FLASH WELDING FOR BILLETS WITH “DOWN CUT” BILLET ENDS

TECHNICAL FIELD

[001] The present disclosure is directed to methods and apparatuses for welding together
steel billets for forming endless bar for continuously rolling into a rolled product. In particular,
the apparatuses and methods disclosed herein are for use in welding together steel billets
having down cut ends.

BACKGROUND

[002] In steel rolling mills, square billets of typically 150mm x 150mm x 12m weighing 2 tons
each are heated in a Reheating Furnace and then rolled into various sections and sizes. Since
the final steel products are usually sold in 12 metres commercial lengths, the 2 ton billet will
invariably have odd final lengths less than 12 metres for different sizes and types of the finished
products. This loss can be 5% or more. To mitigate this the heated billets may be flash welded
before entering the first stand of a rolling mill. The tail end of the first billet is welded to the front
end of the second billet and so on. This may be known as “Endless Bar Rolling” or “Endless
Welding Rolling”. The result is virtually zero end losses.

[003] Steel billets are predominantely made from Continuous Casting Machines whereby the
molten steel is solidified into infinitely long square profile billets continuously while going through
such a machine. The solidified square billets have to be cut into billets, using various methods
and apparatuses, into convenient lengths, usually 12m, as intermediate steel products for
subsequent rolling in a subsequent rolling process in a hot rolling mill, to produce the rolled steel
as a finished product. Thus the intermediate billets are for subsequent charging into a
Reheating Furnace in another shop floor in a steel rolling mill for flash welding to form endless
bar and rolling into final rolled products.

[004] As the billets exit the Reheating Furnace, the tail end of the first billet and the front end

of the second billet are heated by passing a high electrical current to partially melt these ends.



Then these ends are pressed together to fuse them to form a flash weld, and the welded billets

can then be rolled continuously. Just before the flash welded joint passes the first rolling stand,
the excess weld at the joint is shaved off so that it will not be rolled into the finished products as
a surface imperfection. The shaving of the excess welds can be challenging. Thus far, in order
to obtain a clean shaved joint, uniform square cross sections of the welded billets are needed to
be welded together.

[005] Itis in the above context that the present disclosure has been devised.

SUMMARY OF THE INVENTION

[006] There are three types of cutting of the billets in the billet manufacture process and each
has different effects on the cross section of the billet cut faces; “Flame Cut’, “Diagonal Cut’, and
“Down Cut”.

[007] The flash welding of “Flame Cut” and “Diagonal Cut” billet ends has been successful
because these have suitably uniform square cross sections, but the successful flash welding of
billets with the deformed “Down Cut” billet ends has been not possible because of their severe
deformations at the billet ends.Each down cut end comprises a deformation in a cross section of
the billet by one side surface of the billet extending increasingly inwardly into a profile of the
billet in an end region of the billet, relative to a normal square cross sectional profile of the billet
away from the end portion of the billet, with the deformation resulting from a previous cutting
operation (e.g. a cutting operation in a continuous casting process for manufacturing the billets).
[008] This arises because, although the normal flash welding process of down cut billet ends
can be performed (i.e. the electric arc melting of the billets and the pressing of them together to
form a weld), the welded joints produced thereby cannot be properly shaved clean by deburring
and would be rolled into the end products as surface imperfections or “scabs” and rejected as

scrap.



[009] It has been realised by the present inventor that, with a relatively uniform square cross
section, such as those resulting from the “Flame Cut” and “Diagonal Cut”, the orientation of the
billet along its axis in relation to the next one to be flash welded does not matter and excess
welds are successfully shaved off whatever the relative orientation of the billets. However, for
an irregular cross section of the billet ends like from the “Down Cut”, a perfect clean shaved
welded joint cannot be achieved, particularly where the deburring cutter cannot access the weld
in the ‘down cut’ joint, and so the excess weld will be rolled into surface imperfections of the
final products.

[010] In this regard, it has been realised that the problem of flash welding such “Down Cut’
billet ends arises due to the random orientation of the billets along its axis when presented for
the flash welding, which can be on any of four sides.

