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(57) Abstract: The invention relates to an electrode
clamping device suitable for use in an electrical arc fur-
nace. The clamping device 1s used releasably to clamp an
electrode of an electric arc furnace, and includes at least
one elongate tension element configured in use to extend
at least partially about a periphery of the electrode of the
arc furnace 1 order for the tension element to define a
tensionable loop about the electrode that is adapted to ex-
ert a clamping force on the electrode when tensioned. The
clamping device also includes a tensioning mechanism in-
cluding tensioning means adapted to exert a tensile force
on end zones of the clamping element so as to tension the
tension element, characterized in that the force exerted by
the tensioning means 1s directed 1n a radial direction relat-
1ve to the electrode.
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ELECTRODE CLAMPING DEVICE

BACKGROUND TO THE INVENTION

The invention relates to an electrode clamping device suitable for use in an

glectrical arc furnace.

Arc furnaces are frequently used in the steel and ferro alloy production
industry during metallurgical smeliing operations. An electric arc furnace
comprises one or more electrodes that extend into a furnace. Lower ends
of the electrodes are located adjacent a furnace load, and in use supplies
the required energy to melt the load by forming an electric arc between the
electrode and the furnace load. The electric current required to achieve the
‘arcing” is conducted to the electrode by way of conductive contact shoes,
which provides a conductive path between the energy source and the

elecirodes.

Arc furnaces also include positioning systems which are designed to hold
the electrodes, and also to control the position of the ends of the electrodes
relative to the [oad so as to ensure that approximately constant current and
power input are maintained during the meling or smeliting of the load. The
various positioning systems typically have the same common denominator:
of having a yoke that releasably engages the electrode, with the yoke being
displaceable relative to the roof of the furnace so as to control the position
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of the electrode. The yoke is generally displaced by a winch or a hydraulic

piston arrangement.

During operation the electrodes are consumed at lower ends thereof, and
needs to be continuously displaced downwardly 1o ensure that termina
ends thereof remain proximate the furnace load. To some extent, the
positioning system as described above is used to control the position of the
end of the electrode. However, at a certain point the positioning system will
reach an absolute lower limit, and the electrode will have to be readjusted
relative to the electrode holder in order to allow further downward
displacement of the electrode. in practice, this means the electrode must
be aliowed to be downwardly displaced relative to the electrode holder, and
this process is generally referred to as electrode slipping. In some cases,
for example where excessive slip has been allowed, there may be a need
to displace the electrode upwardly relative {0 {he electrode holder. This

process is referred to as back slipping.

In most existing arc furnaces slipping is enabled by providing a set of two
vertically adjacent clamping devices. The first clamping device i1s provided
on the yoke, and the second clamping device is spaced from the first by
means of hydraulic pistons. When slipping is required, one of the two
clamping devices is released and moved away from the other that is still
holding the electrode when in the desired position it reengages the
electrode, at this point the other clamping device s released and the two is
then moved closer to each other "slipping” the electrode downwardly, once
the desired “slip” is reached both clamps may be reengaged to hold the
electrode. it will be appreciated that there may be many different
configurations through which the above methodology can be implemented.
However, all the configurations share the common denominator of having

two clamping devices, each of which is required 1o exert a clamping force
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on the electrode in a first, clamping condition, and in most cases (o exert no

clamping force or a reduced clamping force on the electrode in a second,

release condition.

The slipping process has to be done in a very controlled manner due to the
size, weight and sensitivity of the electrodes to breakages. In addition, an
outer surface of an electrode generally has a relatively low coefficient of
friction, which renders the proper clamping of an electrode, especially
during slipping, critical. In smelters that utilize Soderberg electrodes of the
smooth type the clamping is typically done at a level where the thin steel
eiectrode casing or shel is the only source of structural support, and the
clamping must therefore be done in manner that wilt not result in crushing
of the thin casing or shell. In order to achieve this it is imperative for forces

to be distributed evenly right around the electrode.

On large electrodes over about 800mm in diameter, a number of different
clamping device designs are known in industry, and from a functional
design perspective they can generally be divided into two major groups. A
first group of clamping device are all characterised in that the clamping
force is applied in a radial direction at a number of discrete points of
clamping right around the electrode. In a second group of clamping
devices, the clamping force is generated circumferential about the entire
periphery of the electrode like a wire hose clamp.

