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(54) Title : REUSABLE CASTING MEMBER
(54) Titre : ELEMENT DE COULEE REUTILISABLE

(57) Abstract : The invention relates to a
casting member (30) for a casting plant for
transferring liquid metal that includes a
plurality of casting members in successive
contact and defines a channel for metal tflow,
wherein the casting member (30) includes a
pipe, in particular a ladle pipe, having an
axis corresponding to the channel axis. The
casting member is capable of contact with an
upstream member of the plant, and includes
means (42) for controlling the angular
orientation of the pipe along the axis thereof
relative to the upstream member, said means
being capable of imparting three different
orientations to the tube.

(57) Abrégé La présente invention
concerne un élément de coulée (30) pour
une installation de coulée pour le transfert
de métal liquide comprenant une pluralité
d'éléments de coulée en contacts successifs
et formant un canal pour I'écoulement du
métal, 1'¢lément de coulée (30) comprenant
un tube, notamment un tube de poche, dont
l'axe correspond a l'axe du canal. L'élément
de coulée est apte a former contact avec un
¢lément amont de l'installation et comprend
des moyens (42) pour contrdler l'orientation

angulaire du tube selon son axe par rapport a I'é¢lément amont, ces moyens étant aptes a conférer au moins trois orientations
distinctes au tube.



WO 20107057638 A1 I 000 AT 000 0

Publiée :

— avec rapport de recherche internationale (Art. 21(3))



10

15

20

25

35

1551 (2)
Reusable casting element
[0001] The present invention relates to an installation for casting liquid metal, notably a
continuous casting installation.
[0002]) A casting installation for transferring liquid metal, notably liquid steel, is already known in
the prior art and comprises a ladle of liquid metal downstream of which there is arranged a ladle
shroud which is a cylinder of revolution. This shroud comprises an upper end in contact with a
casting element secured to the ladle and a lower end submerged in a tundish. A canal extending
essentially along an axis, placed vertically when the tube Is introduced into the installation, is
formed in the shroud.
[0003] One method of casting is performed as follows using the casting installation: the ladle is
positioned over the tundish, and the shroud is fitted to the ladle. The casting operations are then
performed then the shroud is detached from the ladle. Next, the 1adle is moved so that it leaves
free space above the tundish. Another ladle then arrives to take the place of the first one. The
ladle shroud can be reused and, to do this, it is secured to another ladle. The shroud is placed in
any arbitrary angular orientation with respect to each ladle.
[0004] In this method, despite the fact that the shroud is reused, the life of this shroud is not
very long given the extreme conditions under which it is positioned (high temperature,
substantial temperature variations, etc.). Thus, one single shroud can be used only a limited
number of times.
[0005] It is an object of the invention to provide a casting element, notably comprising a ladle
shroud that has a longer life.
[0006] To this end, the subject of the invention is a casting element for a casting installation for
transferring liquid metal comprising a plurality of casting elements in successive contact and
forming a canal, extending essentially along its axis, along which the metal can flow, the casting
element comprising a tube, notably a ladle shroud, the axis of which cofresponds to the axis of
the canal, the element being able to make contact with an upstream element of the installation
and comprising means for controlling the angular orientation of the tube about its axis with
respect to the upstream element, these means being capable of giving the tube at least three
distinct orientations.
[0007] Thus, the casting element, notably the ladle shroud, can be introduced under the ladle in
one or more predetermined orientations. As a result, each time the shroud is reused, the angular
orientation in which it Is placed relative to the upstream element of the installation can be
controlled, possibly according to angular orientations in which it has been placed in previous
uses.
[0008] This then makes it possible to obtain more even wear on the inside of the tube.
Specifically, the flow leaving a steel casting ladle is slightly oriented especially when, between
the ladle and the ladle shroud, there is a well known “slide valve® comptrising an opening that can
be partially closed off at the time of casting. When this opening is in a partially closed-off
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position, the flow of liquid metal follows a sinusoidal movement: |t is directed more particularly
towards a given portion of an internal wall of the shroud, on which it is so to speak reflected to be
directed towards an opposite portion of the wall, etc. Now, those portions of the internal wall of
the ladle shroud towards which the flow Is directed wear more rapidly than the rest of this wall,
because of the high temperature to which the liquid metal is raised. Thus, by distributing those
portions of the wall that are most likely to become worn as a function of use, the internal wear of
the wall of the tube can be made more uniform and the tube does not have to be scrapped
because just one portion of its internal wall has become very badly worn by comparison to the
rest (such a configuration being possible when the orientation of the tube is a random one). The
life of the tube Is therefore lengthened.
[0009]) Furthermore, thanks to the means of controlling the orientation, it Is easy to orient the
stream of liquid metal because the position in which the tube is to be placed in the installation is
known exactly. It therefore becomes possible for example for the tube to be fitted with openings
so that the stream flows through the tundish in one or more favoured directions. That makes it
possible to provide the casting efficiency.
[0010} The invention may also comprise one or more of the features contained in the list below:
- the control means are capable of giving the tube four distinct orientations, notably spaced 90°
apart. This embodiment is a preferred embodiment of the invention because It allows optimum
tube life. Specifically, such means allows the entire intermal wall of the tube to be used while
minimizing areas of overlap, which are portions likely to receive the stream when the casting
element is positioned in two distinct orientations. By contrast, if the orientation control means are
formed in such a way that they allow the tube to be introduced into the Installation in a number of
orientatlons greater than 4 (this embodiment also being covered by the invention), the areas of
overiap will become womn for two distinct angular orientations of the tube. These areas of overlap
will therefore reach a critical wear threshold before the rest of the intemal wall and the tube will
be scrapped even though a large proportion of the internal wall of the tube is still able to accept
the stream without any risk. The embodiment explained hereinabove therefore makes it possible
to optimize the life of the tube;
- the tube, at an end corresponding to one end of the canal, has a surface capable of making
contact with the upstream element, this surface being planar. In this case, the tube is placed
against the installation comprising the ladle, more particularly against the valve situated
downstream thereof, by sliding (rather than by a push fit). The casting element according to the
invention therefore has an additional advantage in that because the tube slides with respect to
the upstream element, the contact surface thereof generally suffers localized wear, the damaged
region corresponding to the region situated in the vicinity of the diameter of the tube which is
parallel to the dlirection of sliding of the tube relative to the upstream element. Thus, when the
orientation of the tube relative to the upstream element is changed when the tube is reused, the
wear on the surface in contact with the upstream element is also spread evenly. That prevents