[011] Viewed from one aspect, the present disclosure provides a method for welding together
steel billets having down cut ends. Each down cut end comprises a deformation in a cross
section of the billet by one side surface of the billet extending increasingly inwardly into a profile
of the billet in an end region of the billet relative to a normal square cross sectional profile of the
billet away from the end portion of the billet, the deformation resulting from a previous cutting
operation. The present method uses a flash welding device and one or more shaving cutters, for
removing excess weld material, to form endless bar for continuously rolling into a rolled product.
[012] The present method comprises steps of: determining an orientation of a down cut end of
the front of a billet to be welded to a rear of a previously welded billet; determining, based on the
orientation, whether the billet to be welded to the previously welded billet needs to be rotated
around a longitudinal axis of the billet to align the down cut end at the front of the billet to a
down cut end of the rear of the previously welded billet, so that a weld to be formed by the flash
welding device can be deburred successfully by the shaving cutters; operating a billet rotation
means, based on the determined rotation, to rotate the billet around the longitudinal axis of the
billet, to form endless bar for continuously rolling into a rolled product; flash welding the aligned
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billets using the flash welding device; and deburring the excess weld material from the flash
welded joint of the formed endless bar with the one or more shaving cutters.

[013] The welding of steel billets with down cut ends to form endless bar has not previously
been achieved and would allow manufacturers, who make use of endless bar rolling, to have
the means to make rolled steel products from billets of any cut, as the excess weld material
formed in the flash welding process can reliably be removed, and scabs in the finished rolled
products can be avoided.

[014] This is achieved by rotating the billets, around a longitudinal axis of the billet, to
complimentarily or oppositely align the down cut ends of the billets, such that the excess weld
material of the flash welded joint is able to be successfully deburred in subsequent processing
steps. If the down cut ends of the billets are not aligned in this way the deformations obstruct
the shaving cutters from reaching the excess weld material to successfully deburr the weld joint.
[015] Successful deburring with “Flame Cut” and “Diagonal Cut” billets is possible with a
random presentation of the billet orientation as these retain their square cross section and as
such can be flash welded and successfully deburred irrespective of their orientation.

[016] The rolled products produced from the endless bar can include products such as
reinforcing bar (known also as rebar), sheet steel, and steel plates.

[017] In embodiments, the cutting operation forming the down cut end is characterised by
having been performed by a mechanical shear comprising a stationary shear and a moving
shear arranged to be on opposite faces of the billet, with the moving shear moving towards the
stationary shear to cut through a cross section of the billet in between; and with the resultant
deformation causing the surface of one side of the billet to extend inwardly into the profile of the
billet by at least 25 mm or more, or by at least 10% of the thickness of the normal cross
sectional profile of the billet. In other embodiments, the surface of one side of the billet to extend
inwardly into the profile of the billet by at least 10 mm or more, or 15 mm or more, or 20 mm or
more, or 30 mm or more, or 35 mm or more, or 40 mm or more. In other embodiments, the
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surface of one side of the billet to extend inwardly into the profile of the billet by at least 5% of
the thickness of the normal cross sectional profile of the billet, or by at least 7% of the thickness
of the normal cross sectional profile of the billet, or by at least 12% of the thickness of the
normal cross sectional profile of the billet, or by at least 15% of the thickness of the normal
cross sectional profile of the billet, or by at least 17% of the thickness of the normal cross
sectional profile of the billet, or by at least 20% of the thickness of the normal cross sectional
profile of the billet. At the opposite surface, some deformation away from the normal billet profile
may be formed, such that the opposite surface extends outwardly, although typically by a
smaller amount over a shorter length.

[018] In embodiments, the deformed down cut end region of the billet comprises at least 10
centimetres at the end of the billet. This is due to the forces the billet end is subjected to during
the cutting operation. In other embodiments, the deformed down cut end region of the billet
comprises at least 5 centimetres at the end of the billet, or at least 7 centimetres at the end of
the billet, or at least 12 centimetres at the end of the billet, or at least 15 centimetres at the end
of the billet, or at least 17 centimetres at the end of the billet, or at least 20 centimetres at the
end of the billet, or at least 25 centimetres at the end of the billet, or at least 30 centimetres at
the end of the billet.

[019] In embodiments, the method further comprises: controlling the flash time and the
upsetting distance of the flash welding device to be sufficient such that the excess weld material
protrudes out of the profile of the billets, on the side of the deformed surface of the down cut
ends of the billets, to allow the excess weld material to be successfully deburred by one or more
shaving cutters.

[020] In embodiments, the shaving cutters may be configured to cut inside the profile of the
normal square cross section of the welded endless bar on at least the side of the deformed
surface of the down cut ends of the billets in order that the depth of the cut is sufficient to
remove all of the excess weld material from the flash welding joint.