As mentioned above, in the first group the clamping force is applied
radially, for example by arranging sets of springs around the electrode.
The sets of springs then apply direct radial or near radial pressure on the
electrode, typically from four or more sides. In this design the required
clamping force i1s quiie high, and is determined only by the mass of the

electrode and the achieved friction coefficient between the holding shoes
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and the casing. For example, for an electrode of 40 ton having a friction
coefficient of about 0.4, the required radial force would be about 100 ton,
which must be divided between the number of clamping members if four
segments then that will be 25 ton each. The reaction forces are taken up in
a frame that surrounds the electrode and houses the force generating
devices. This Kind of device then also needs multiple de-clamping devices
to remove the applied force, so if the force is applied from four directions
then four de-clamping devices are also required because each force

generating mechanism is a functionally discrete unit.

A first disadvantage of this type of clamping device is that where springs
are used for the force generating device, the springs need to be preloaded
by compressing the springs with a suitable adiustment mechanism.
Considering that in the above example (four clamping points) the forces are
applied in 80 degree segments then one wouid have o preload a 25 ton set
of springs at each clamping point. This is not an easy task and can cause
significant delays during setup and maintenance. A further disadvantage is
that this kind of design is also very heavy, as it needs a structural frame,
multiple de-ctamping devices, and large and very heavy springs. The spring
mechanism can also be very expensive and difficult to obtain, for exampie if

cup springs are used which also have other disadvantages.

The second group of clamping device, as already mentioned above, is the
family of clamping devices where an actuation force is distributed in 2
circumferential manner, but the corresponding clamping force is then
exerted on the electrode in a radial direction., This is therefore effectively
an arrangement where a clamping 'band’ extending aboul the
circumference of the electrode is tensioned. The term ‘band’ is of course
used loosely, and should be interpreted to include a cable, chain, a plurality

of linked elements, or any suitable elongate tensioning element that can be
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positioned about the periphery of the electrode, and which can transfer a
tensiie load.

The clamping force is applied by pulling at the ends of the band(s), and the
direction of the applied tensioning force is therefore in all cases essentially
tangential relative to the electrode. This force distribution about the
periphery of the electrode results in a considerable reduction in the required
actuation force, and for the same electrode mentioned in the example
above the required actuation force reduces from 100 ton to about 20 ton.
As a turther advantage this kind typically only needs a single de-clamping
device as only a sihgle actuation force-generating device can be used.
However this kind of clamping device needs some additional equipment to
ensure that the circumferential force is distributed around the electrode.
This can be by means of levers, hinges, flexible bands, linkages or cables.
To achieve a symmetrical design the force needs to be applied through
lever arms of some sort, which makes the force-generating device quite
large, heavy and expensive. The lever arms also iniroduce additional

mainienance requirements,

The use of the lever arms furthermore increases the required travel of the
de-clamping device during de-clamping of the clamping device. For
example, in some cases a spring travel of 80mm is required in order for the
pand to be slackened by 30mm (lever arms of 3:1 ratio) which then gives
less than Smm radial release on the electrode. This is not ideal, as the
reguired spring displacement should be kept to a minimum. If no symmetry
is needed the lever arms will not be reguired, but in such configuration the
force-generating device protrudes quite far from the electrode, which may

not be acceptable from a practical perspective.

An advantage of this type of clamping device is that typicaly no structural
frame is needed for the force-generating device to act against
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Furthermore, during setup and maintenance the de-clamping device can be
used to compress the force-generating devices (springs) further, and

adjustment is therefore done without needing to pre-stress the springs

manually,

It is accordingly an object of the invention to provide an electrode clamping

device that will at least partially, alleviate the above disadvantages.

it is also an object of the invention to provide an electrode clamping device

which will be a useful alternative to existing electrode clamping devices.

it is a still further object of the invention to provide a clamping device

suitable for use in electrode clamping and slipping assembly.

SUMMARY OF THE INVENTION

According to the invention there is provided a clamping device, suitable for
clamping and holding an electrode of an arc furnace, the clamping device
including at least one force-generating means that exerts a radial or near
radial directed force relative to the electrode, and wherein a reactive force
directed away from the electrode is taken up and distributed around the

electrode by means of a circumferential tensioning member.