the tube from cracking at this surface and also contributes towards optimizing the life thereof;
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- the casting element comprises a removable frame that can be placed around the tube. This
removable frame in same instances reinforces the tube and holds It in place in the casting
installation by collaboration between the frame and a support;
- the control means comprise at least one abutment surface formed on the tube and/or the frame
and capable of coltaborating with at least one complementary surface belonging notably to a
support capable of keeping the element in contact with the upstream element of the installation.
In particular, the abutment surface may be the surface of a housing (or notch) capable of
collaborating with a projection of the support or a surface of a projection capable of collaborating
with a housing (or notch) of the support;
- the control means comprise abutment surfaces formed, on the one hand, on the tube and, on
the other hand, on the frame, and able to collaborate. In this case, the frame comprises means
for orientating the frame in a single crientation in the support whereas the tube can be orientated
in several orientations in the frame,
- the end of the tube comprising the contact surface is configured to have at least one radial
distinctive feature, the control means being arranged on the periphery of the tube in at least one
portion of the tube that forms the distinctive feature. This configuration makes it easier for the
tube to be fitted to the support or into the frame by the operator or by a robot. Specifically, these
radial distinctive features make it easier for the abutment surface of the frame and/or that of the
support to be brought into register with that of the tube;
- in particular, the tube has at least two radial distinctive features, each distinctive feature being a
projection ending in the axial direction of the tube in a chamfered surface, at a distance from the
contact surface. The chamfered surface is notably capable of collaborating with a surface of
complementary shape belonging to the frame, against which it can rest. In this case, the angular
orlentation means are arranged so that the direction of sliding of the tube does not correspond,
in any orientation, to a direction in which the radial distinctive feature or features extends or
extend. This embodiment is advantageous because the reglons of the contact surface of the
tube which experiences the stresses are therefore regions thereof that are in compression.
Compression loading of these regions takes effect because the chamfered surfaces rest against
the complementary surfaces of the frame. This embodiment makes it possible to avold the
formation of open cracks on the contact surface and further lengthen the life of the tube.
[0011]) Another subject of the invention Is a casting installation for transferring metal comprising
a plurality of casting elements In successive contact forming a canal along which the liquid metal
can flow, the installation comprising a casting element according to the invention.
[0012] A further subject of the invention is a method for casting in a plurality of casting
installations for transferring metal, each installation comprising a plurality of casting elements in
successive contact forming a canal along which the metal can flow, the method using a casting
element according to the invention, and comprising the following steps:
- the casting element is introduced so that the tube is placed in a first orientation about its axis
with respect to an upstream element of a first installation,
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- the casting operations are performed,

