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(54) FURNACE WITH STRAY-ARC PROTECTION SYSTEM AND METHOD OF MONITORING FOR
STRAY-ARCS EXTERNALLY OF A SHELL OF A FURNACE

(67)  Afurnace 12 comprises a protection system 10
against stray arcs in predetermined zones 44, 46 exter-
nally of a shell of the furnace. The system comprises an
electromagnetic signal imaging device 50 mounted and
configured to generate data relating to electromagnetic
emissions in the predetermined zones. A controller 52
comprising a processor 54 executing a program is con-
nected to the imaging device 50 to receive the generated
data. At least one of the imaging device 50 and the pro-

gram is configured to mask in data from the zone of in-
terest 46 only, and to mask out or discriminate against
data from adjacent regions 48. The processor is config-
ured to: process the generated data into intensity data;
compare the intensity data to experimentally or empiri-
cally predetermined threshold intensity data which is in-
dicative of a stary-arc forming in the zone; and to gener-
ate an output when the intensity data exceeds the thresh-
old intensity data.
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Description

INTRODUCTION AND BACKGROUND

[0001] This invention relates to electric arc furnaces
and more particularly to a furnace comprising a stray arc
protection system and a method of monitoring for poten-
tial stray-arcs externally a shell of the furnace.

[0002] A stray-arc is an arc that typically starts off as
a small leakage current that can develop into a small arc
that then rapidly develops into a full-blown arc with ex-
tremely high energy that can cause substantial damage,
destroy equipment and start fires.

[0003] JP20041566865A discloses a system and
method for controlling operation of a plasma arc type
melting furnace comprising a single elongate electrode
extending through the roof of the furnace into a chamber
defined by a shell of the furnace and a furnace bottom
electrode. In these furnaces, a plasma arc is generated
between the elongate electrode and a burden, which is
at the same voltage as the furnace bottom electrode, to
melt the burden. Stray-arcs may result in various unpre-
dictable places on the interior of the shell. The system of
JP20041566865A comprises a current measuring device
in series with the electrodes and an infrared camera
mounted outside the furnace shell or vessel and which,
through a window in the shell, monitors the plasma arc
region of the shell. From current data derived from the
current measurementdevice and data relating to the con-
dition (such as shape and temperature) of the plasma
arc, the absence or presence of a stray-arc inside the
shell whose route or position is unknown, is determined.
[0004] A problem with furnaces comprising at least two
elongate electrodes extending from suspension struc-
tures above the furnace roof through the roof and into a
chamber defined by the furnace shell is that dust and
other debris may accumulate on the roof and may result
in a stray-arc between the electrodes on the outside of
the shell. This stray-arc would not be detectable by the
device or system of JP20041566865A and this arc may
result in severe damage to the furnace as stated above,
resulting in extended production down-time. The same
may happen in other zones of interest on the outside of
the shell, for example between bus bars connected to
the electrodes. On the other hand, background light
and/or flames escaping upwardly through electrode
seals between the electrode and the roof to beyond a top
surface of the roof, are not considered a serious problem
in the present context and need to be distinguished from
potential stray-arcs on the outside of the shell which are
undesirable.

OBJECT OF THE INVENTION

[0005] Accordingly, itis an object of the presentinven-
tion to provide a furnace comprising a stray arc protection
system and method of monitoring for potential stray-arcs
externally of ashell ofthe furnace with which the applicant
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believes the aforementioned disadvantages may at least
be alleviated or which may provide a useful alternative
for the known furnaces and methods.

