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FIG
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(57) Abstract: A method of determining the
mass flow of a casting of molten material, in
particular in the process for producing rock
wool, comprising the steps of: perturbing,
through perturbation means (6), the casting (4)
of molten material falling in a gravitational field
along an advancing axis (4a); acquiring, through
video acquisition means (7), a propagation of
the perturbation (P) along the casting (4) of
free-falling molten material, calculating the
propagation rate (vp) of the perturbation along
the casting (4) of molten material through data
processing means (8) co-operating with the video
acquisition means (7); calculating the flow rate
(m) of the casting (4) of molten material as a
function of said propagation rate (v,,).
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METHOD AND DEVICE FOR DETERMINING THE MASS FLOW OF A CASTING OF MOLTEN
MATERIAL

The  present invention relatesu‘ to a method of
determining the mass flow of a casting of molten
méterial, in parﬁiéular in the ﬁrocess for producing
mineral wool, such as éléss wool and rock wool.

In particular, the present invention relates to
evaluatién of the flow rate of a flow of molten
maferial, such as molten rock or glass, free falling in
a gravitational field.

In common processeé for producing rock wool or glass
wool, meltipg of the material takes place in a cupola
to a temperature of approximately 1500-1600°C. The
material casting, once molten, comes out of the cupola
through a siphon and falls freely downwards, being
directed to a fibering device, adapted to reduce the
molten material jet to fibre; this device consists of
one or more centrifugal disks -that, by rotation,
converts the casting to thin fibres settling in' the
settling chamber and after, by means of pendulum belts,
the fibers felt is laid on éuitable conveyor belts.

The material 1s i1mpregnated- with water-repellent
substances (resins and oils) and binders, so as to
obtain a compact fibrous mat £from which, after a

cooling and solidification process carried out in
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suitable furnaces, the final product is prefabricated,
which product has the required fibre structure,

specific weight and insulating thickness.

The characteristics and structure of the final product

depend both on the type 5f mineral introduced into the
cupola and  on the flow rate of the 2molten_ material
coming out of the furnace and directed to the fibering
device. In order to keep a good gquality of the final
product it is therefore of the greatést importance that
the quality of the mass in the fluid state be
monitored, being 1t necessary to act on the whole
working process by adjusting both the process speed and
the chemical composition of the material introduced
upstream; this is made possible by a control of the
flow rate comiﬁg onto the centrifugation devic;. For
evaluation of the mass flow it is necessary to know the
advancing speed-of the fluid.

A methéd proposed for evaluation of the fléwing spéed
of the casting involves observation of the advancipg
motion of an air bubble within the fluid mass. The air
bubble is already presént in the material and creates al
visual reference moving with the movement of the
casting of molten material.

Unfortunately, this method is only applicable to

transparent materials capable of making the air bubbles
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visible. In addition, following experimental tests,
this method appeared to be not very efficient f;om a
practical point of ﬁiew, since arrival of an air bubble
is not a phenomenon that can be determined with time
precision, and it is also not very reliable as regards
the numerical results suppliéd.

The methods currently used are based on measurements
carried out 'on the mass of material already cooled and
reduced into fibre and therefore performed in a too
advanced step of the producfion process. This does not
allow a correct and precise regulation both of the
speed of the production line, and the material density,
with suitable wvariations in the composition of the
materials introduced upstream. A non-calibration or a
wrong calibration of some factors éan ‘give rise to
characteristics of the material different from the
desireéd ones.

Document US 4090241 proposes a mathematical model for
calculation of the mass flow, based on evaluation of
the diameter of the casting at two different positions
along'the advancing aXis of the casting, located at a
known distance from each other, and on the estimate of
the average viscosity of the fluid. This method, which
is a non—invasive'one, however lacks precision and is

not sufficiently reliable.
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Accordingly, it is an aim of the present invention to
propose an alternative method of determining the masé
flow of ‘a casting of molten material, that is adaptable

to any type of free-falling fluid in a gravitational

 field.