- the casting element is removed from the first installation,

- the previous three steps are repeated with the casting element placed respectively in a second
and then in a third installation so that the tube is placed respectively in a second and thenin a
third orientation about its axis with respect to an upstream element of the second and the third
Installation.

[0013] The invention will be better understood from reading the description which will follow,
which is given solely by way of example and made with reference to the drawings in which:

- figure 1 is a schematic cross section through a casting installation according to one particular
embodiment of the invention,

- figure 2 is a perspective view of a pouring tube according to one particular embodiment of the
invention,

- figure 3 is a perspective view of a casting element, comprising a ladle shroud and a frame,
according to another embodiment of the invention,

- figure 4 is an exploded perspective view of a casting element according to figure 3, when the
frame and the shroud are not yet assembled.

[0014) Figure 1 depicts a casting installation 10 according to one particular embodiment of the
invention. The casting installation notably comprises a ladle 12 storing the liquid metal and a
tundish 14 giving the liquid metal access to casting moulds 16.

f0015) The ladle 12 can be moved, while the tundish 14 and the moulds 16 are fixed. Thus,
when the ladle 12 is empty, it is moved away from the tundish 14 leaving the space above the
tundish free. Another, full, 1adle is then brought into the position provided for that purpose above
the tundish 14.

[0018] To allow the liquid metal to pass between the ladle 12 and the tundish 14, the installation
10 also comprises a casting element comprising a ladle shroud 18 which has a canal along
which the metal can flow, this canal extending essentially along an axis, which when the

shroud 18 is In its position of use is vertical.

[0017] As can be seen in figure 1, the shroud 18, when in its position of use, comprises a
surface for contact with the upstream casting element, in this instance a slide valve 20 secured
to the ladle 12. Its lower end on the other hand is immersed in the tundish 14. More specifically,
at its upper end the shroud 18 comprises a surface for contact with the valve 20, this surface
being planar and allowing the shroud to be positioned in the installation 10 by sliding. For that
purpose, the shroud is supported and held during casting by an arm 22 external to the
installation.

