 20 may rotate
clockwise and anticlockwise about an angle of generally= 90°, from the position indicated in Figure 1.

[0081] Preferably the ladle lifting device 20 comprises a second motor for the rotational movement. The second motor
is an electrical motor.

[0082] The ladle lifting device 20 can be fixed in at least one position, preferably in several angular positions. In the
fixed mode the ladle lifting device 20 cannot rotate about the rotational axis A2. Preferably the fixation of the ladle lifting
device 20 is electric.

[0083] The ladle tilting portion 22 forms a carriage guide with the ladle lifting portion 21 for a movement along a third
axis A3 perpendicular to the first axis A1 and parallel to the second axis A2. A third motor operates the ladle tilting portion
22 along the third axis A3. The third motor is an electrical motor.

[0084] Connected tothe ladle tilting portion 22 is a ladle tilting device 30. The ladle tilting device 30 is rotatably attached
to the ladle tilting portion 22 of the ladle lifting device 20 and swivels around a fourth axis A4. The fourth axis A4 extends



10

15

20

25

30

35

40

45

50

55

EP 4 122 623 A1

perpendicular to the third axis A3 and parallel to the first axis A1, when the ladle lifting device 20 is in the shown start
position. A fourth motor rotates the ladle tilting device 30 around the fourth axis A4. The fourth motor is an electrical motor.
[0085] In one embodiment the ladle lifting device 20 and the ladle tilting device 30 can be linearly moved relative to
the base 10 along a fifth axis A5 parallel to the fourth axis A4. Thus, the ladle lifting device 20 and the ladle tilting device
30 can move as a single body along the fifth axis A5. In another embodiments the ladle tilting device 30 can move along
the fifth axis A5 relative to the ladle lifting device 20. In another embodiments the ladle lifting device 20 and the ladle
tilting device 30 can move in a first movement along the fifth axis A5 as one body and the ladle tilting device 30 can
move in a second movement along the fifth axis A5 relative to the ladle lifting device 20.

[0086] The free end of the ladle tilting device 30 is closed by a cap 45 or inspection plate which shields the inside of
the ladle tilting device 30 from lost heat of the ladle and fouling.

[0087] Connected to the ladle tilting device 30 is a connecting device 40, 41, 43. The connecting device safely connects
aladle L (shown in Figure 2b) to the ladle transport unit 10 respectively the ladle tilting device 30. The connecting device
has three members 40, 41, 43. In this example it comprises a compensating or centring member 41 which corrects a
misalignment between the ladle and the ladle transport unit 100 while connecting the ladle to the ladle transport unit
100, a supporting member 40, to grip the ladle, and a locking member 43 to safely "clinch" the ladle L - not shown in
Figure 1 - during its rotation about the fourth axis A4.

[0088] The ladle tilting device 30 further comprises an identification device 42 to identify each ladle connected to it.
The identification device 42 of the embodiment shown comprises several keys which cooperate with at least one counter-
key provided on the ladle. A certain combination of keys and counter-key represent a specific ladle. Thus, each ladle
can be identified individually.

[0089] The information concerning any actual combination of keys and counter-keys can be sent to the control system
or the central controller system to control if the ladle connected to the ladle transport unit 100 is the ladle which must
be connected according to the production plan.

[0090] The keys of the identification device 42 can be press keys which can be pressed individually by respective
areas of the ladle and/or orifices to receive the counter-keys connected to the ladle. The keys 42 and counter-keys are
not restricted to the described embodiments. Additionally, the ladle transport unit 100 can comprise a second identification
system (not shown), such as a wand reader, to read a code of a label connected to the surface facing the ladle transport
unit 100.

[0091] Identifying the ladle by the label can alternatively be performed in a ladle change unit prior connecting the ladle
to the ladle transport unit 100. The ladle will not be connected to the ladle transport unit 100 if it is detected that the
identification of the provided ladle is not identical with the identification stored in the control system or the central control
system.

