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A PIPE FLANGE COUPLING DEVICE, A PIPE ASSEMBLY AND A TOP-
SUBMERGED-LANCE (TSL) SYSTEM

FIELD OF THE DISCLOSURE

The present disclosure relates to flanged pipe couplings, and more particularly to a pipe
flange coupling device for coupling two flanged pipes to each other. The present disclosure
further concerns a pipe assembly incorporating such a pipe flange coupling device and a
top-submerged-lance (TSL) system incorporating such a pipe assembly.

BACKGROUND OF THE DISCLOSURE

Flanges are coupled to each other by attaching the opposing pipe flanges,
correspondingly. Typically, this has been done using a threaded connection (i.e. nut and
bolt) extending through corresponding holes provided on the opposing flanges. While
providing a reliable connection in static installations, threaded connections are time
consuming to connect, can be difficult to access and also susceptible to loosening in high
vibration environments. Moreover, such threaded connections require personnel to carry
out the coupling of the flanged pipes immediately adjacent to the flanges, which may

expose the personnel to non-ideal or even unsafe working conditions.

For example, publication EP 1 704 340 B1 discloses a device for automating the coupling
of flanged pipes by providing jaws, which clamp the flanges together. However, this device
is actuated via a ball screw -type mechanism, which might loosen in high-vibration

environments, unless constantly energized or separately secured.

BRIEF DESCRIPTION OF THE DISCLOSURE

An object of the present disclosure is to provide a pipe flange coupling device which
provides automated coupling of flanged pipes which are secure even in high-vibration
environments. It is a further object of the present disclosure to provide a pipe assembly
being secured with such a pipe flange coupling device and a TSL-system having such a
pipe assembly.

The object of the disclosure is achieved by a pipe flange coupling device, pipe assembly
and a top-submerged-lance (TSL) system which are characterized by what is stated in the
independent claims. The preferred embodiments of the disclosure are disclosed in the
dependent claims.

The disclosure is based on the idea of providing a pipe flange coupling device, which is
attachable in connection with a first pipe of a first pipe flange, having pawls engaging a
second pipe flange of a second pipe. The pawls are fixed to a spindle retractable by a
translation arrangement so as to pull the second pipe flange against the first pipe flange.
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More particularly, the translation arrangement is configured such that, when the flanged
pipes are coupled and the pawls are retracted, a force exerted on the pawls towards their
extended position is transmitted via the translation arrangement against a mechanical
stopper. Moreover, the translation arrangement is biased such that the translation
arrangement must work against this bias in order to extend the pawls and release flanged
pipes coupled to each other.

An advantage of the disclosure is that secure automated coupling of flanged pipes is

achieved even in high-vibration environments.

BRIEF DESCRIPTION OF THE DRAWINGS
In the following the disclosure will be described in greater detail by means of preferred
embodiments with reference to the accompanying drawings, in which

Fig.1 illustrates a perspective view of a pipe flange coupling device according to an
embodiment of the present disclosure;

Fig. 2 illustrates a partial cut view of the pipe flange coupling device of Fig. 1, and

Fig. 3 illustrates a perspective view of a pipe assembly according to an embodiment
of the present.

DETAILED DESCRIPTION OF THE DISCLOSURE
According to a first aspect of the present disclosure, a pipe flange coupling device for
coupling a first pipe 1 flange 1a to a second pipe 2 flange 2a is provided.

The pipe flange coupling device 3 comprises a frame 4 attachable in connection with a first
pipe 1 of the first pipe flange 1a. For example, the frame 4 may be provided as a boxed
structure at least partially housing some of the components of the device, such as the

translation arrangement, a rotation arrangement and a part of a spindle.