5



[021] In embodiments, the rotation of the billet, to be welded to a previously welded billet,
around its longitudinal axis is to complimentarily align the down cut ends of the billets to be
welded together in the same direction, or oppositely align the down cut ends of the billets to be
welded together in an opposite direction, so that a weld to be formed by the flash welding device
can be deburred successfully by the shaving cutters.

[022] In embodiments, the formed endless bar for continuously rolling into rolled products is
rolled in a one or more rolling stands such that the rolled product contains no surface
imperfections or profile variations from the deburring of the excess weld material.

[023] Viewed from another aspect, the present disclosure provides apparatus for welding
together steel billets having down cut ends, each down cut end comprising a deformation in a
cross section of the billet by one side surface of the billet extending increasingly inwardly into a
profile of the billet in an end region of the billet relative to a normal square cross sectional profile
of the billet away from the end portion of the billet, the deformation resulting from a previous
cutting operation, the welding being to form endless bar for continuously rolling into rolled
product.

[024] In embodiments, the apparatus comprises a billet orientation determining means for
determining an orientation of a down cut end of the front of a billet to be welded to a rear of a
previously welded billet, and determining, based on the orientation, whether the billet to be
welded to the previously welded billet needs to be rotated around a longitudinal axis of the billet
to align the down cut end at the front of a billet to a down cut end of the rear of the previously
welded billet; a billet rotation device configured to rotate the billet, based on the determined
rotation, around its longitudinal axis of the billet to achieve the alignment; a flash welding device
for flash welding the aligned billets to form endless bar for rolling; one or more shaving cutters
for deburring excess weld material from the weld joint between the billets, the determined
rotation being so that a weld to be formed by the flash welding device can be deburred

successfully by the shaving cutters.



[025] In embodiments, the billet rotation means rotates the billet, to be welded to a previously
welded billet, around its longitudinal axis to complimentarily align the down cut ends of the
billets to be welded together in the same direction, or oppositely align the down cut ends of the
billets to be welded together in an opposite direction, so that a weld to be formed by the flash
welding device can be deburred successfully by the shaving cutters.

[026] In embodiments, the flash welding device is configured such that the flash time and the
upsetting distance of the flash welding device are sufficient such that the excess weld material
protrudes out of the profile of the billets on the side of the deformed surface of the down cut
ends of the billets to allow the excess weld material to be successfully deburred by one or more
shaving cutters.

[027] In embodiments, a reheat furnace is arranged for heating each billet before flash welding
so that the formed endless bar is sufficiently malleable to be rolled into rolled products.

[028] In embodiments, the billet orientation determining means comprises one or more
cameras coupled to one or more processors, positioned between the reheat furnace and the
flash welding device, for determining the orientation of the down cut end of a billet. This allows
for the billet orientation determining to be done at a distance from the rest of the apparatus such
that the heat of a reheat furnace, a steel billet, or a flash welding device, does not damage the
billet orientation determining means. The billet orientation determining may also be performed
automatically by the processors analysing the observed billet in the camera feed, determining
an orientation of the billet, and determining an appropriate rotation of the billet to align with the
billed in front to be welded to.

[029] In embodiments, the apparatus further comprises one or more rolling stands used to
continuously roll the formed endless bar into rolled products, such as those mentioned above.
[030] In embodiments, the shaving cutters comprise separate cutting means for each profile
surface of the endless bar, in order that the excess weld material can be removed from each of

these profile surfaces.



[031] In embodiments, the shaving cutters are configured to cut inside the profile of the normal
square cross section of the welded endless bar on at least the side of the deformed surface of
the down cut ends of the billets in order that the depth of the cut is sufficient to remove all of the
excess weld material from the flash welding joint.

[032] In embodiments, the apparatus further comprises one or more shaving cutters for
deburring the weld such that the endless bar can be continuously rolled into rolled products, by

one or more rolling stands, without surface imperfections from excess weld material.

BRIEF DESCRIPTION OF DRAWINGS

[033] FIG. 1ais a diagram of “Flame Cut” billets, showing that they retain their original square
cross section after the cutting operation.

[034] FIG. 1b illustrates “Flame Cut” ends of steel billets and their arrangement for successful
flash welding and deburring.

[035] FIG. 2ais a photograph of “Diagonal Cut” billets, showing the minimal deformation of
this type of billet.

[036] FIG. 2b illustrates diagonal cut ends of steel billets and their arrangement for successful
flash welding and deburring.

[037] FIG. 3a is a diagram of “Down Cut” billets, showing the deformation characteristic of this
kind of billet.

[038] FIG. 3bis a diagram of a “Down Cut” billet 301, showing the deformation of the end
regions of the billet and normal square cross sectional profile of the billet being retained away
from these end regions.