SUMMARY OF THE INVENTION

[0006] According to the invention there is provided a
furnace comprising:

- a furnace shell defining a chamber on the inside of
the shell;

- aroof; and

- atleast afirst elongate electrode and a second elon-
gate electrode extending through openings in the
roof into the chamber, the electrodes being connect-
ed to a furnace power supply via an electric circuit
comprising a circuit breaker; and

- a stray arc protection system comprising:

o an electromagnetic signal imaging device
mounted externally of the shell, the imaging de-
vice being mounted and configured to generate
data relating to electromagnetic emissions in a
predetermined zone of interest externally of the
shell and where a stray-arc may develop;

o a controller comprising a processor executing
an application specific program and which con-
troller is connected to the imaging device to re-
ceive the generated data;

o at least one of the imaging device and the soft-
ware being configured to mask in data relating
to the zone of interest and to mask out data re-
lating to adjacent regions which are not of inter-
est;

o the processor being configured to: process the
generated data into intensity data; compare the
intensity data to predetermined threshold inten-
sity data which is indicative of a stray-arc form-
ing; and to generate atan output an output signal
when the intensity data exceeds the threshold
intensity data.

[0007] Theterm "maskin”is used to indicate that data
relating to the zone of interest is processed and the term
"masked out" is used to indicate that data relating to ad-
jacent regions which are not if interest, is ignored or dis-
carded.

[0008] The imaging device may be sensitive to visible
light and the intensity data may be brightness data of the
visible light.

[0009] The imaging device may have a spectral range
of 350nm to 1050nm.

[0010] The threshold intensity data may be determined
empirically or experimentally for the zone of interest, typ-
ically during commissioning of the furnace.

[0011] The zone of interest may be one of a) a zone
between the first and second electrodes externally the
shell and above the roof and b) a zone between bus bars
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extending from the power supply to the electrodes.
[0012] The output may be connected to the circuit
breaker to interrupt the electrical circuit and/or to ener-
gize an alarm. The alarm may be any one or both of a
visible and an audible alarm.

[0013] The invention also includes within its scope a
method of monitoring for potential stray-arcs externally
of a shell of a furnace, the furnace comprising the shell
defining a chamber on the inside of the shell, a roof and
at least a first elongate electrode and a second elongate
electrode extending through openings in the roof into the
chamber, the method comprising the steps of:

- defining at least one zone of interest externally the
shell where a stray-arc may develop;

- utilizing an imaging device to capture data relating
to electromagnetic emissions in the zone;

- masking in data relating to the zone of interest and
masking out data relating to adjacent regions which
are not of interest;

- processing the generated data into intensity data;

- comparing the intensity data to threshold intensity
data which is indicative of a potential stray-arc de-
veloping in the zone of interest; and

- in the event of the intensity data exceeding the
threshold intensity data, taking preventative meas-
ures.

[0014] The imaging device may be sensitive to visible
light and the intensity data may be brightness data of the
visible light.

[0015] The preventative measures may be any one or
both of switching off power to the electrodes and ener-
gizing an alarm.

BRIEF DESCRIPTION OF THE ACCOMPANYING DI-
AGRAMS

[0016] The invention will now further be described, by
way of example only, with reference to the accompanying
diagrams wherein:

figure 1 is a block diagram of a stray-arc protection
system for a furnace;

is a diagrammatic side view of a top part of
the furnace comprising at least first and sec-
ond elongate electrodes;

is a diagrammatic plan view of the furnace in
figure 2;

is a diagrammatic view of a furnace power
supply connected by bus bars to the elec-
trodes;

is a diagram of an example embodiment of a
typical display of a user interface of the mon-
itoring system; and

is a flow diagram of an example method of
monitoring for potential stray-arcs externally
of a furnace.

figure 2

figure 3

figure 4

figure 5

figure 6
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DESCRIPTION OF APREFERRED EMBODIMENT OF
THE INVENTION

[0017] A stray-arc protection system 10 for a furnace
12is showninfigure 1 and will be described further below.
[0018] The furnace 12 is shown in figures 2 to 4. The
furnace 12 comprises a furnace shell 14 defining a cham-
ber 16 on the inside of the shell and a roof 18. The roof
typically comprises a water-cooled outer section 20 cir-
cumscribing an electrically non-conducting refractory
centre region 22. At least a first elongate electrode 24
and a second elongate electrode 26 extend from a sus-
pension and electrical connection structure 28 (shown in
figure 4) above the furnace downwardly through respec-
tive openings 30, 32 in the centre region 22 of roof 18
into the chamber. Electrode seals 34, 36 are provided
between the inner section 22 and the electrodes 24 and
26, respectively. In other embodiments, the entire roof
may be water-cooled.