Preferably, but not necessarily, the frame is equipped with a means for attaching the frame
4 to the first pipe flange 1a. For example the frame 4 may comprise a pair of flank plates
which may be welded to the first pipe flange 1a. Alternatively, the frame 4 may comprise
threaded holes, which are used to bolt the frame to flank plates already provided on the
first pipe flange 1a. It should be understood, that other ways of attaching the frame 4
relative to the first pipe flange 1a, may be provided. For example, the frames could be
attached to a complete intermediate mounting flange which can be mounted between the
first and second pipe flanges.
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The pipe flange coupling device 3 further comprises a spindle 5 having a longitudinal axis
running substantially parallel with the first pipe 1 of the first pipe flange 1a on a radial
outside of the first pipe flange 1a as seen along the longitudinal direction, when in use.
The spindle 5 has a proximal end 5a and a distal end 5b extending longitudinally over the
first pipe flange 1a, when in use. The spindle 5 further has a pawl 6 fixed to the distal end
5b of the spindle 5 and radially extending therefrom.

Preferably, but not necessarily, the proximal end 5a may be housed within the frame 4,
while the distal end 5b may extend out of the frame 4.

The spindle 5 has been arranged as radially confined with respect to the frame 4 and
axially movable along the longitudinal axis with respect to the frame 4 between an
extended position and a retracted position. Furthermore, the spindle 5 has been arranged
as rotatably movable about the longitudinal axis with respect to the frame 4 between a
inwardly rotated position, in which the pawl 6 overlaps with the first pipe flange 1a, as seen
along the longitudinal direction when in use, and an outwardly rotated position in which the
pawl 6 does not overlap with the first pipe flange 1a as seen along the longitudinal direction

when in use.

The pipe flange coupling device 3 further comprises a rotation arrangement 10 coupled to
the spindle 5 so as to selectively rotate the spindle 5 between the inwardly rotated position
and the outwardly rotated position.

The pipe flange coupling device 3 further comprises translation arrangement coupled to
the spindle 5 so as to selectively move the spindle 5 between an extended position and a
retracted position thereof. The translation arrangement has an open position and a
mechanically restricted closed position, such that movement from the open position to the
closed position causes the spindle to move from the extended position to the retracted
position.

Moreover, the translation arrangement is associated with a biasing member for biasing the

translation arrangement into its closed position.

The translation arrangement and the associated biasing member are configured such that,
during a transition from the open position to the closed position, subsequent to the spindle
5 reaching the retracted position, the translation arrangement first works against the
biasing member before reaching the closed position. A rebound of the biasing member
then subsequently biases the translation arrangement towards its closed position.

The translation arrangement and the associated biasing member are further configured
such that, during a transition from the closed position to the open position, prior to the
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spindle 5 departing the retracted position, the translation arrangement works against the
biasing member so as to reach the open position.

The translation arrangement is further configured such that, in the closed position, a force
exerted on the spindle 5 towards the extended position causes the translation arrangement
to exert a force against the mechanically limited closed position, thereby preventing the
spindle 5 from moving towards the extended position.

In an embodiment according to the first aspect of the present disclosure, the translation
arrangement comprises a first stopper 12 fixed to the spindle 5 between the proximal end
5a and the distal end 5b, and extending radially from the spindle 5 with respect to adjacent
portions thereof.

Preferably, but not necessarily, the stopper 12 may be provided as a thrust nut threadedly
attached to the spindle 5.

The translation arrangement further comprises a first thrust plate 7 engaged with the first
stopper 12 in a first direction corresponding to the movement of the spindle 5 towards its
retracted position. That is, the first thrust plate 7 is radially confined with respect to the
spindle 5, while relative movement between the thrust plate 7 and spindle 5 is allowed
rotationally about and axially along the longitudinal axis of the spindle 5.

Preferably, but not necessarily, the cam 8 is provided with a bearing surface, for example
aroller, engaging the thrust plate 7.

Preferably, but not necessarily, the translation arrangement further comprises a thrust
bearing provided between the thrust plate 7 and the stopper 12, most suitably between the
thrust plate 7 and the compressible element 13.

The translation arrangement further comprises a first compressible element 13 as the
biasing member, arranged between the first thrust plate 7 and the first stopper 12, such
that the first thrust plate 7 is engaged with the first stopper 12 via the first compressible
element 13, and such that the first compressible element 13 is compressible in the first
direction, thereby allowing a corresponding relative movement between the first thrust
plate 7 and the first stopper 12 in the first direction.