[0018) The casting installation is not restricted to that which has been described hereinabove.
[0018] For example, it is possible to imagine there being just one casting mould 18 under the
tundish. The shroud could also be fitted into the installation as a push fit rather than by sliding.
Further, the ladle is not necessary fitted with a slide valve. It could be fitted with a valve of some
other type.
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[0020] Itis also conceivable for the device that holds the shroud in contact with the slide valve
20 to belong to the ladle and to be formed notably of an H-shaped support, hoiding the shroud
and the ladle together.
[0021] A casting element according to a first embodiment of the invention will now be
described.
[0022] Figure 2 notably deplcts a casting element that forms a ladle shroud for the casling
installation of figure 1, figure 2 more specifically showing an upper end of the shroud.
[0023] A casting element 30, in this instance a shroud, comprises a tube body 32 made of a
refractory material and in the form of a cylinder of circular cross section. The shroud, at its upper
end, comprises a head 34 of square cross section and ends in a planar contact surface 368 able
to come into contact with an upstream element of the installation, such as the slide valve 20.
Such a shroud is installed in the installation by sliding as already explained earlier. |
[0024) Further, as may be seen from figure 2, the shroud comprises a jacket 38, made as a !
single piece and formed around an end portion of the shroud, this portion notably comprising the '
head 34 and a tubular portion of the shroud. The jacket 38 is made of a metallic material, notably
of steel.
[0025] This jacket 38 comprises an annular portion 40 forming around the jacket a belt of
greater thickness than the rest of the jacket. The thickness of the belt is notably greater than 10
millimetres and preferably than 14 millimetres. Further, notches 42 are formed in the belt 40,
more particularly in the lower portion thereof.
[0026] The shroud comprises four notches 42 each situated on one side of its square head in
the middle of each side of the head. In the figures, only two notches have been depicted. The
notches are spaced 90° apart, that is to say that when the shroud is rotated through 80° about
the axis of the canal, the head of the shroud is identical to how it looked before the rotation.
[0027] The surfaces of two notches 42 situated on opposite sides of the head form abutment
surfaces intended to collaborate with complementary surfaces of two pins (not depicted) of a
support of the installation holding the head, such as the manipulator arm 22, and allow the
shroud to be held in the support.
[0028]) Further, these abutment surfaces also form means of controlling the angular orientation
of the shroud. Specifically, they allow the shroud to be positioned on the support in a determined
orientation relative to the axis of the canal of the shroud.
[0029] Further, because the head of the shroud is unchanging when subjected to a rotation
through 90°, the shroud can be positioned in four distinct orientations in the support because
one and the same pin belonging to the support can receive all four notches 42 of the shroud,
thus giving the shroud four distinct orientations relative to the upstream element, namely the
valve 20 of the installation.
[0030) This is particularly advantageous because it allows the wear of the intemal wall of the
shroud and the wear of the contact surface 36 thereof to be suitably distributed.
[0031] The metallic jacket 38 of the shroud further comprises four fins 44, in its portion that
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covers the tubular portion of the shroud. These fins are identical and extend essentially along the
axis of the canal. They are of unvarying and triangular cross section. Each fin 44 is situated
under one of the notches 42. The fins 44 are therefore spaced 90° apart.
(0032) The fins 44 allow the shroud 18 to be placed in a handling device capable of moving the
shroud to the support. The fins 44 are notably intended to collaborate with the complementary
notches of the handling device. Because the shroud comprises several fins 44 evenly when
distributed about a circumference thereof, it can be placed in the handling device in several
orientations relative to the axis of the canal, and this makes it easier for the shroud to be placed
in the desired orientation relative to the support.
[0033] A casting element according to a second embodiment of the invention will now be
described using figures 3 and 4.
[0034] The casting element 50 according to the second embodiment comprises a shroud 52
and a removable frame 54 made in two parts 54a, 54b, the frame being placed around the head
of the shroud. As in the previous embodiment, only the upper end of the casting element has
been depicted in the figures.
[0035] The shroud 52 comprises a tube body 58 made of a refractory material and is equipped
in an end portion of the shroud with a metallic jacket 58 made notably of steel. Like the shroud
according to the previous embodiment, the shroud 52 at its upper end ends in a contact surface
60 which is planar and intended to make contact with the upstream element of the installation,
namely the slide valve 20.
[0038] The shroud aiso comprises four radial distinctive features consisting of the projections
62 and formed in the end portion of the shroud. These projections 62 are spaced 90° apart, i.e.
are configured in such a way that the cross section of the shroud does not vary when this shroud
is rotated through 80°.
[0037] Further, as may be seen in figure 4, each projection 62 ends at its end distant from the
contact surface 80, in a chamfered surface 64 which is inclined relative to the contact surface 60.
Each surface 64 is intended to rest against a complementary surface 68 belonging to the frame,
likewise indined relative to the surface 60 of the shroud when the frame and the shroud are
assembled. The surfaces 84 and 66 come Into abutment with one another to hold the shroud in
the frame.
[06038] Further, on its periphery, In each portion forming the radiat distinctive feature, the shroud
52 comprises a protrusion 68. The protrusions 68 are intended to engage in a continuous groove
70 of the frame when the frame and the shroud are assembiled.
[0039] Each part of the frame has an internal wall of a shape that complements that of the
shroud. The two removable parts 54a, 54b of the frame are screw fastened together using the
orifices 72 provided for that purpose and a screw-nut system. As a result, the two parts of the
frame are not fixed to the shroud but are secured to the shroud through the action of their mutual
attachment means and through the collaboration between the abutment surfaces 62 of the
shroud and 66 of the frame and between the protrusions 68 of the shroud and the groove 70 of
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[0040] Further, because the shapes of the shroud and of the frame complement one another
and because the protrusions 68 and the groove 70 are in register with one another, it is possible
to determine the angle of rotation of the shroud about the central axis, relative to the frame.
Specifically, the shroud can be fitted onto the frame only in certain determined orientations. The
means 68-70, 71-82 therefore form means of controlling the orientation of the shroud with
respect to the frame.