[039] FIG. 3c illustrates steel billets with down cut ends presented for flash welding with
orthogonally aligned deformation and the resulting imperfections, due to unsuccessful flash

welding and deburring.



[040] FIG. 3d illustrates steel billets with down cut ends presented for flash welding with
differently orthogonally aligned deformations and the resulting imperfections, unsuccessful flash
welding and deburring.

[041] Fig. 3e illustrates steel billets with down cut ends presented for flash welding with
deformations aligned in opposite directions and the resultant successful flash welding and
deburring.

[042] Fig. 3fillustrates steel billets with down cut ends presented for flash welding with
deformations aligned in opposite directions and the resultant successful flash welding and
deburring.

[043] FIG. 4 is a schematic diagram of the apparatus for successfully welding together “Down
Cut” billets into endless bar for rolling into rolled products.

[044] FIG. 5 is a flow chart detailing the method for successfully welding together “Down Cut”

billets into endless bar for rolling into rolled products.

DETAILED DESCRIPTION

[045] The detailed description set forth below in connection with the appended drawings is
intended as a description of presently preferred embodiments of the invention, and is not
intended to represent the only forms in which the present invention may be practised. It is to be
understood that the same or equivalent functions may be accomplished by different
embodiments that are intended to be encompassed within the spirit and scope of the invention.

Furthermore, terms "comprises," "comprising," or any other variation thereof, are intended to
cover a non-exclusive inclusion, such that apparatuses and method steps that comprises a list
of elements or steps does not include only those elements but may include other elements or
steps not expressly listed or inherent. An element or step proceeded by "comprises ...a" does

not, without more constraints, preclude the existence of additional identical elements or steps

that comprises the element or step.



[046] Referring now to FIG. 4, this shows a schematic illustration of an embodiment of an
apparatus for successfully welding together “Down Cut” billets into endless bar for rolling into
rolled products in accordance with aspects of the present disclosure. FIG. 4 shows a “Down
Cut” steel billet 401, of a sequence of such billets, to be welded together into endless bar, a
conveyor 402 for conveying the steel billets through along the processing line, a reheat furnace
406, a flash welding device 407 and associated control means 408, shaving cutters 410, and
rolling stands 412.

[047] The reheat furnace 406 is arranged and operated to heat the steel billets 406 so that the
billets will be suitably malleable for rolling into rolled product 413 by the rolling stands 412.
[048] The flash welding device 407 is controlled by control means 408, and is configured with
means to move along the conveyor 402 with the steel billets in order to successfully flash weld
the steel billets together to form a weld joint 409 therebetween.

[049] The shaving cutters 410 are for removing the excess weld material from the weld joint
409, also known as deburring. This produces a deburred weld joint 411 as seen in Fig 4, and if
this process did not occur or occurred unsuccessfully the rolled products 413 formed would
include surface imperfections or “scabs” from pressed in excess weld material.

[050] The rolling stands 412 are configured to roll the formed endless bar into rolled products
413, such as rebar or steel plate, and smooth out any concavity or shaving deformations formed
in the surfaces endless bar after passing through the shaving cutters 410.

[051] FIG. 1ais a diagram of “Flame Cut” billets, showing that they retain their original square
cross section after the cutting operation in the continuous casting process. A “Flame Cut” is
performed using fuel gas and oxygen. Because there are no mechanical forces acting in this
process, the resultant cross section of the billet ends retain their original square section (see Fig
1a). This type of billet ends are preferred by manufacturers for flash welding e.g., in an endless
bar rolling process, as their square cross section allows them to be welded together using a
standard flash welding process without any regard to the billet orientation and without any
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resulting imperfections. However this method has the disadvantage that there will be some
losses with the burning by the fuel gas and oxygen.

[052] FIG. 1billustrates “Flame Cut” ends of steel billets and their arrangement for successful
flash welding and deburring. This process may be performed using the apparatus of Fig. 4, but
the billet rotation means 405 may not be needed or used. Further, the flash welding device 407
and shaving cutters 410 may be operated in the conventional manner to form a weld joint 409
that can be fully deburred. As shown, “Flame Cut” billets 101-A and 101-B are flash welded
using a flash welding device, forming endless bar 101-AB and flash welded joint 102, with
excess weld material. The excess weld material can be successfully deburred from the flash
welded joint 102 of the formed endless bar 101-AB with the one or more shaving cutters.