The translation arrangement further comprises a cam 8 engaged with the first thrust plate
7 at least in the first direction. The cam 8 is pivotable between an open position and a
mechanically limited closed position.
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The translation arrangement further comprises a first actuator 9 coupled to the cam 8 and
configured to selectively operate the cam between the open position and the closed

position, and vice versa.

The translation arrangement further comprises a return arrangement 11 configured to push
the spindle 5 from the retracted position to the extended position, when the cam 8 is moved
from the closed position to the open position.

For example, the return arrangement could be implemented by providing a return spring
11 biasing the spindle 5 towards the extended position thereof. If such a spring is provided,
it should have a lower spring rate than the compressible element 13, i.e., the compressible
element 13 should yield less than the spring 11 of the return arrangement under the same
load. Most suitably, such a return spring 11 is provided between the stopper 12 and a
backing plate fixed with respect to the frame. Alternatively, the return arrangement could
be implemented by providing a second thrust plate (not illustrated) engaging with a second
stopper (not illustrated) in the second direction opposite to the first direction.

Moreover, the cam 8, the thrust plate 7, the compressible element 13 and the return
arrangement 11 are configured such that a movement of the cam 8 from the open position
to the closed position firstly pushes the spindle 5, via the first thrust plate 7, the first
compressible element 13 and the first stopper 12, from its extended position to its retracted
position, correspondingly. During this time, the engaging point of the cam 8 ( i.e. the point
of the cam engaging with the first thrust plate 7) moves towards the first direction.

This is followed, after the spindle 5 having reached its retracted position, by the thrust plate
7 being pushed towards the stopper 12 allowed by the compression of the compressible
element 13 in the first direction. During this time, the engaging point of the cam 8 still

moves in the first direction.

This is further followed by a rebound of the compressible element 13 pushing the cam 8,
in a second direction opposite to the first direction, to its closed position via the thrust plate
7, thereby biasing the cam 8 against its closed position. During this time, the engaging
point of the cam 8 moves in the second direction. That is, the closed position of the cam 8
is an over-the-centre -position, in which it its biased by the compressible element 13.

The cam 8, the thrust plate 7, the compressible element 13 and the return arrangement 11
are further configured such that a movement of the cam 8 from the closed position to the
open position firstly pushes thrust plate 7 towards the stopper 12 allowed by the
compression of the compressible element 13 in the first direction. During this time, the
engaging point of the cam 8 again moves in the first direction.
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This is followed by the rebound of the compressible element 13 pushing the cam 8, and
its engaging point, in the second direction, via the thrust plate 7, thereby releasing biasing
of the cam against its closed position 8. That is, the cam 8 is released from its biased over-
the-centre position.

This is further followed by the return arrangement 11 pushing the spindle 5 from the
retracted position to the extended position. During this time the engaging point of the cam

8 moves in the second direction

In an embodiment according to the first aspect of the present disclosure, the first actuator
9 is a linear actuator configured to pivot the cam 8 between the open and closed positions
thereof.

Any suitable linear actuator may be used. For example, the linear actuator 9 could a
pneumatic actuator, a hydraulic actuator, or an electromechanical actuator, such as a ball-

screw -type actuator.

In an embodiment according to the first aspect of the present disclosure, the rotation
arrangement 10 is configured to rotate the spindle 5 from the outwardly rotated position to
the inwardly rotated position during a movement of the spindle 5 from the extended
position to the retracted position, prior to the spindle 5 reaching the retracted position.

The rotation arrangement 10 is further configured to rotate the spindle 5 from the inwardly
rotated position to the outwardly rotated position during a movement of the spindle 5 from
the retracted position to the extended position, subsequent to the spindle 5 departing the
retracted position.

Such an arrangement ensures, that the pawls are not rotated while in frictional contact with
the second pipe 2 flange 2a, thereby minimizing the torque required for rotation.

Preferably, but not necessarily, the rotation arrangement 10 comprises a second actuator.
For example, the second actuator could be a hydraulic actuator, a pneumatic actuator, or

an electro-mechanic actuator.