[0041) The frame is still fitted into the casting installatlon in the same way using means of
controlling the orientation of the frame with respect to the upstream element, which means have
not been depicted in the figure. These means for example comprise two notches similar to the
notches 42, situated on two opposite sides of the frames and able to collaborate with two pins of
the support.

[0042] Further, because the shroud does not vary when rotated through 80°, and because the
four protrusions 62 are identical, it can be placed in the frame in four orientations spaced 90°
apart.

[0043] Thus, the casting element formed by the shroud and frame assembly can be placed in
the casting installation in four distinct orientations. The means 62 associated with the
complementary shapes of the intemal wall of the frame 54 and 68-70 and the means of
controlling the orientation of the frame relative to the support form means of controlling the
angular orientation of the shroud about the axis of the canal relative to the support and to the
upstream element of the casting installation. These means are able to give the shroud four
distinct orientations relative to the support and to the upstream element.

[0044] Further, because the surface 84 rests on the surface 66 under gravity, the regions
situated between the radial protrusions 62 are under compression when the frame 54 and
shroud 52 assembly is introduced into the installation. The means of checking the orientation are
then arranged so that the regions most damaged by the sliding, which are the regions situated in
the vicinity of the diameter of the tube extending in the direction of sliding of the shroud when the
shroud is introduced into the installation, corresponds to the regions situated between the radial
protrusions. These regions, because they are under compression, are In fact less damaged by
the loadings due to the sliding.

[0048] It will also be noted that the metallic jacket 58 of the shroud 52 comprises four fins 74
such as the fins 44 described in‘the first embodiment. These fins allow the casting element to be
placed on a handling device that moves the shroud into the installation. In this embodiment, the
fins are situated such that they are offset in relation to the radial protrusions.

[0048] Thus, the shroud and frame assembly that forms the casting element also allows the
shroud to be oriented in the casting installation in the desired manner.

[0047] The casting element is not limited 1o the embodiments described hereinabove.

[0048) For example, a casting etement comprising a shroud and a frame in which the shroud
can be fitted in just one single orientation relative to the frame, the frame being able to be
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introduced into the support of the installation in several orientations and relative to the upstream
element thereof also form part of the invention.
[0049]) Further, the shape of the control means is not limited to that described. The shroud
according to the first embodiment could comprise abutment surfaces projecting from the jacket
and/or notches of different shapes. Likewise, in the second embodiment, if the shroud were
circular of revolution, the control means could comprise projections 68 and a housing of
complementary shape formed in the frame. The number and distribution of these means is not
limited to that described either.
[0050) Further, gulde means such as the fins 44, 74 for positioning the shroud correctly on a
handling device are optional. These means may also have different shapes from those
described.
[0051) In addition, the shroud according to the first embodiment may comprise a head of a
cross section other than a square cross section.
{0052] Likewise, the shroud according to the second embodiment may comprise no radial
distinctive feature and be a circle of revolution. In that embodiment, the frame may also be fixed
to the shroud other than by screw fastening.
[0053]) Further, the shape and material of the tubes are not limited to those described above.
[0054) A method of casting according to one particular embodiment of the invention, performed
with either one of the tubes of the casting elements described above will now be described.
[0055) First of all, the ladle 12 is brought over the tundish, the slide valve 20 secured to this
ladle being closed at that time. The slide valve is more particularly an assembly of two
superposed plates capable of sliding one relative to the other, these two plates each comprising
an orifice. When the ladie 12 is brought over the tundish, the two orifices are not superposed.
[0058] Thus, because the orientation of the shroud is determined with respect to the
manipulator am, the casting element can be positioned in a first orientation with respect to an
upstream element of the installation, in this instance the slide valve 20. The manipulator arm 22
then brings the casting element 30; 50 against the slide valve 20 and the two plates of the slide
valve 20 are then moved so that the orifices become superimposed and the valve opens to allow
the stream to enter the canal. The casting operations are then performed and the liquid metal
from the ladle is therefore poured out into the tundish.
[0057] When the ladle 12 is empty, the arm 22 detaches the shroud from this ladle and the
latter is moved. A new ladle can then be brought into position over the tundish.
[0058] In the case of a casting element like the one described in the second embodiment, the
frame 54 is removed at this time and the orientation of the shroud 54 relative to the frame is
changed.
[0059] Then, in all instances, the casting element 30; 50 is introduced into the new Installation
compriging the new ladle so that the shroud of the casting element 30; 52 adopts a second
orientation different from the first retative to the slide valve 20. When the shroud of the casting
element 30 is a shroud according to the first embodiment, the orientation of the shroud relative to
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the arm 22 is changed, and when the shroud is a shroud according to the second embodiment,
the frame 54 is orientated in the same way relative to the arm 22.
[0060] The steps described above are repeated with the casting element 30; 50 introduced intc:
the installation so that the shroud of the casting element 30; 52 is in the second orientation, and
the same steps are then repeated a further time introducing the casting element 30; 50 in such a
way that the shroud of the casting element 30; 52 is in a third orientation relative to a valve of a
new casting installation. Thus, shroud wear is better distributed and the shroud can be used a
greater number of times. This lengthens the life of the shroud and that allows savings to be
made regarding costs associated with the tooling needed for casting methods.
[0061] The method according to the invention is not restricted to that described hereinabove
either.
[0062] If the installation comprises a support belonging to the ladle for holding the shroud in the:
installation, the method may comprise, for each step of introducing the shroud into the
installation, a step whereby a device takes hold of the shroud using the fins of the shroud, then &
step whereby the shroud is positioned on the support, the shroud being orientated relative to the
support using the notches 42 of the shroud or of the frame.
[0063] In this specification, the terms “comprise”, “comprises”, “comprising” or similar terms are
intended to mean a non-exclusive inclusion, such that a system, method or apparatus that
comprises a list of elements does not include those elements solely, but may well include other