[0092] The above-mentioned locking member 43 in the embodiment illustrated in Figure 1 can have a element that
tilts around a tilting axis A6 perpendicular to the rotational axis A4 of the ladle tilting device 30 and perpendicular to the
linear axis A2 of the ladle lifting device 20.

[0093] The ladle can be filled with liquid metal having a weight of approximately three tons (3.000kg). To compensate
for this weight the ladle transport unit 100 comprises a counterweight 50 which is arranged adjacent to the ladle lifting
portion 21 opposite to the ladle tilting portion 22. The counterweight 50 has segments, shown are four stacked counter-
weight portions, releasably connected to the ladle lifting unit 20, i.e., the ladle lifting portion 21.

[0094] The weight of the counterweight 50 can be adjusted to the planned weight of the ladle filled with liquid metal
for a process to save energy if the weight of the filled ladle allows for a lighter counterweight 50. When attached to the
ladle lifting portion 21, its rotation around the second axis A2 will also rotate the counterweight 50.

[0095] The ladle transport unit 100 can comprise a weight measuring device 44 to sense a weight of the ladle or to
sense a weight change of the ladle while liquid metal is filled into the ladle. The weight measuring device 44 preferably
measures continuously the weight if the pouring in liquid metal and can send the measured weight in real-time to the
controller. The controller, e.g., the PCU of Figure 2 stops feeding of liquid metal from the furnace if the weight of the
ladle corresponds to a value stored in the controller for the present production task.

[0096] Figure 2 shows in Figure 2a the detail of one embodiment of the locking arrangement, which is comprised by
the ladle tilting device 30 of the ladle transport unit 100. The tilting device 30 is in a position in which it can be connected
to a ladle in the ladle change unit.

[0097] Figure 2b shows an example of a ladle which can be connected to the ladle transport unit 100 via the locking
arrangement. The ladle illustrated in Figure 2b is not part of the invention and is only presented to point out the functionality
of the connecting device. A coordinate system is added wherein the coordinate systems helps to understand the func-
tioning of the connecting device.

[0098] The coordinate system comprises the axes X, y, and z. Each axis extends from a common intersection point
in a plus-direction (+) and a minus-direction (-).

[0099] The connecting device of Figure 2a comprises three connection members 40, 41, and 43 which form a three-
point connection, wherein two of the connection members 40, 41 mainly carry the load of a connected ladle.
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[0100] First connection member 40 fixes the connected ladle in negative z-direction z(-) and in both y-directions y(+)
and y(-). Second connecting member 41 fixes the connected ladle additionally in both x-directions x(+) and x(-), in the
negative z-direction z(-), and in both y-directions y(+) and y(-).

[0101] Inotherterms, the first connection member still allows movement in both x-directions and the positive z-direction.
The second connecting member allows movement in the positive z-direction only.

[0102] The first connection member 40 and the second connection member 41 are firmly fixed to the ladle tilting device
30, so that they cannot be moved relative to the ladle tilting device 30 while the ladle transport unit 100 is used in the
melting shop.

[0103] The third connecting member 43 has a locking element 43a which blocks the connected ladle in z(+) direction
and thus allows safe tilting of the ladle connected to the ladle tilting device.

[0104] The third connecting member 43 comprises a base 43c which is fixed to the ladle tilting device 30. The base
43c has a slit 43b which runs generally parallel to the surface of the cap 45, or to the slit of the first connecting member
40, and a through hole in the base 43c underneath the slit 43b. The locking element 43a is connected to the base 43¢
through a swivel axis A6 accommodated in the through hole.

[0105] The locking element 43a can be moved towards the ladle tilting device 30 and away from it, wherein the third
connecting member 43 locks the ladle to the ladle transport unit LTU 100 with the locking element 43a in a first position
and releases the ladle in a second position.

[0106] Angular movement of the locking element 43a from the first position to the second position is caused by an
electric cylinder (not shown). In the illustrated embodiment the third locking element 43a has a frame-like shape. This
frame-like shape encompasses at least partially the plate 43p fixed at the ladle L as seen in Figure 2b as the counter
blocking element.