A further aim of the present invention is to make
available a method of determining the mass flow of a
casting of molten material that can be put into
practice with ease, can be repeated and gives reliable
results.

The foregoing and further aims that will become more
apparent during the following description are
substantially achieved by a method of determining the
mass flow of a casting of molten material, in
accordance with the appended claims.

Further features and advantages will be best understood
from the detailed description of a preferred but not
exclusi&e embodiment, in + accordance with the
accompanying drawings, in which:

- Fig. 1 is a diagrammatic representation of an
apparatué for putting into practice the method for
determination of the mass flow of a casting of molten

material in accordance with the present invention;

'— Fig. 2 shows a first image acquired from an element
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of the apparatus diagrammatically shown in Fig. 1, to
which a first calculation method is applied;

— Fig. 3 shows a second image acquired from an element
of the apparatus diagrammatically shown in Fig. 1, to
which a first calculation method is applied;

— Fig. 4 shows the image in Fig. 2, to which a second
calculation method 1s applied;

— Fig, 5 shows the image in Fig. 3, to which a second
calculation method is applied:;

- Fig. 6 shows an example of a relation function

between two variables used in the calculation method

. described in the following specification.

A Qumerical evaluation of the mass flow of a fluid in
producing mineral wool or in similar metallurgic
processes has a great importance in carrying out and
setting up the production process itself.

The method herein described aims at calculating the
mass flow of a casting of molten material coming out of
a cupola.~

The'operating limits for measuring the flow rate of‘the
molten material are preferably included between 800°C
and 1800°C as to temperature values, between 5 and 20
dPas (deci Pascal seconds) as to viscosity wvalues and
betweep 0.1 an 3 m/s as to speed values.

The raw materials for producing rock wool, after
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weighing and measuring them to the right proportions,
are automatically loaded into a cupola, in which
melting of the rock takes place.

The molten rock 1is directed, through a siphon, to a
fibering device 9 comprising one or'more.rotating discs
that through centrifugation of the casting, convert- it
into fibres settling in the settling chamber 10.

The rock wool layer that 1s formed is subsequently
distributed by means of pendulum a collection belt 11
creating a mat that is caused to pass into a
polimerization oven 12, ie order to enable hardening of
the binder. Afterwards the material is cut to size and
packaged.

With reference to the accompanying Fig. 1, an apparatus
for calculation of the flow rate in a molten material
is denoted at 1. In a cupcla 2 the material (rocks,
minerale, glass and the like) wused for producing
mineral wool is molten. The molten material comes out
of cupola 2 through a siphon 3 in the form of a casting
4 falling iﬁ a gravi?ational free field along a
preferably verticel direction substantiaily colncident
with an advancing axis 4a.

Therefore the described method fakes place along a
vertical stfetch of casting .4, in a measurement region

5 included between siphon 3 and the fibering device 9.
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Apparatus 1 further comprises perturbation means 6 for
perturbing casting 4, that is adaptgd to cause a
perturbation or disturbance remaining in the casting 4
for a given time and space interval along the advancing
axis 4a of casting 4. This perturbation means 6 acts at
a position arbitrarily selected inside said measureﬁent
region 5.

Advantageously, the perturbation means 6 creates a
disturbance in a direction transverse to the advancing
axlis 4a of casting 4, preferably in a perpendicular
direction. The disturbance generated by the
perturbation means 6 can consist either of air jets
causing deviation of casting 4 from the advancing axis
4a or jets of sand or small.sélid particles marking a
given area of casting 4 in a visible manner. These jets
are operated by control wvalves of known type ahnd
therefore not shown. Preferably, ailr streams generated
by pneumatic systems are used.