[053] FIG. 2ais a photograph of “Diagonal Cut” billets, showing the minimal deformation of
this type of billet. “Diagonal Cut” billets are cut by mechanical shears diagonally in the
continuous casting process. This has some deformation of the resultant cross section of the
billets, but still retains a square cross section and is also acceptable with manufacturers for use
in flash welding (see Fig 2a), as their cross section allows them to be welded together using a
standard flash welding process without any regard to the billet orientation and without any
resulting imperfections.

[054] FIG. 2b illustrates diagonal cut ends of steel billets and their arrangement for successful
flash welding and deburring. This process may be performed using the apparatus of Fig. 4, but
the billet rotation means 405 may not be needed or used. Further, the flash welding device 407
and shaving cutters 410 may be operated in the conventional manner to form a weld joint 409
that can be fully deburred. As shown, “Diagonal Cut” billets 201-A and 201-B are flash welded
using a flash welding device, forming endless bar 201-AB and flash welded joint 202, with
excess weld material. The excess weld material can be successfully deburred from the flash

welded joint 202 of the formed endless bar 201-AB with the one or more shaving cutters.
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[055] FIG. 3ais a diagram of “Down Cut” billets, showing the deformation characteristic of this
kind of billet. In the “Down Cut” method, the cross section of the ends of the billets is severely
deformed due to the cutting motion of the shears in the continuous casting process. The
mechanical shear may cut the billet from one side face across the profile of the billet. The
cutting action of the mechanical shear causes the profile of the billet ends of the ‘down cut’
surface of the billets to be curved in the longitudinal axis to extend inwardly compared to the
normal profile of the billet away from its ends. For example the down cut billet profile may curve
inwardly from the normal billet profile over a 100mm length at the end of the billet, by a distance
of around 25mm or more. For a 150mm by 150mm billet, this can represent a 17% deformation
in the ‘down cut’ surface of the billet profile at its end, relative to the billet profile along its length.
At the opposite surface, some deformation away from the normal billet profile may be formed,
such that the opposite surface extends outwardly, although typically by a smaller amount over a
shorter length.

[056] FIG. 3bis a diagram of a “Down Cut” billet 301, showing the deformation of the end
regions of the billet 303 and normal square cross sectional profile 302 of the billet being retained
away from these end regions. The shading of the diagram, which only for illustration and does
not indicate a physical property of the billet, is to mark which portion of the “Down Cut” billet 301
constitutes the end region 303; where a deformation in the cross section of the billet by one side
surface of the billet extends increasingly inwardly into the profile of the billet, relative to a normal
square cross sectional profile 302 of the billet away from the end portion of the billet. The
dashed lines 304 are to mark the end of the normal square cross sectional profile 302 of the
“Down Cut” billet 301 and the start of the deformed down cut end regions 303, which each end
region comprising at least 10 cm of the length of the billet.

[057] FIG. 3c illustrates steel billets 311-A and 311-B with down cut ends presented for flash
welding with orthogonally aligned deformations and the resulting imperfections, unsuccessful
flash welding and deburring. The top side of the billet, the side which the mechanical shear cuts
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and deforms in the down cutting operation, is marked by shading, this shading not being used to
show any physical characteristic of the billets. As shown, “Down Cut” billets 311-A and 311-B
are flash welded using a flash welding device, forming endless bar 311-AB and flash welded
joint 312, with excess weld material. Here, this is to illustrate what would happen if the billets
311-A and 311-B are flash welded while orthogonally orientated and no billet rotation means is
used to align them (such as would be the case in accordance with the present disclosure). The
excess weld material is deburred from the flash welded joint 312 of the formed endless bar 311-
AB with the one or more shaving cutters, however this is unsuccessful in removing all of the
excess weld material. This is due to the shaving cutters not being able to reach this material as
it is within the normal cross section of the billet in a random orientation, and results in the
material being rolled into the end products as surface imperfections or “scabs” and the formed
products being rejected as scrap.

[058] FIG. 3d illustrates steel billets 321-A and 321-B with down cut ends presented for flash
welding with differently orthogonally aligned deformations and the resulting imperfections,
unsuccessful flash welding and deburring. The top side of the billet, the side which the
mechanical shear cuts and deforms in the down cutting operation, is marked by shading, this
shading not being used to show any physical characteristic of the billets. As shown, “Down Cut”
billets 321-A and 321-B are flash welded using a flash welding device, forming endless bar 321-
AB and flash welded joint 322, with excess weld material. Again, this is to illustrate what would
happen if the billets 311-A and 311-B are flash welded while differently orthogonally orientated
and no billet rotation means is used to align them (such as would be the case in accordance
with the present disclosure). The excess weld material is deburred from the flash welded joint
322 of the formed endless bar 321-AB with the one or more shaving cutters, however this is
unsuccessful in removing all of the excess weld material. This is due to the shaving cutters not

being able to reach this material as it is within the normal cross section of the billet in a random
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orientation, and results in the material being rolled into the end products as surface
imperfections or “scabs” and the formed products being rejected as scrap.