There (s provided for the electrode to be a Soderberg type electrode but the

design would also be suitable on other electrode types.
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There is provided for the tensioning member to be a flexible or hingable

tensioning member.

The tensioning member may be in the form of at least one elongate tension
element configured in use to extend at least partially about a periphery of
the electrode of the arc furnace in order for the tension element to define a
tensionable loop about the elecirode that is adapted to exert a clamping

force on the electrode when tensioned.

In a preterred embodiment the force generating means may include at least
one biasing means having a first end and a second end, wherein a first end
of the biasing means is in use located adjacent the electrode, and wherein

the second end Is located radially or near radial outwardly of the first end.

There is provided for the end zones of the tensioning member to be
secured relative 1o the seccend end of the biasing means in order for
displacement of the second end of the biasing means to result in tensioning

of the tensioning member.

There is also provided for end zones of the tensioning member to be
angularly offset relative to the biasing means axis. This angle is preferably
between 35 and 85 degrees, more preferably between 45 and 75 degrees,
and most preferably about 60 degrees when in the preloaded clamping

posttion.

At the most preferred angle of 60 degrees the optimum balance Is reached
petween force magnitude transferred into the tension mechanism (cable)
and the release movement. For example if the force from the biasing
means Is 220kN then, then a 220kN force will be exerted on each of the
two tension members, at a very desirable ratio of 1:2. Furthermore, if the
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piasing means is de-clamped by only 50mm then it causes more than
40mm circumferential release, a ratio of almost 1:1, which is also very

desirable.

The offset may be achieved by guiding the ends of the tensioning member
around a guiding or anchoring formation so that the tensioning member

may bend over it at a desired radius.

The guiding formation may be round.

The biasing means may be displaceable between an extended position and

a compressed position, and may be bilased towards the extended position.

The biasing means is preferably in the form of a spring, and mors
preferably in the form of a helical coll spring. There is also provided for the

biasing means to be in the form of an actuator

A turther feature of the invention provide for the clamping device to include
friction shoes, which are in use located between the tensioning member
and the electrode casing surface. Alternatively the tensioning member may
also pe integrated into a friction shoe to form one integral part that is
pivotaily linked to an additional similar shoe or shoes.

there is provided for the tensioning member to comprise two separate
tension elements, with one tension element provided on each side of the
electrode, and with each fension element having a first end and a second

end.
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The first ends of the clamping elements may be secured to an adjustment
arrangement where the effective length of each iensioning element, and

therefore the loop formed by the clamping elements, can be adjusted.

the second ends of the tension elemenis may be secured to the force

generating mechanism, and more particularly to the second end of the

biasing means or spring.

the or each tension element may be in the form of a continuous flexible

cable, band, linkage, chain or strap.

The or each tension element may be in the form of a pluraiity of essentially

paraliel and continuous flexible cables, bands, linkages or straps.

The or each tension element may alternatively include a number of

interconnected, pivotable links.

A stilt further feature of the invention provides for the clamping device to
Include an optional de-clamping mechanism for use in reducing the tension
in the clamping element(s) in order to release the clamped electrode.

The de-clamping device may include a piston and cylinder arrangement

which is configured to compress the spring when actuated.
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BRIEF DESCRIPTION OF THE DRAWINGS

A non-limiting example of the invention is described with reference to the

accompanving figures, in which:

Figure 1 i a schematic cross-sectional plan view of a clamping
device in accordance with the invention, which illustrates the

general concept embodied by the invention;

Figure 2 IS a perspective view of two clamping devices in accordance
with an embodiment of tne invention, with one of the

clamping devices located above the other clamping device

s0 as to define an electrode slipping device;

Figure 3 1S a cross-sectional plan view of a clamping device of Figure
2, and
Figure 4 s an enlarged view of the tensioning mechanism of the

clamping device of Figure 3.

Referring {o the figures, in which like numerals indicate like features, a non-

imiting example of a clamping device in accordance with the invention is

indicated by reference numeral 10.