[0107] Also shown in Figure 2a is an identification device 42, comprising several sensors, such as touch switches or
press keys, to identify a ladle getting connected to the ladle transport unit 100.

[0108] Figure 2b shows one example of a ladle which could be connected to the ladle transport unit illustrated in Figure
1 via the locking arrangement. The ladle comprises the counter-elements 40p, 41p and 43p which cooperate with the
connecting members 40, 41, 43 to safely connect the ladle to the ladle transport unit 100.

[0109] With the ladle connected to the ladle transport unit the counter-element 40p rest in the slit of the first connecting
member 40, the counter-element 41p partially encompasses the second connecting member 41, and the counter-element
43p reaches into the slit 43b of the base 43c of the third connecting member 43 and is at least partially encompassed
by the locking element 43a in the locked condition or position, preferably by the horizontal portion of the frame-like
locking element 43a.

[0110] Figure 2b also shows the counter-element 42p to the identification device 42 comprising a nose directed
downwards which can activate one or more of the several sensors of the identification device 42. The position and the
vertical extension of the downwardly directed nose on the counter-element 42p can be varied to positively identify each
ladle of several ladles.

[0111] Figure 3 shows an example of a design of a melting shop. The melting shop MS comprises a couple of furnaces
F1, F2, F3, F4, which liquidise or melt metal and keep it in the liquid or molten condition. Each furnace F1, F2, F3, F4
comprises at least one discharge point DP where the liquid metal is transferred (in fact poured) into a ladle L provided
there by the ladle transport device LTD, e.g., as explained as unit 100 above. Preferably the furnace F comprises several
discharge points, and one is used for supply to a ladle L.

[0112] The melting shop further comprises a liquid metal treatment station MTS. The liquid metal inside the ladle L
can be treated in the liquid metal treatment station MTS to improve the quality of the resulting metal or to give the resulting
metal specific physical or physiochemical properties. The treatment can comprise introducing additives into the liquid
metal, such as Mg, Si, AL, and CU, or pig iron, etc. to affect material properties.

[0113] In the liquid metal treatment station MTS, the treated metal can be deslagged, temperature of the liquid metal
can be measured, and a sample can be taken for quality control. Deslagging and sample taking is preferably performed
manually by a staff member. It could be done automatically by a robot or any other actor. To ease sampling, the ladle
L may be tilted by a few degrees towards the person or device taking the sample. The tilting angle of the ladle L can be
approximately 30°, or 45°, at most 60°, to ease inserting an elongated sampling spoon or similar device into the molten
metal, or to insert an elongated temperature sensor for taking the temperature of the molten metal in the ladle L, for
example.

[0114] The melting shop further can comprise a ladle change unit LCU. Preferably the ladle change unit LCU is not
part of the melting shop MS but is assigned to the moulding plant, wherein the moulding plant itself is not part of the
invention.

[0115] The ladle change unit LCU of the embodiment shown comprises a turntable providing holding fixtures for at
least two ladles L (one ladle filled with liquid metal to be transported to the moulding plant and one poured ladle returning
from the moulding plant to be used in the melting shop) and rigs (not shown) to assist taking off, holding, and fitting the
lid of each ladle L connected to the turntable.
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[0116] In the ladle change unit LCU an empty or poured ladle L can be introduced in the liquid metal transport process
performed in the melting shop. A ladle L filled with liquid metal which optionally has been treated in the liquid metal
treatment station MTS can leave the melting shop at the ladle change unit LCU and can be transferred to a moulding
plant where the liquid metal is processed. This is shown as PP, where a ladle is transferred to the pouring plant or
returned from there. Preferably a casting machine of the moulding plant picks up the ladle L filled with liquid metal at
the ladle change unit LCU.