Opposite to the perturbation means 6 relativetto axis
4a, apparatus 1 comprises video acquisition means 7
connected to and co-operating with data processing
means 8. The wvideo acquisition means 7 is . such
positioned as to be in the line of sight of casting 4

and of perturbation P generated by the perturbation

-
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means 6, so as to follow the perturbation motion along

the casting at the inside of the measurement region 5.

Preferably, the video acquisition means 7 comprises a

videocamera for example a CMOS or a CCD camera(charge
coupled device)or others which is provided with a small
silicon plate that, togethe£ with the lens, is able to
capture the iﬁages and convert them, due to sensors
with which it is covered, into electric signalé that in
turn are interpreted as to position, colour, intensity,
etc. and converted into bits to be sent to the
processing means é.

Advantageously, the videocamera is mounted in a
transparent protective housing 13 inside which a slight
overpressure 1is created relative to the external
en&ironment, to keep the lens clean and cool the
videocamera 7. Vidéocamera 7 acquires a plurality of
images referring to advancing of casting 4 free falling
from siphon 3 to the fibering device 9, and in
particular referring to the advanciﬁg motion of
perturbation P introduced by the perturbation means'6.
The processing means 8 comprises a computer inclﬁding

an image acquisition unit directly co-operating with

the video acquisition means 7 and a digital input-

output unit for operation of the perturbation means 6.

In addition the computer preferably comprises an
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analysis unit capable ofr analysing the plurality of
acquired images and a calculation unit capable of
carrying out the necessary calculations and
measurements. In this way, the processing means is able
to acquire the digitised images and‘process them, based
on a software to calculate the mass flow of the casting
of molten material.

The proposed method is based on hypotheses that the
castihg 4 of molten material coming out of cupola 2 is
an incompressible stationary isothermal fluid, with a
uniform motion and an axially symmetric geometry. In
addition, shearing stresses, surface tensions.and any
other effect due to drag are ignored.

The proposed method contemplates creation of a
disturbance seen as a perturbation P of the geometry of
the flow of molten material coming out of cupola 2. In
other words, the disturbance generated in this case by
an air flow discharged against casting 4 temporarily
alters the geometric profile of the casting edges, thus
obtaining a visual reference to be followed during the
casting motion.

A-plurality of images of this phenbmenon are acquired
and stored by the acquisition means 7 and processing
means 8.

Based on the above mentioned hypotheses, in oxrder to
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determine the casting flow rate, the continuity

equation is adopted:

d?r-
Lary, (1)

ﬁ:pﬂw;=
wherein;
Yo, is the density of the casting of molten material,

S is the surface of the transverse advancing section of
the casting,

Vp 1s the advancing speed of the perturbation that,
taking into account the preceding hypotheses, is the

same as the casting advancing speed.

In the hypotheses of cylindrical geometry of casting 4

"and therefore of axial symmetry, the surface of the

transverse section of the casting is equal to d?z/4,
where d is the casting diameter; in addition, in the
hypotheses of uniform fluid, the propagation speed of
the perturbation is equal te the. advancing speed of the
casting in a ‘region not subjected to disturbance.

Therefore, following the perturbétion motion . and
succeeding in determining the speed Vp, the advancing
speed of the casting and therefore the maximum flow

rate through application of the continuity equation (1)

. 1s obtained.

The software installed in the computer, by . analysing
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the acquired images, enables measurement:

- of the diameter d of the casting measured in a
direction = orthogonal to the advancing axis 4a of
casting 4,

~ of the advancing speed of the perturbation v, along
the césfing,

— of the density b pf the casting based .on the known
chemicai composition of the minerals introduced in the
cupola and based on temperatpre measurements,

— of the mass flow 51 of the casting.