The gist of the invention is described with reference to Figure 1, which is a
schematic representation of clamping device 10 in accordance with this
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invention. The clamping device 10 is used to clamp an electrode 11, most
typically of the Soderberg type, and more particularly exerts a releasable
clamping force on the casing of the electrode. A clamping force is imparted
by way of a force-generating mechanism 20 that exeris a radially inwardly
directed force (F,) onto the casing of the electrode 11. An equal and
opposite force (Fg) is exerted by the force generating mechanism in a
direction opposite the radially inwardly directed force (F,). However,
instead of this force being absorbed by a support frame, which s the case
in prior art radial force configurations, the force (Fg) is used {o tension 2
tensioning member 30 extending about the electrode 11. The system is
therefore simpler and more efficient than prior art slipping devices, due to
the forces exerted by the force generating mechanism 20 being effectively
harnessed. A further novel and inventive aspect of the invention, which is
also clearly Hiustrated in Figure 1, is that end zones 35 of the tensioning
member 30 are offset relative to an axis of the biasihg means 21. This
angle (B} Is preferably between 35 and 85 degrees, more preferably
petween 45 and 75 degrees, and most preferably about 60 cegrees when
in the preloaded “clamped” position. At the most preferred angle of 60
degrees the optimum balance is reached between force magnitude
transferred into the tensioning member 30 and the release movement
required when de-clamping the clamping device 10. For example, if the
force from the biasing means is 220kN, a force of 220kN will be exerted on
each of the two ends of the tensioning member 30 resulting in an effective
clamping force ratio of 1:2 {i.e 220KkN exerted by biasing means: 220kN +
220 KN exerted on the two ends of the {ensioning member 30). in this 60
degree configuration F1 = Fr = F3 = F4. Further, if the biasing means is de-
cltamped {compressed) by only 50mm then it causes more than 40mm
circumferential release (stack), resuliing in a release ratio of almost 1:1.

Both the force distribution ratio and the release ratio are of a very desirable

orger.
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When no de-clamping mechanism is needed, the angle may be much
larger, and indeed closer to 85 degrees. This will result in a much greater
clamping force ratio of > 1.5 resulting in requirement for a much smaller
spring. In this configuration, minimal to no de-clamping will be possible and
slipping would be achieved by each clamping device being designed to
hold only part of the electrode weight, but with the two clamping device in
combination being able to hold the electrode weight. When the clamping
devices are now forcefully displaced up and down relative to one another,
the electrode’s mass becomes the determining factor as to which clamp
slips over the electrode and in order to result in downward slipping only.

This method of slipping is not new but the method of applying the clamping

force is.

A more specific example of an embodiment of the invention which utilizes
the above novel and inventive aspects is now described with reference to
Figure 2 to 4, in which two clamping devices 10 are used as a set of
clamping devices which in use act as an electrode slipping device that s
adapted to allow controlled displacement of an electrode 11 In a downward
direction (referred fo as slipping) or an upward direction (referred to as
back-slipping). This 18 achieved by the clamping devices 10 selectively
engaging and disengaging sides of a casing 12 of the electrode 11. The
clamping devices 10 are displaceable relative to one another, which
therefore allow the electrode to be displaced in a controiled manner. Even
though the device is referred t0 as a slipping device, the clamping devices
do not allow the electrode to slip relative to an engaged clamping device.
The concept of a slipping device 1s well known in the art, and this invention
relates {o the novel and inventive design of a new clamping device for use

n a siipping device.
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Fach ¢lamping device 10 includes a clamping arrangement comprising of
friction shoes 13 which can in use be pressed against the electrode casing
12 using a force generating mechanism 20, and which can be relaxed using

a de-clamping mechanism 40.

The clamping/tension arrangement can take many different forms, and in
this particutar example is in the form of two opposing sets of tension
elements, in this example being cables 31 & 32. The tension elements (31
and 32} in use at least partially surround the electrode casing 12 in order to
form a loop about the electrode casing 12. This loop can be tensioned by
means of force generating mechanism 20, and in turn exerts a compressive
force onto the friction shoes 13 and in turn onto electrode 11. Each set of
clamping elements include a number of spaced apart clamping cables, and
the number of cables making up a set is not of a limiting nature insofar as
the invention is concerned. For the purposes of clarity reference will be
made to a first and second tension element 30 in the singular form,
although it will be appreciated that each tension element may in fact
comprise a humber of individual tension elements as in fig's 2 to 4

represented by items 31 and 32.