As an example, the second actuator could be a rotary actuator fixed with respect to the
frame 4, and coupled to the spindle 5 so that it is rotationally engaged, while allowing a

relative movement in the longitudinal direction.

This could be carried out, for example, by providing a splined connection between the
second actuator and the spindle 5.

Alternatively, this could be carried out providing a sleeve 14a rotationally coupled with the
second actuator. The proximal end 5a of the spindle 5 could then be received within the
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sleeve 14a such that longitudinal movement therebetween is allowed. The proximal end
5a of the spindle 5 could be provided with a guide 14b extending radially from the spindle
and rotationally engaging with a longitudinal groove provided on the sleeve 14a. The
longitudinal groove on the sleeve 14a then allows the longitudinal movement of the guide
14b and the spindle 5 with respect to the sleeve 14a, while rotationally coupling the second
actuator with the spindle 5.

Such an arrangement having a sleeve 14a and a guide 14b may further be complemented
with an additional bushing surrounding the sleeve 14a and being fixed with respect to the
frame 4. This bushing is provided with an additional groove engaged with the guide 14b
extending through the sleeve 14a. Furthermore, the additional groove suitably has a shape
corresponding to the travel path of the spindle. For example, the additional groove may
have a longitudinal groove portion corresponding to the travel of the spindle 5 from the
retracted position to the extended position (and vice versa) and a circumferential groove
portion (i.e. a groove portion transverse to the longitudinal groove portion) corresponding
to the rotation of the spindle between the inwardly and outwardly rotated positions of the
spindle 5. Particularly, arranging the circumferential groove to extend from the point of the
longitudinal groove portion corresponding to the extended position of the spindle, rotational
locking of the spindle 5 at the retracted position is achieved, as no rotational movement is
allowed thereat by the additional groove of the bushing.

Alternatively, the rotation arrangement 10 may be implemented without a second actuator
and without a sleeve, by providing a similar bushing and guide as describe above, but with
the form of the additional groove being configured so as to translate the longitudinal
movement of the spindle into the desired rotational movement, i.e. having the pawls
inwardly rotated in the retracted position of the spindle 5 and outwardly rotated in the
extended position of the spindle. In such a case, a partially helical groove shape may be
used, for example. Furthermore, the rotation of the spindle may be facilitated by providing
e.g. torsional springs for rotationally biasing the spindle 5.

In an embodiment according to the first aspect of the present disclosure, the biasing
member, preferably the compressible element 13 is provided as a disc spring.
Alternatively, or additionally, other compressible elements, such as annular elastomeric
elements may be used.

It should be noted that the first aspect of the present disclosure encompasses any

combination of two or more embodiments, or variants thereof, as discussed above.

According to a second aspect of the present disclosure, a pipe assembly is provided.
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The pipe assembly comprises a first pipe 1 equipped with a first pipe flange 1a and a
second pipe 2 equipped with a second pipe flange 2a.

The pipe assembly further comprises the pipe flange coupling device 3 according to the
first aspect, as discussed above, wherein the frame 4 of the pipe flange coupling device 3
is attached in connection with the first pipe 1.

Moreover, the pipe flange coupling device 3 is attached in connection with the first pipe 1
such that the longitudinal axis of the spindle 5 runs substantially parallel with that of the
first pipe 1 on a radial outside of the first pipe flange 1a, as seen along the longitudinal
direction. The distal end 5b of the spindle 5 extends over the first pipe flange 1a and the
second pipe flange 2a. Moreover, the pawl 6 overlaps with the first pipe flange 1a and the
second pipe flange 2a in the inwardly rotated position thereof, and the pawl 6 does not
overlap with the first pipe flange 1a and the second pipe flange in the outwardly rotated
position thereof, as seen along the longitudinal direction.

The first pipe 1 is coupled to the second pipe 2 by the first pipe flange 1a abutting the
second pipe flange 2a, and by the pawl 6 of the pipe coupling device 3 engaging the
second pipe flange 2a and pressing the second pipe flange 2a against the first pipe flange
1a.