[0117] To transport the ladle L through the melting shop a ladle transport device LTD is provided. The ladle transport
device LTD can be a travelling crane or any transport device suitable to move the ladle L and known in the foundry
industry. The ladle transport device LTD can be the electrically driven ladle transport unit 100 of Figure 1, which is
preferably rail-bound. The rails R or 60 (in Figure 1) guide the ladle transport unit 100 safely through the melting shop.
[0118] The melting shop can further comprise a heating station HS and/or a ladle emptying station LES comprising a
rest liquid metal container. Should in the ladle L provided still contain a residue of liquid or molten metal the ladle L, the
metal can be emptied in the rest liquid metal container. The metal collected in the ladle emptying station can be recycled
in a furnace F later.

[0119] Before being presented to the furnace and being filled at the furnace F with liquid metal, the empty ladle can
be heated in a heating station. Heating of the ladle prior filling it with molten metal at the furnace F prevents a thermal
shock of the inflowing molten metal and slows down the cooling of the ladle and its content.

[0120] To pour the residues from the ladle, the ladle tilting device 30 can turn the ladle by an angle of more than 180°,
preferably less than 200°.

[0121] The temperature of the liquid metal inside the ladle L can be measured twice or more times during the process
in the melting shop. A first measurement can be performed after the ladle L has been filled with liquid metal at the furnace
and/or prior starting the treatment of the liquid metal in the liquid metal treatment station MTS. A second measurement
of the temperature can be taken once the treatment has been finished, for example when the treated metal is deslagged
and a sample is taken from the treated liquid metal for quality control.

[0122] At least at the beginning of a production a sample of the molten metal can be taken at the furnace F to control
the quality of the composition of the molten metal, for example. The same can apply every time a new furnace F is opened.
[0123] Theliquid metal shop LMS comprises a control system PCU which controls amongst others the moving direction
and speed of the ladle transport device, a temperature of the liquid metal in the furnace, the liquid metal treatment in
the liquid metal treatment station MTS, and the cycle of delivering an empty or poured ladle L to and collecting a ladle
L filled with liquid metal from the ladle chance unit LCU.

[0124] Figure 4 shows the flow diagram of a method for liquid metal transport trough a melting shop.

[0125] One cycle in the melting shop comprises the steps of moving an "empty" ladle L from the ladle change unit
LCU to the furnace F below a discharge point DP for liquid metal of the furnace F. The ladle L is moved within the melting
shop by a ladle transport device LTD, for example the ladle transport unit 100. An "empty" ladle is a well a poured ladle,
emptied down to a residue in the pouring process PP of Figure 3, bottom.

[0126] If there was still a residue of liquid metal in the ladle L, the ladle L is stopped at a ladle emptying station LES,
and the molten metal still contained in the ladle L is emptied into a rest liquid metal container. To empty the ladle L
completely the ladle transport device LTD tilts the ladle L by more than 180°. This is done by the tilting device 30, and
the ladle tilting portion 22 comprising this tilting device 30, as explained above, wherein the tilting device is rotatable
about the fourth axis A4 perpendicular to the third axis A3 and relative to the ladle lifting portion 21.

[0127] The emptyladleL is moved to the furnace F and filled with a predetermined amount of liquid metal at a respective
discharge point DP of one of the furnaces F. The temperature of the molten metal inside the ladle L may be controlled
for a first time.

[0128] Prior moving the empty ladle L to the furnace F, the empty ladle L may be heated in a heating station HS.
Heating the ladle L prior filling it with molten metal has the advantage that cooling of the molten metal inside the ladle
is delayed.

[0129] From the furnace F the ladle transport device LTD moves the ladle L with the liquid metal to a liquid metal
treatment station MTS for metal treatment, such as adding alloys to the liquid metal. Optionally the temperature of the
liquid metal streaming out of the furnace or the temperature of the liquid metal inside the ladle L can be measured and
reported to a controller.

[0130] When the metal treatment is finished, the liquid metal is deslagged, wherein deslagging is preferably manually
performed in or at the metal treatment station MTS by a staff member. To facilitate deslagging the ladle L is tilted by
less than 45°, preferably less than 30°. Preferably the position of the ladle L in the metal treatment station MTS is the
same for metal treatment and deslagging. Preferably after the deslagging process the temperature of the treated liquid
metal can be controlled and a sample of the treated metal can be taken.