The tension elements (31 and 32) each have a first end 33 and a second
end 35 The first ends 33 of the clamping elements (31 and 32) are
connected to an adjustment arrangement 34 which can be adjusted in order
to adjust the effective length of the oop formed by the clamping elements
(31 and 32). The adjustment arrangement may take many different forms,
and in this example is in the form of a friction shoe frame 34 to which the
first ends 33 are secured. The first ends 33 are displaceable relative to the
fricion shoe frame 34, and can also be secured in a required position
relative to the frame. It will be appreciated that the adjusting arrangement

34 is not essential, and will be omitted in cases where a single continuous
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tension element is used instead of two discrete, opposing tension elements
(31 and 32).

Second ends 35 of the tension elements (31 and 32) are located
ciametrically opposite the first ends 33, and are secured to a force
generating mecnanism 20 which is described in more detail below. The
proximal zones of the tension elements (31 and 32) do not directly abut the
outer surface 12 of the electrode 11, but runs over force distribution plates
37 which in turn impart the clamping force onto friction shoes 13. The
friction shoes 13 are located adjacent the outer surface of electrode casing
12, and in use exerts the clamping force onto the electrode casing.
Dispiacement means, for exampie rollers 38, are located between the
friction shoes 13 and the force distribution plates 37. and allow for some
refative sideways movement between the force distribution plates 37 and
the friction shoes 13 when the tension arrangement 20 is tensioned or

slackened. it is foreseen that the clamping device 10 may be used without
tenston elements 31 & 32 going all the way around the electrode, in which
case the friction shoes will be pivotally finked to each other. More
particularly, the tension elements (31 and 32) will include at least some

inked sections, with the linked sections defining some of the friction shoes
13.

The force generating machanism 20 is located diametrically opposite to the
adjusting arrangement 34, and includes tensioning means 21 for use in
tensioning the clampmg arrangement 10, and in this case therefore the
opposing clamping elements (31 and 32). The tensioning means 21 is in
the form of at least one spring 21 which is displaceable between a
compressed position and an extended position, with the spring being
biased towards the relaxed, extended position. A first end 21.1 of the spring

15 in use located adjacent the electrode 11, and the second end 21.2 of the
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spring is located radially outwardly of the first end 21.1. The spring 1s
therefore orientated in a radial or near radial direction relative to the

electrode 11, which is an important feature of the clamping device in

accordance with this invention.

As mentioned above, the first end 21.1 of the spring 21 Is located adjacent
the electrode, and will in use abut the friction shoe 13 that is in contact with
the electrode casing 12. When the spring is tensioned, it will therefore
exert a radially inwardly directed force onto the elecirode, similar to that
found in existing radial clamping devices. However, only one tensioning
mechanism 20 need be provided, which is a significant departure from the
existing radial clamping devices where mulliple tensioning means are
pcrovided about the periphery of the ejectrode. In these existing systems,
the second end of the tensioning means 21 or spring abuts an external
frame, which then absorbs the reaction force of the spring. However, in this
case the second end 21.2 of the spring 18 utiized to exert a further
clamping force on the electrode, and no external frame is required. More
particularly, the second ends 35 of the tension elements (31 and 32) are
secured to the second end 21.2 of the spring, and the reaction force
exerted by the spring is exerted onto the tension elements (31 and 32)
instead of an external support frame. In this way one end of the spring
exerts a radially directed force onto the electrode, while a second end of
the spring is used to {ension the tension elements, which in turn exerts
clamping forces around the electrode. The tensioning means or spring 21
is therefore utilized in a very efficient manner without the need for additional

external frames, leavers or supporting structures.

The interface between the tension elements (31 and 32) and the force
generating mechanism 20 is also an important aspect of this invention.

End zones 35 of the tension elements (31 and 32) are secured relative to
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the tensioning means or helical coll spring 21 of the force generating
mechanism 20. The end zones 35 are angularly offset relative to the
longitudinal axis of the spring, and this is in this example achieved by the
tension elements (32 and 32) running over guide formations 22 forming part
of the frame that houses the 21.2 end of the biasing means. A preferred
offset angle () between the end zones 35 and longitudinal axis of the
biasing means is about 60 degrees. The angular offset B is important
because It results in an optimal force distribution in the tension elements
(31 and 32) whilst still not allowing an adequate amount of travel of the

tenstoning means 21 when the clamping device is de-clamped.