Preferably, but not necessarily, the frame 4 of pipe flange coupling device 3 is attached to
the first pipe flange 1a. This could be achieved, for example, by attaching a pair of flank
plates to the pipe coupling device 3, and then fixing the flank plates to the first pipe flange
1a. Fixing of the flank plates could be achieved by welding, threaded connection, or any
other suitable means of fixing.

It should be noted, that the first pipe flange 1a does not necessarily need to be rigidly, or
directly fixed to the first pipe 1. For example, the first pipe flange 1a could be provided as
a separate mounting flange, which is attached to an integral flange of the first pipe 1, or
even to an intermediate pipe flange attached to an integral flange of the first pipe 1. This
enables the more flexible installation of the pipe flange coupling device 3 in connection
with pre-existing pipes and pipe flanges, i.e., retro fitting. For example, the first pipe 1 may
have an integral pipe flange, onto which a flexible bellows is attached, having intermediate
flanges on both ends thereof. The mounting flange 1a would then be attached to the
intermediate flange of the bellows on a side of the bellows opposite to the first pipe 1.

Preferably, but not necessarily, the pipe assembly may comprise multiple pipe flange
coupling devices 3, most suitably disposed circumferentially about the first pipe 1.
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It should be noted that the second aspect of the present disclosure encompasses any

combination of two or more embodiments, or variants thereof, as discussed above.

According to a third aspect of the present disclosure, a top-submerged-lance (TSL) system
is provided. The TSL-system comprises a furnace, a feed pipe for providing a feed flow,
the feed pipe having a feed flange. The TSL-system further comprises a top-submerged
lance for introducing the feed flow into the furnace. The lance further comprises a lance
pipe having a lance flange for coupling the lance pipe with the feed pipe.

Particularly, the TSL-system further comprises the pipe assembly according to the second
aspect of the present disclosure, wherein the first pipe 1 of the pipe assembly is the feed
pipe and the second pipe 2 of the pipe assembly is the lance pipe.

Preferably, but not necessarily, the feed flange is attached to the feed pipe with a flexible
bellows. This helps disconnecting vibrations of the lance from the coupling of the feed pipe

flange and the lance pipe

It should be noted that the third aspect of present disclosure encompasses any

combination of two or more embodiments, or variants thereof, as discussed above.

Fig.1 illustrates a perspective view of a pipe flange coupling device 3 according to an
embodiment of the present disclosure. The pipe flange coupling device 3 comprise a box-
like frame 4, parts of which have been omitted from Fig. 1 for the purpose better illustrating
other components of the device. The device 3 has a spindle 5 with a distal end 5b residing
outside of the frame 4 and a proximal end 5a residing within the frame 4. The distal end
5b is equipped with a pawl 6 extending radially from the spindle 5.

The device 3 has a cam 8, which can be pivoted by actuation of the first actuator 9,
provided as a linear actuator. The pivot point of the cam 8 is fixed with respect to the frame
4. The cam 8 engages with the first thrust plate 7 in a first direction (i.e. towards the
proximal end 5b of the spindle).

The first thrust plate 7 is radially confined with respect to the spindle 5, while longitudinal
movement therebetween is allowed. The thrust plate 7 engages with the spindle in the first
direction via the compressible element 13, provided as disc springs, and the thrust nut 12,
which has been threadedly fixed to the spindle 5.

A return spring 11 is provided for biasing the spindle 5, via the thrust nut 12, towards the
second direction, opposite to the first direction. That is, the return spring is on the spindle
5, between the thrust nut 12 and a backing plate fixed with respect to the frame.
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A rotation arrangement comprising a second actuator 10 has been provided in connection
with proximal end 5a of the spindle 5 such that that longitudinal movement between the
spindle 5 and the actuator 10 is allowed.