elements not listed.
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Claims

1. Casting element for a casting installation for transferring liquid metal comprising a plurality cf
casting elements in successive contact and forming a canal along which the metal can flow,
the casting element comprising a tube, notably a ladle shroud, the axis of which correspands
to the axis of the canal, the said element being able to make contact with an upstream
element of the installation and being wherein it comprises means for controlling the angular
orientation of the tube about its axis with respect to the upstream element, these means

being capable of giving the tube at least three distinct orientations.

2. Casting element according to the preceding claim, wherein the control means are capable of

giving the tube four distinct orientations, notably spaced 90° apart.

3. Casting element according to either one of the preceding claims, wherein the tube, at an end
corresponding to one end of the canal, has a surface capable of making contact with the

upstream element, this surface being planar.

4. Casting element according to any one of the preceding claims, comprising a removable

frame hat can be placed around the tube.

5. Casting element according to any one of the preceding claims, wherein the control means
comprise at least one abutment surface formed on the tube and/or the frame and capable of
collaborating with at least one complementary surface belonging for example to a support

capable of keeping the element in contact with the upstream element of the installation.

6. Casting element according to claims 4 and 5 in combination, wherein the control means
comprise abutment surfaces formed, on the one hand, on the tube and, on the other hand,

on the frame, and able to collaborate.

7. Casting element according to either one of claims 5 and 6, wherein the end of the tube
comprising the contact surface is configured to have at least one radial distinctive feature,
the control means being arranged on the periphery of the tube in at least one of the portions
of the tube that form the distinctive feature.

8. Casting element according to the preceding claim, wherein the tube has at least two radial
distinctive features, each distinctive feature being a projection ending in the axial direction of
the tube in a chamfered surface, at a distance from the contact surface and capable of

collaborating with a complementary surface belonging notably to the frame.

9. Casting installation for transferring metal comprising a plurality of casting elements in
successive contact forming a canal along which the liquid metal can flow, wherein it

comprises a casting element according to any one of the preceding claims.
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10. Method for casting in a plurality of casting installations for transferring metal, each
installation comprising a plurality of casting elements in successive contact forming a canal
along which the metal can flow, the method using a casting element according to any one of
claims 1 to 8 and being wherein it comprises the following steps:
- the casting element is introduced into a first casting installation so that the tube is placed in
a first orientation about its axis with respect to an upstream element of the first installation,
- the casting operations are performed,
- the casting element is removed from the first installation,
- the previous three steps are repeated with the casting element placed respectively in a
second and then in a third installation so that the tube is placed respectively in a second and
then in a third orientation about its axis with respect to an upstream element of the second
and the third installation.




1551 (2)

1/2

12

18

16