[059] To achieve successful flash welding of billets with down cut billet ends, the present
inventor has developed a revised process. This includes ensuring each billet is aligned or
turned into alignment so that both the bent ends are aligned before welding in a desired
alignment, such as that shown in Fig 3e (oppositely down cut alignment) or Fig 3f
(complementarily down cut alignment).

[060] Fig. 3e illustrates steel billets 331-A and 331-B with down cut ends presented for flash
welding with deformations aligned in opposite directions and the resultant successful flash
welding and deburring. The top side of the billet, the side which the mechanical shear cuts and
deforms in the down cutting operation, is marked by shading, this shading not being used to
show any physical characteristic of the billets. As shown, “Down Cut” billets 331-A and 331-B
are flash welded using a flash welding device, forming endless bar 331-AB and flash welded
joint 332, with excess weld material. The excess weld material can be successfully deburred,
from the flash welded joint 332 of the formed endless bar 331-AB with the one or more shaving
cutters, as in the oppositely aligned configuration gives excess material on only two sides.
Here, the flash welding time or the upset distance, or the shaving cutters may be adapted to as
to ensure that the excess weld material reliably formed by the flash welding in a desired side
surface of the billet, which may be inside the normal cross sectional profile of the billet, can be
reliably removed by the shaving cutters. The shaving cutters may be adapted to cut inside the
normal cross sectional profile of the billet on the two sides presenting down cut deformations,
although this may not be necessary if the flash welding time and upset distance have been
adapted to cause the weld material to reliably extend outside the normal cross sectional profile
of the billets.

[061] Fig. 3fillustrates steel billets 341-A and 341-B with down cut ends presented for flash
welding with deformations complementarily aligned in the same direction and the resultant
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successful flash welding and deburring. The top side of the billet, the side which the mechanical
shear cuts and deforms in the down cutting operation, is marked by shading, this shading not
being used to show any physical characteristic of the billets. As shown, “Down Cut” billets 341-A
and 341-B are flash welded using a flash welding device, forming endless bar 341-AB and flash
welded joint 342, with excess weld material. The excess weld material can be successfully
deburred, from the flash welded joint 342 of the formed endless bar 341-AB with the one or
more shaving cutters, as in the complementarily aligned configuration gives excess material on
only one side. Here, the flash welding time or the upset distance, or the shaving cutters may be
adapted to as to ensure that the excess weld material reliably formed by the flash welding in a
desired side surface of the billet, which may be inside the normal cross sectional profile of the
billet, can be reliably removed by the shaving cutters. The shaving cutters may be adapted to
cut inside the normal cross sectional profile of the billet on the two sides presenting down cut
deformations, although this may not be necessary if the flash welding time and upset distance
have been adapted to cause the weld material to reliably extend outside the normal cross
sectional profile of the billets.

[062] As shown in Fig. 4, a billet turning machine 405 can be controlled to rotate the billets
align the down cut billet ends before welding. In the flash welding process, the flash time can be
extended and the upset distance increased, for example compared to the normal flash time and
upset distance for flash welding billets.

[063] The flash time of the flash welding device 407 is the time that the high current electrical
arc between, and used for partially melting, the ends of the steel billets is present, and the
upsetting distance is the distance over which the steel billets travel on the conveyor 402 travel
whilst pressed together, for the function of fusing the partially melted ends of the billets to form
the endless bar.

[064] For example, a flash time of greater than 20 seconds may be used, and an upset
distance of over 40mm may be used. The flash time and/or the upset distance can be changed
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to be sufficient to form a weld in the aligned billet ends that, when shaved by a shaving
cutter/deburring machine, ensures that surface imperfections are avoided. This may be
achieved by the extended flash time and upset distance causing the excess weld 409 to
protrude further out of the profile of the billets, such that the shaving cutter(s) 410 can better
access the joint to successfully deburr it.