[0131] From the metal treatment station MTS, the ladle L is guided to the ladle change unit LCU. In the ladle change
unit LCU the ladle L is separated from the ladle transport device LTD. From the ladle change unit LCU the ladle L filled
with treated liquid metal can be transported to a moulding plant (see downward arrow PP in Figure 3) by a moulting
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machine.

[0132] The ladle transport device LTD grasps an empty or poured ladle L provided in the ladle change unit LCU and
the next cycle starts.

[0133] Preferably the process is controlled by a process control unit PCU, such as a controller or a control system or
a central control system. The process is a fully automated process with high safety standards and reproducible results.
[0134] The process control unit PCU can be activated manually to run the first and/or all next cycles of a production.
During production, another device of the melting shop, such as the furnace F, the metal treatment station MTS, or the
ladle change unit LCU can stop and restart the cycle, for example when the temperature of the liquid metal inside the
furnace F is too low, liquid metal treatment must be re-adjusted, or there is no empty or poured ladle L waiting in the
ladle change unit LCU.

[0135] The ladle L may comprise a lid to minimise temperature loss especially on its way from the melting shop to the
moulding plant, where noticeable dead time might occur. Preferably the lid is taken off the ladle L in the ladle change
unit LCU before the ladle L is moved to the furnace F. The lid is put back on the ladle L after arrival of the filled ladle L
at the ladle change unit LCU from the liquid metal treatment station LTS and prior being moved to the moulding plant
along downward arrow PP (Figure 3). The upward arrow (Figure 3) represents the ladle L returning from the moulding
plant (after completion of the pouring process).

Claims
1. Compact ladle transport unit (100) comprising

(a) a base (10) comprising a power supply unit (15) to move the ladle transport unit (100) on a flat surface or
on rails (60) along a first axis (A1) in a first direction and a second direction,

(b) a control system,

(c) a ladle lifting device (20; 21,22) supported by the base (10), being rotatable about a second axis (A2)
perpendicular to the first axis (A1) in vertical direction, the ladle lifting device having a ladle lifting portion (21)
and a ladle tilting portion (22);

(d) the ladle tilting portion (22) connected to the ladle lifting portion (21), wherein the ladle tilting portion (22) is
moveable vertically relative to the ladle lifting portion (21) along a third axis (A3), perpendicular to the first axis
(A1) in a third direction and a fourth direction;

(e) wherein the ladle tilting portion (22) comprises a tilting device (30) that is rotatable about a fourth axis (A4)
perpendicular to the third axis (A3) and relative to the ladle tilting portion (21),

and

(f) a connecting device (40, 41, 43) to safely connect a ladle to the ladle transport unit (100), and the connection
device (40, 41, 43) forms a free end of the ladle tilting device (30).

2. Ladle transport unit according to claim 1, wherein the ladle lifting device (20) can rotate about the second axis (A2)
from a start position to a first end position and to a second end position, wherein the fourth axis (A4) runs parallel
to the first axis (A1) when the ladle lifting device (20) is in the start position and the fourth axis (A4) runs perpendicular
to the fist axis (A1) when the ladle lifting device (20) is in the first end position and in the second end position.

3. Ladle transport unit according to anyone of the preceding claims, wherein the connection device (40, 41, 43) es-
tablishes a three-point connection comprising two holding members (40, 41) and one locking member (43).

4. Ladle transport unit according to anyone of the preceding claims, further comprising a fifth axis (A5) parallel to the
fourth axis (A4), wherein the ladle lifting device (20) and/or the ladle tilting device (30) can be moved linearly along
the fifth axis (A5) in two directions.

5. Ladle transport unit according to anyone of the preceding claims, wherein the ladle transport unit (100) comprises
a weight measuring device (44) to sense a weight or a change of a weight of a ladle (L) connected to the ladle tilting

device (30).

6. Ladle transport unit according to claim 5, wherein the weight measuring device (44) comprises a couple of weight
measuring sensors positioned on the ladle tilting portion (22).