Fig. 2 illustrates a partial cut view of the pipe flange coupling device of Fig. 1. Particularly,
Fig. 2 better illustrates how the cam 8 is engaged with the spindle 5 in the first direction
via the thrust plate 7, thrust bearing 7a, disc spring 13 and thrust nut 12. That is, the cam
8, the thrust plate 7, thrust bearing 7a and disc spring 13 are not directly coupled to the
spindle 5, whereas the thrust nut 12 is coupled to the spindle by means of a threaded
connection. Naturally other coupling method may be used for coupling the thrust nut 12 to
the spindle 5. In a similar manner, the spring of the return arrangement 11 is coupled to
the spindle via the thrust nut 12. More particularly, the spring of the return arrangement 11
is provided between a backing plate fixed to the frame 4 and the thrust nut 12 so as to bias
the spindle towards the second direction. Moreover, the shaft of the second actuator 10 is
rotationally coupled to the sleeve 14a having a longitudinal groove in which the guide 14b
of the spindle 5 is allowed to travel in a longitudinal direction. The sleeve 14a is housed by
a bushing fixed with respect to the frame 4. The bushing is equipped with an additional
groove, as discussed above, into which the guide 14b extends through the groove in
sleeve 14a.

Fig. 3 illustrates a perspective view of a pipe assembly according to an embodiment of the
present disclosure as an exploded view (i.e. the first pipe and the second pipe being
detached from each other). The first pipe 1 (illustrated with dotted lines for the purpose of
clarity) of the pipe assembly is provided with the first pipe flange 1a and the second pipe
2 of the pipe assembly is provided with the second pipe flange 2a. As already discussed
above, the first pipe flange 1a may be provided in connection with the first pipe 1 and an
integral pipe flange, or an intermediate pipe flange attached to the integral pipe flange of
the first pipe 1. Particularly, the pipe assembly of Fig. 3 is equipped with three pipe flange
coupling devices 3 according to those of Figs. 1 and 2, each one being attached to the first
flange 1a with a pair of flank plates. Naturally, any number of coupling devices 3 could be
used, depending on the pipe size and application. and Fig. 3 illustrates the pipe flange
coupling devices 3 having their respective spindles 5 in an extended and outwardly rotated
position. The pipes are coupled by bringing the first pipe flange 1a and the second pipe
flange 2a against each other, such that their annular face surfaces oppose one another.
The spindles 5 of the pipe flange coupling devices 3 are then rotated into their inwardly
rotated positions, such that the pawls 6 overlap with the flange 2a as seen along the
longitudinal direction of the pipe 2, and reach over and behind the flange 2a. The spindles
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5 are then subsequently pulled into their retracted positions, as described above, thereby
pressing the first pipe flange 1a and the second pipe flange 2a together and achieving
coupling of the first and second pipes 1, 2.
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CLAIMS

A pipe flange coupling device (3) for coupling a first pipe (1) flange (1a) to a second
pipe (2) flange (2a), comprising:
a frame (4) attachable in connection with a first pipe (1) of the first pipe flange (1a);
a spindle (5), having:
- a longitudinal axis running substantially parallel with the first pipe (1) of the first

pipe flange (1a) on a radial outside of the first pipe flange (1a) as seen along the

longitudinal direction, when in use;
- aproximal end (5a);

- a distal end (5b) extending longitudinally over the first pipe flange (1a), when in

use,

- a pawl (6) fixed to the distal end (5b) of the spindle (5) and radially extending

therefrom,

wherein the spindle (5) being arranged as:

radially confined with respect to the frame (4);

- axially movable along the longitudinal axis with respect to the frame (4) between
an extended position and a retracted position, and

~ rotatably movable about the longitudinal axis with respect to the frame (4)
between a inwardly rotated position, in which the pawl (6) overlaps with the first
pipe flange (1a), as seen along the longitudinal direction when in use, and an
outwardly rotated position in which the pawl (6) does not overlap with the first pipe
flange (1a) as seen along the longitudinal direction when in use,

a rotation arrangement (10) coupled to the spindle (5) so as to selectively rotate the
spindle (5) between the inwardly rotated position and the outwardly rotated position.