[0019] As best shown in figure 4, the electrodes are
suspended from a suspension and connection structure
28. The electrodes 24, 26 are connected to a furnace
power supply 38 by an electrical circuit comprising bus
bars 40 and 42, respectively and a circuit breaker 60
(shown in figure 6).

[0020] Certain zones externally of the shell 14 are crit-
ical from a perspective of development of potential stray
arcs, which are undesirable, and which could cause se-
vere damage to the furnace and other equipment in the
vicinity of the furnace. Such zones comprise, but are not
limited to, a zone 44 (shown in figure 4) between the bus
bars 40 and 42 and a zone 46 (shown in figures 2 and
3) on an upper surface of inner section 22 of the roof
between the electrodes 24 and 26, where dust and debris
may accumulate and contribute to the formation of un-
desirable stray-arcs. These zones must be distinguished
from other known adjacent or nearby regions 48 (shown
in figure 2) which are not considered problematic in the
present context, for example, where heat and/or flames
may from time to time escape, in known manner, upward-
ly past the electrode seals 34, 36, to beyond the top sur-
face of the inner section 22 of roof 18.

[0021] Referring to figure 1, the monitoring system 10
comprises an electromagnetic signal imaging device 50
mounted externally of the shell 14. The imaging device
may be a high-resolution camera having a spectral range
of 350nm to 1050nm. The imaging device is mounted
and configured to generate data relating to light emitted
in the predetermined zone of interest 44 or 46 externally
of the shell and where stray-arcs may develop externally
of the shell. A controller 52 comprising a processor 54
executing an application specific program is connected
to the imaging device 50 to receive the generated data.
At least one of the imaging device 50 and the software
is configured to focus on or mask in data from the zone
of interest 44 or 46 only, and to mask out or discriminate
against data from the adjacent regions, such as regions
48. The processor is configured to: process the generat-
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ed data into brightness data; compare the brightness da-
ta to predetermined threshold brightness data which is
indicative of a stray-arc forming in the zone; and to gen-
erate atan output 56 an output signalwhen the brightness
data reaches the threshold brightness data.

[0022] The output 56 is connected in known manner
to a plant controller 58 and the plant controller is con-
nected, also in known manner, to control the furnace
transformer circuit breaker 60 of power supply 38.
[0023] Referring to figures 1 and 5, for purposes of
commissioning or installation, there is provided a com-
puter 62 having a GUI 64 (shown in figure 5) which is
connected to the controller 52.

[0024] During installation, a human installer 66 would
select and define (as shown at 68 in figure 1), via the
computer 64, the zone of interest 44 or 46 to be covered
by the imager 50. The installer would also empirically or
experimentally determine and set (as shown at 70 in fig-
ure 1) the threshold brightness data which would be in-
dicative of a potential stray-arc developing in the zone.
The commissioning process allows the selection of the
brightness threshold data suitably above ambient light
level of the furnace roof area. This ensures reliable de-
tection while accounting for varying light conditions.
[0025] Data relating to these selections is transmitted
by the computer 62 to the controller 52.