7. Ladle transport unit according to anyone of the preceding claims, wherein the ladle lifting device (20) is prepared
to hold a counterweight (50) to compensate a weight of a ladle (L).
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Ladle transport unit according to anyone of the preceding claims, wherein the connection device (40, 41, 43) is
designed to hold the ladle during a rotation around the fourth axis (A4), preferably from a 0° position in an angle
range of -10° to +190°.

Ladle transport unit according to anyone of the preceding claims, wherein the ladle transport unit (100) comprises
at least one sensor (70) to detect obstacles in the way of movement.

Ladle transport unit according to anyone of the preceding claims, wherein the tilting device comprises an identification
device (42) with key elements, preferably touch switches, to identify a ladle to be connected to the ladle transport unit.

Ladle transport unit according to anyone of the preceding claims, wherein the ladle lifting device (20) can be secured
against rotation in several angular positions, such as the start position, the first end position, and the second end
position.

Ladle transport unit according to anyone of the preceding claims, wherein the rails (60) are of an encapsulated type
with under-floor supply of energy to the ladle transport unit (100) to allow unhindered access to the furnaces in the
event of a failure of one of the furnaces.

Ladle transport unit according to anyone of the preceding claims 3 ff, wherein the locking member (43) comprises
alocking member base (43c) attached to the ladle tilting device (30), and a locking element (43a) which is connected
to the locking member base (43c) by a swivel axis (A6) running parallel to a surface of the ladle tilting device (30)
facing the ladle.

Ladle transport unit according to the preceding claim, wherein the locking element (43a) is tilted in and out of a
locking position by an electric driven cylinder.

Ladle transport unit according to anyone of the preceding claims, wherein any motor of the ladle transport unit (100)
is an electrical motor and positional securing of the axis (A1; A2; A3; A4; A5; A6) is determined by a respective
motor holding break.

Process for liquid metal transport with a ladle (L), the method comprising the steps of

(a) taking a poured ladle (L) from a ladle change unit (LCU) using a ladle transport device (LTD);

(b) emptying a rest of molten metal remained in the poured ladle (L) in a rest-metal container at a ladle emptying
station (LES);

c) heating the emptied ladle (L) in a heating station (HS);

d) moving the ladle transport device (LTD) with the ladle (L) to a furnace (F);

(e) filling the emptied ladle (L) at the furnace (F) with molten metal;

(f) optionally sampling and measuring the temperature of the molten metal;

(g) driving the ladle transport device (LTD) with the filled ladle (L) to a metal treatment station (MTS) and starting
treatment;

(h) stopping the treatment, deslagging the treated molten metal, controlling the temperature of the molten metal,
and sampling;

(i) returning the ladle transport device (LTD) with the ladle (L) back to the ladle change unit (LCU) and place
the ladle (L) with the treated liquid metal at the ladle change unit (LCU).

Process according to claim 16, wherein deslagging, temperature measuring and sampling in or at the metal treatment
station (MTS) is performed manually.

Process according to claim 16 or claim 17, wherein a poured ladle is held at the ladle change unit (LCU) being
closed by a lid (C), and this lid (C) is separated from the poured ladle (L)

at or in the ladle changing unit (LCU)

after the ladle (L) has been connected to the ladle transport device (LTD)

and prior to leaving the ladle change unit (LCU)

and the lid (C) is put on the filled ladle (L) after arrival at the ladle change unit (LCU) and prior to getting disconnected
from the ladle transport device (LTD).

Process according to anyone of claims 16 to 18, wherein the sequence of the steps is initiated by a process control
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unit (PCU).

20. Process according to the preceding claim 16 ff, wherein the process control unit (PCU) can be activated for the first
step or the first and any subsequent step manually and/or by another device, such as the furnace (F), the metal

EP 4 122 623 A1

treatment station (MTS) or the ladle change unit (LCU).

21. Process according to anyone of claims 16 to 20, wherein the ladle transport device (LTD) is the ladle transport unit

(100) according to one of claims 1 to 15.
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FIG. 1

14



EP 4 122 623 A1

15



EP 4 122 623 A1

FIG. 2b
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