a translation arrangement coupled to the spindle (5) so as to selectively move the
spindle (5) between an extended position and a retracted position thereof, wherein the
translation arrangement has an open position and a mechanically restricted closed
position, such that movement from the open position to the closed position causes the
spindle to move from the extended position to the retracted position, and

characterized in that the translation arrangement is associated with a biasing
member for biasing the translation arrangement into its closed position, wherein the
translation arrangement and the associated biasing member being configured such
that
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- during a transition from the open position to the closed position, subsequent to
the spindle (5) reaching the retracted position, the translation arrangement first
works against the biasing member before reaching the closed position, whereby
rebound of the biasing member subsequently biases the translation arrangement
towards its closed position, and

- during a transition from the closed position to the open position, prior to the to the
spindle (5) departing the retracted position, the translation arrangement works
against the biasing member so as to reach the open position

wherein, when the translation arrangement being further configured such that, in the
closed position, a force exerted on the spindle (5) towards the extended position
causes the translation arrangement to exert a force against the mechanically limited
closed position, thereby preventing the spindle 5 from moving towards the extended
position.

2. The pipe flange coupling device (3) according to Claim 1, characterized by the

translation arrangement comprising:

- afirst stopper (12) fixed to the spindle (5) between the proximal end (5a) and the
distal end (5b), and extending radially from the spindle (5) with respect to adjacent
portions thereof,

- afirst thrust plate (7) engaged with the with the first stopper (12) in a first direction
corresponding to the movement of the spindle (5) towards its retracted position,
wherein the first thrust plate (7) being radially confined with respect to the spindle
(5), while relative movement between the thrust plate (7) and spindle (5) being
allowed rotationally about and axially along the longitudinal axis of the spindle (5);

- a first compressible element (13) as the biasing member, arranged between the
first thrust plate (7) and the first stopper (12) such that the first thrust plate (7) is
engaged with the first stopper (12) via the first compressible element (13), and
such that the first compressible element (13) is compressible in the first direction
thereby allowing a corresponding relative movement between the first thrust plate
(7) and the first stopper (12) in the first direction;

~ acam (8) engaged with the first thrust plate (7) at least in the first direction, the
cam (8) being pivotable between an open position and a mechanically limited
closed position;

- a first actuator (9) coupled to the cam (8) and configured to selectively operate
the cam between the open position and the closed position, and vice versa, and
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- a return arrangement (11) configured to push the spindle (5) from the retracted

position to the extended position, when the cam (8) is moved from the closed

position to the open position,

wherein the cam (8), the thrust plate (7), the compressible element (13) and the return

arrangement (11) are configured such that:

- a movement of the cam (8) from the open position to the closed position:

e}

firstly, pushes the spindle (5), via the first thrust plate (7), the first
compressible element (13) and the first stopper (12), from its extended
position to its retracted position, correspondingly,

followed by the thrust plate (7) being pushed towards the stopper (12)
allowed by the compression of the compressible element (13) in the
first direction, and

further followed by a rebound of the compressible element (13) pushing
the cam (8), in a second direction opposite to the first direction, to its
closed position via the thrust plate (7), thereby biasing the cam (8)
against its closed position, and

- a movement of the cam (8) from the closed position to the open position:

e}

firstly, pushes thrust plate (7) towards the stopper (12) allowed by the
compression of the compressible element (13) in the first direction,
followed by the rebound of the compressible element (13) pushing the
cam, via the thrust plate, in the second direction, thereby releasing
biasing of the cam against its closed position (8), and

further followed by the return arrangement (11) pushing the spindle (5)
from the retracted position to the extended position.

3. The pipe flange coupling device (3) according to Claim 1 or 2, characterized in that

the first actuator (9) is a linear actuator configured to pivot the cam (8) between the

open and closed positions thereof.

4. The pipe flange coupling device (3) according to any of the preceding Claims 1-3,

characterized in that the rotation arrangement (10) is configured to:

rotate the spindle (5) from the outwardly rotated position to the inwardly rotated

position during a movement of the spindle (5) from the extended position to the

retracted position, prior to the spindle (5) reaching the retracted position, and
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10.

11.