[065] The billet orientation determining means 403 is used to determine the orientation of the
down cut end of the incoming steel billet 401 and is coupled via the control means 404 to the
billet rotation means 405, such that the billet to be welded to the previously welded billet can be
rotated around its longitudinal axis to align the down cut end at the front of the billet to a down
cut end of the rear of the previously welded billet, so that a weld joint 409 to be formed by the
flash welding device 407 can be deburred successfully by the shaving cutters 410.

[066] Cameras coupled to a processor configured, e.g. by software, to operate the billet
rotation device at the reheat furnace 406 charging side, can be used in order to detect and
correct the orientation of the billet (i.e., as the billet orientation determining means 403), which
may turn inside the reheat furnace 406. The same camera and rotation device configuration
can additionally, or alternatively be used at the discharge side of the reheating furnace (e.g., in
case the billet turns while inside the walking hearth furnace). The processor-coupled camera
can acquire the image of the tail end of the first billet and can turn the next billet to match the tail
end of the previous billet in the configurations shown in either Fig 3e or Fig 3f. In this way the
random orientation of the billets has been restricted to complementarily aligned or opposed
orientation only and the successful clean shaving of the excess weld joints will be performed
accordingly.

[067] The shaving cutter(s) 410 (performing the deburring) may also be configured to take a
deeper cut for the down cut face(s) with the inwardly bent ends in order to remove the excess
weld formed. This deeper cut may result in a slight concavity in the cross section of the billets
at the join, as seen in endless bars 331-AB and 341-AB of Fig. 3. This slight concavity will be
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dispersed after passing through at least one or two of the rolling stands 413 such that the cross
section of the rolled product is equalised along the length, without any imperfections or scabs in
the finished product. In this way, the problems of flash welding of “Down Cut” billets can be
overcome.

[068] Fig 5 shows a flow chart detailing the method for successfully welding together “Down
Cut” billets into endless bar for rolling into rolled products.

[069] In step 501, an orientation of a down cut end of the front of a billet to be welded to a rear
of a previously welded billet is determined.

[070] In step 502, a determination is made, based on the determined orientation, whether the
billet to be welded to the previously welded billet needs to be rotated around a longitudinal axis
of the billet to align the down cut end at the front of the billet to a down cut end of the rear of the
previously welded billet, so that a weld to be formed by the flash welding device can be
deburred successfully by the shaving cutters.

[071] In step 503, a billet rotation means is operated, based on the determined rotation, to
rotate the billet around the longitudinal axis of the billet, for flash welding to form endless bar for
continuously rolling into a rolled product.

[072] In step 504, flash welding of the aligned billets is performed using the flash welding
device.

[073] In step 505, the excess weld material is deburred from the flash welded joint of the
formed endless bar with the one or more shaving cutters.

[074] In step 506, the formed endless bar is continuously rolled into rolled steel products.
[075] The object of this invention is to make the flash welding machines more versatile, being
able to accept all kinds of billet end cuts, including down cut ends, with obvious advantages

because of the flexibility.
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CLAIMS

1. A method for welding together steel billets having down cut ends, each down cut end
comprising a deformation in a cross section of the billet by one side surface of the billet
extending increasingly inwardly into a profile of the billet in an end region of the billet relative
to a normal square cross sectional profile of the billet away from the end portion of the billet,
the deformation resulting from a previous cutting operation, the method using a flash
welding device and one or more shaving cutters for removing excess weld material, to form

endless bar for continuously rolling into a rolled product, the method comprising steps of:

determining an orientation of a down cut end of the front of a billet to be welded to a rear

of a previously welded billet;

determining, based on the orientation, whether the billet to be welded to the previously
welded billet needs to be rotated around a longitudinal axis of the billet to align the down
cut end at the front of the billet to a down cut end of the rear of the previously welded
billet, so that a weld to be formed by the flash welding device can be deburred

successfully by the shaving cutters;

operating a billet rotation means, based on the determined rotation, to rotate the billet
around the longitudinal axis of the billet, to form endless bar for continuously rolling into

a rolled product;

flash welding the aligned billets using the flash welding device; and

deburring the excess weld material from the flash welded joint of the formed endless bar

with the one or more shaving cutters.

2. A method as claimed in claim 1, wherein the cutting operation forming the down cut end is

characterised by:
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having been performed by a mechanical shear comprising a stationary shear and a
moving shear arranged to be on opposite faces of the billet, with the moving shear
moving towards the stationary shear to cut through a cross section of the billet in
between; and

with the resultant deformation causing the surface of one side of the billet to extend
inwardly into the profile of the billet by at least 25 mm or more, or by at least 10% of

the thickness of the normal cross sectional profile of the billet.