[0026] Inuse,theimager 50 continually generates data
relating to light generated in the zone of interest. The
generated data is fed in real time to the controller 52 and
the processor 54, for processing (also in real time) into
brightness data as described above. Referring to figure
5, the focus on or masking in of the data relating to zone
46 and discriminating against or masking out data relat-
ing to adjacent region 48 may in some embodiments be
achieved by the software processing brightness data
from pixels in an image generated by the device 50 cor-
responding to zone 46 as described above, and not those
of or ignoring the pixels corresponding to region 48.
[0027] In acase where the brightness data reaches or
exceeds the threshold brightness data (shown in broken
lines in figure 5), the output signal at output 56 causes
the plant controller 58 to transmit a signal to the circuit
breaker 60, to interrupt power to the electrodes, thereby
to prevent the potential stray-arc from forming or devel-
oping further in the zone of interest.

[0028] An associated method of monitoring for poten-
tial stray-arcs in at least one zone of interest externally
of a furnace shell is shown in figure 6, which is self-ex-
planatory.

[0029] It will be appreciated that the protection system
10 monitors the defined zones of interest 44 or 46 only
and masks out adjacent or even immediately adjacent
regions 48 where light brightness may from time to time,
for known reasons which are not considered dangerous
inthe current context, rise to elevated levels. This in effect
mitigates false triggers from background light sources.
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Claims

1.

A furnace comprising:

- afurnace shelldefining a chamberon the inside
of the shell;

- aroof; and

- at least a first elongate electrode and a second
elongate electrode extending through openings
intheroofintothe chamber, the electrodes being
connected to afurnace power supply via an elec-
tric circuit comprising a circuit breaker; and

- a stray arc protection system comprising:

o an electromagnetic signal imaging device
mounted externally of the shell, the imaging
device being mounted and configured to
generate data relating to electromagnetic
emissions in a predetermined zone of inter-
est externally of the shell and where a stray-
arc may develop;

o a controller comprising a processor exe-
cuting an application specific program and
which controller is connected to the imaging
device to receive the generated data;

o at least one of the imaging device and the
software being configured to mask in data
relating to the zone of interest and to mask
out data relating to adjacent regions which
are not of interest;

othe processor being configured to: process
the generated data into intensity data; com-
pare the intensity data to predetermined
threshold intensity data which is indicative
of a stray-arc forming; and to generate at
an output an output signal when the inten-
sity data exceeds the threshold intensity da-
ta.

The furnace as claimed in claim 1 wherein the im-
aging device is sensitive to visible light and the in-
tensity data is brightness data of the visible light.

The furnace as claimed in any one of claim 1 and
claim 2 wherein the imaging device has a spectral
range of 350nm to 1050nm.

The furnace as claimed in any one of the preceding
claims wherein the threshold intensity data is deter-
mined empirically or experimentally for the zone of
interest.

The furnace as claimed in any one of the preceding
claims wherein the zone of interest comprises one
of a) a zone between the first and second electrodes
externally the shell and above the roof and b) a zone
between bus bars extending from the power supply
to the electrodes.
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The furnace as claimed in any one of the preceding
claims wherein the output is connected to the circuit
breaker to interrupt the electrical circuit and/or to en-
ergize an alarm.

A method of monitoring for potential stray-arcs ex-
ternally of a shell of a furnace, the furnace comprising

the shell defining achamber on the inside of the shell,

a roof and at least a first elongate electrode and a
second elongate electrode extending through open- 70
ings in the roof into the chamber, the method com-
prising the steps of:

- defining at least one zone of interest externally

the shell where a stray-arc may develop; 15
- utilizing an imaging device to capture data re-
lating to electromagnetic emissions in the zone;

- masking in data relating to the zone of interest

and masking out data relating to adjacent re-
gions which are not of interest; 20
- processing the generated data into intensity
data;

- comparing the intensity data to threshold in-
tensity data which is indicative of a potential
stray-arc developing in the zone of interest; and 25
- in the event of the intensity data exceeding the
threshold intensity data, taking preventative
measures.

The method of claim 7 wherein the imaging device 30
is sensitive to visible light and the intensity data is
brightness data of the visible light.

The method of any one of claim 7 and claim 8 wherein

the preventative measures comprise any one orboth 35

of switching off power to the electrodes and energiz-
ing an alarm.
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