12.

rotate the spindle (5) from the inwardly rotated position to the outwardly rotated
position during a movement of the spindle (5) from the retracted position to the
extended position, subsequent to the spindle (5) departing the retracted position.

The pipe flange coupling device (3) according to Claim 4, characterized in that the
rotation arrangement (10) comprises a second actuator, wherein the second actuator
is preferably a rotary actuator coupled to the spindle (5) engaged in a rotational

direction, while allowing a relative movement in the longitudinal direction.

The pipe flange coupling device (3) according to any of the preceding Claims 2-5,
characterized in that the return arrangement comprises a return spring (11) biasing
the spindle (5) towards the extended position thereof.

The pipe flange coupling device (3) according to any of the preceding Claims 1-6,
characterized in that the biasing member (13) is provided as a disc spring.

The pipe flange coupling device (3) according to any of the preceding Claims 2-7,
characterized in that a thrust bearing is provided between the thrust plate (7) and the
stopper (12), preferably between the thrust plate (7) and the compressible element
(13).

The pipe flange coupling device (3) according to any of the preceding Claims 2-8,
characterized in that the cam (8) is provided with a roller engaging the thrust plate

(7).

The pipe flange coupling device (3) according to any of the preceding Claims 2-9,
characterized in that the stopper (12) is provided as a thrust nut threadedly attached
to the spindle (5).

The pipe flange coupling device (3) according to any of the preceding Claims 1-10,
characterized in that the frame (4) is equipped with attachment means for attaching
the frame (4) to the first pipe flange (1a).

A pipe assembly, comprising
a first pipe (1) equipped with a first pipe flange (1a),

a second pipe (2) equipped with a second pipe flange (2a),
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13.

14.

15.

16.

characterized by further comprising the pipe flange coupling device (3) according to
any of the preceding Claims 1-11, wherein the frame (4) of the pipe flange coupling
device (3) is attached in connection with the first pipe (1) such that:

- the longitudinal axis of the spindle (5) runs substantially parallel with that of the
first pipe (1) on a radial outside of the first pipe flange (1a) as seen along the
longitudinal direction;

- the distal end (5b) of the spindle (5) extends over the first pipe flange (1a) and the
second pipe flange (2a), and

- the pawl (6) overlaps with the first pipe flange (1a) and the second pipe flange
(2a) in the inwardly rotated position thereof and the pawl (6) does not overlap with
the first pipe flange (1a) and the second pipe flange in the outwardly rotated
position thereof, as seen along the longitudinal direction, and

wherein the first pipe (1) is coupled to the second pipe (2) by the first pipe flange (1a)
abutting the second pipe flange (2a), and by the pawl (6) of the pipe coupling device
(3) engaging the second pipe flange (2a) and pressing the second pipe flange (2a)
against the first pipe flange (1a).

The pipe assembly according to Claim 12, characterized in that the frame (4) of pipe
flange coupling device (3) is attached to the first pipe flange (1a).

The pipe assembly according to Claim 12 or 13, characterized in that the first pipe
flange (1a) is provided as a separate mounting flange attached to an integral flange
of the first pipe (1), or as a separate mounting flange attached to an intermediate pipe
flange which, in turn, is attached to an integral flange of the first pipe (1).

The pipe assembly according to any of the preceding Claims 12-14, characterized by
comprising multiple pipe flange coupling devices (3) disposed circumferentially about
the first pipe (1).

A top-submerged-lance (TSL) system, comprising
a furnace
a feed pipe for providing a feed flow, the feed pipe having a feed flange

and a top-submerged lance for introducing the feed flow into the furnace, the lance
comprising a lance pipe having a lance flange for coupling the lance pipe with the feed

pipe
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characterized by the top-submerged-lance system further comprising the pipe
assembly according to any of the preceding Claims 12-15,
wherein the first pipe (1) of the pipe assembly is the feed pipe and the second pipe

(2) of the pipe assembly is the lance pipe.

17. The top-submerged-lance system according to Claim 16, characterized in that the
feed flange is attached to the feed pipe with a flexible bellows.
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