The de-clamping mechanism 40 is located adjacent the force generating
mechanism 20, and includes a piston and cylinder arrangement 41 that in
use compresses the spring 21 when the clamping device is {0 be de-
clamped by introducing siack in the tension elements (31 and 32). The de-
clamping mechanism 40 can also be used to pre-stress the spring 21
during installation of the clamping device, which simplifies the setup

DroCEess.

The combination of a radial and circumferential clamping methodology
results i a number of advantages, inciuding:
- The use of only one set of tensioning means or springs;
- Sighificant reduction in the size and weight of such tensioning
means or springs due to the optimal distribution of forces;
- Small amount of travel required during de-clamping;
- By changing the angle of the tensioning means a greatly increassd
force can be generated for use on heavier solid electrodes requiring

less de-clamping
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- No requirement for external support frames to counteract the forces

exerted by the tensioning means or springs due to the reaction force

being exerted directly onto the tension elements.

It will be appreciated that the above is only one embodiment of the invention and
that there may be many variations without departing from the scope of the claims

as purposively construed.

CA 2876548 2017-10-19
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CLAIMS:

1. A clamping device, suitable for clamping and holding an electrode of an arc

furnace, the clamping device comprising:

at least one elongate tension element configured to extend at least partially

about a periphery of the electrode of the arc furnace in order for the at least
one tension element to define a tensionable loop about the electrode that is

adapted to exert a clamping force on the electrode when tensioned; and

at least one biasing means having a first end and a second end, wherein
the second end is configured to be located radially or near radially outwardly
of the first end relative to the electrode, wherein the at least one biasing
means Is displaceable between an extended position and a compressed
position, with the at least one biasing means being biased towards the

extended position;

a securing structure secured to end zones of the at least one tension
element and also secured to the second end of the at least one biasing
means, such that displacement of the at least one biasing means from the
compressed position to the extended position is configured to cause
displacement of the second end of the at least one biasing means radially

or near radially outwardly away from the first end is configured to result in

tensioning of the at least one tension element, and

wherein displacement of the at least one biasing means from the
compressed position to the extended position is configured to cause the first

end of the at least one biasing means to exert a radial or near radial force
directed towards the electrode and to cause the second end of the at least
one biasing means to exert a radial or near radial reactive force directed
away from the electrode, and wherein the securing structure being secured

to the end zones of the at least one tension element and the second end of

CA 2876548 2017-10-19
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the at least one biasing means is configured to cause the reactive force

directed away from the electrode to be taken up and distributed arounad the

electrode by the tensioning of the at least one tension element.

2. The clamping device of claim 1 in which the end zones of the tension
element are angularly offset at an offset angle relative to a longitudinal axis

of the at least one biasing means.

3. The clamping device of claim 2 in which the offset angle is between 35 and

85 degrees.

4. The clamping device of claim 2 in which the offset angle is between 45 and

75 degrees.

5. The clamping device of claim 2 in which the offset angle is approximately

60 degrees when in a preloaded position.

0. The clamping device of claim 1 in which the at least one biasing means
comprises a spring which is displaceable between the extended position
and the compressed position, with the spring being biased towards the
extended position, wherein the first end of the spring is configured to be

located adjacent the electrode.

CA 2876548 2017-10-19
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The clamping device of claim 1 further comprising friction shoes, which are

configured to be located between the at least one tension element and a

casing surface of the electrode.

The clamping device of claim 1 in which the at least one tension element Is
integrated into a friction shoe to form one integral part that is pivotally linked

to additional similar shoe or shoes.

The clamping device of claim 1 further comprising a de-clamping
mechanism for use in reducing the tension in the clamping device in order

to release the electrode when clamped.

The clamping device of claim 9 in which the de-clamping mechanism
iIncludes a piston and cylinder arrangement which is configured to compress

the at least one biasing means when actuated.

The clamping device of claim 1 wherein the at least one biasing means

comprises at least one spring.

The clamping device of clam 1 wherein the at least one biasing means

comprises at least one actuator.

CA 2876548 2017-10-19
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