3. A method as claimed in claim 1 or 2, wherein the deformed down cut end region of the billet

comprises at least 10 centimetres at the end of the billet.

4. A method as claimed in claim 1, 2 or 3, further comprising controlling the flash time and the
upsetting distance of the flash welding device to be sufficient such that the excess weld
material protrudes out of the profile of the billets on the side of the deformed surface of the
down cut ends of the billets to allow the excess weld material to be successfully deburred by

one or more shaving cutters.

5. A method as claimed in any preceding claim, wherein the shaving cutters are configured to
cut inside the profile of the normal square cross section of the welded endless bar on at
least the side of the deformed surface of the down cut ends of the billets in order that the
depth of the cut is sufficient to remove all of the excess weld material from the flash welding

joint.

6. A method as claimed in any preceding claim, wherein the rotation of the billet, to be welded

to a previously welded billet, around its longitudinal axis is to complimentarily align the down
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cut ends of the billets to be welded together in the same direction, or oppositely align the
down cut ends of the billets to be welded together in an opposite direction, so that a weld to

be formed by the flash welding device can be deburred successfully by the shaving cutters.

. A method as claimed in any preceding claim, wherein the formed endless bar for

continuously rolling into rolled products is rolled in a one or more rolling stands such that the
rolled product contains no surface imperfections or profile variations from the deburring of

the excess weld material.

. Apparatus for welding together steel billets having down cut ends, each down cut end
comprising a deformation in a cross section of the billet by one side surface of the billet
extending increasingly inwardly into a profile of the billet in an end region of the billet relative
to a normal square cross sectional profile of the billet away from the end portion of the billet,
the deformation resulting from a previous cutting operation, the welding being to form

endless bar for continuously rolling into rolled product, the apparatus comprising:

a billet orientation determining means for determining an orientation of a down cut end of
the front of a billet to be welded to a rear of a previously welded billet, and determining,
based on the orientation, whether the billet to be welded to the previously welded billet
needs to be rotated around a longitudinal axis of the billet to align the down cut end at

the front of a billet to a down cut end of the rear of the previously welded billet;

a billet rotation device configured to rotate the billet, based on the determined rotation,

around its longitudinal axis of the billet to achieve the alignment;

a flash welding device for flash welding the aligned billets to form endless bar for rolling;
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one or more shaving cutters for deburring excess weld material from the weld joint

between the billets;

the determined rotation being so that a weld to be formed by the flash welding device

can be deburred successfully by the shaving cutters.

9. Apparatus as claimed in claim 8, wherein the billet rotation means rotates the billet, to be
welded to a previously welded billet, around its longitudinal axis is to complimentarily align
the down cut ends of the billets to be welded together in the same direction, or oppositely
align the down cut ends of the billets to be welded together in an opposite direction, so that
a weld to be formed by the flash welding device can be deburred successfully by the

shaving cutters.

10. Apparatus as claimed in claim 8 or 9, wherein the flash welding device is configured such
that the flash time and the upsetting distance of the flash welding device are sufficient such
that the excess weld material protrudes out of the profile of the billets on the side of the
deformed surface of the down cut ends of the billets to allow the excess weld material to be

successfully deburred by one or more shaving cutters.

11. Apparatus as claimed in claim 8, 9 or 10, further comprising a reheat furnace arranged for
heating each billet before flash welding so that the formed endless bar is sufficiently

malleable to be rolled into rolled products.

12. Apparatus as claimed in any of claims 8 to 11, wherein the billet orientation determining
means comprises one or more cameras coupled to one or more processors, positioned
between the reheat furnace and the flash welding device, for determining the orientation of

the down cut end of a billet.
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13. Apparatus as claimed in any of claims 8 to 12, further comprising one or more rolling stands

are used to continuously roll the formed endless bar into rolled products.

14. Apparatus as claimed in any of claims 8 to 13, wherein the shaving cutters comprise

separate cutting means for each profile surface of the endless bar.

15. Apparatus as claimed in any of claims 8 to 14, wherein the shaving cutters are configured to
cut inside the profile of the normal square cross section of the welded endless bar on at
least the side of the deformed surface of the down cut ends of the billets in order that the
depth of the cut is sufficient to remove all of the excess weld material from the flash welding

joint.

16. Apparatus as claimed in any of claims 8 to 15, wherein the one or more shaving cutters

deburr the weld such that the endless bar can be continuously rolled into rolled products, by

one or more rolling stands, without surface imperfections from excess weld material.
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