The method herein proposed consists of two main steps:
a first step during which periodic measurements of the
flow rate are carried out, through evaluation of the
casting diameter, of some parameters characteristic of
the molten mass such as density and viscosity and the
advancing speed v of the casting through measurements
of the propagation speed v, of a perturbation produced;
and a second step during which the molten matérial flow
is no longer .perturbed but'.the speed course and
therefore the flow rate is calculated as a function of
the spatial co-ordinate along axis 4a of the casting
utilising, as +the starting condition, the speed vp,
obtained by calculations done during the first step.
This second step allows a continuous measurement of the

flow rate of the molten material, without repeated and
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frequent perturbation actions on the casting being
required.

The results obtained from the first step can be used as
independent variables for direct use in the control of
the mineral-wool production process or as boundary
conditions for performing the second step.

Both steps are performed with the aid of the
acquisition means 7 and processing means 8. The results
thus obtained are wused by a control system for
regulation and calibration of the whole mineral-wool
production process.

First Step of the Measurement Method

The acquisition means 7 acquires a plurality of images

for a given preestablished time interval, during which

‘the molten material flow is perturbed by the

perturbation means 6 and the thus created pertﬁfbatioh
P moves along the advancing axis 4a of thehcasting.

The dimages are acquired downstream of fhe siphon,
before the casting impinges on the fibering device 9.
Thé'acquired images are sent to the processing means 8
where the acguisition wunit imports them and the
analysis unit compares the grey levels of a plurality
of areas of these images..

Diagrammatically shown in Figs. 2 and 3 are two

subsequent images of the casting in the measurement
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region 5 at  perturbation P. The movement of
perturbation P is captured in a.plurality of subsequent
images, and since the videocamera is located, at a fixed
position, it is possible to see that perturbation P has
moved downwards, following the advancing motion of the
casting.

Through analysis of at least two subsequent images and
mutual comparison, the processing means 8 1is able to
determine deviation h of perturbation P between the
first aﬁd second images. Preferébly, this deviation h
is evaluated in terms of pixels interposed between a
given line of reference identified on the first image
and the gorresponding line, in an offset position, on
the second image.

The time At elapsed between said two subsequent images
is known, as it is fixed by the regulation parameters
of the videocamera. This time interval corresponds to
the time elapsed between acquisition of each of the two

images.

. Finally, by dividing deviation h of the perturbation by

the elapsed time interval 4t, the propagation speed of

the perturbation is obtained:



WO 2009/066331 PCT/IT2007/000817

10

15

20

25

_14._

In order to determine the advancing speed of the
perturbation v from analysis of two subsequent
images, two alternate methods can be used, both based
on evaluation of the grey levels of the images by the
analysis unit.

The first méthod that can be wused 1is known as
"correlation method" and is adapted to evaluate the
vertical component of the advancing speed of the
casting under any condition. In the inner surface
confined by contour "a" in Fig. 2, the analysis unit in
co-operation with the calculation unit evaluates the
intensity of the grey level A of each image i through
the following equation:

A() M E,(i.]) ‘ (3)

1
:EE.j
wherein:

E, is the grey level in the jth line of the ith image,

N is the number of pixels in each line j.

Index 7Jj covers "all lines in the region confined by
contour "a" in.Fig. 2.

The variable Ey, (i,7) has 256 grey levels included
between 0 (black) and 1 (white) i1f a 8-bit videocameré
is utilised.

The precedingvequation (3) applies to the subsequeﬁt
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images, preferably to one of the subsequent images,
using, as the calculation area, the region included in
contour - "b(h)" (Fig. 3) having the same size as the
area included in contour "a".

As can be noticed from a comparison between Fig. 2 and
Fig. 3, the contour "b(h)" is shifted by a value h
relative to contour "a" along the advancing direction
of the casting. Parameter h takes whole values included
between 0 and H(0<h<H), where H is the maximum admitted
deviation, determined by the limits of the visual area
of the videocamera, fqr example.

Therefore, the equation (3) applied to contour "b(h)"
1s expressed as  a function of parameter h, to be
determined.

This analysis and calculation procedure can Dbe
repeated on a plurality of pairs of subsequent images
acquired. i

Through intensity of the grey levels obtained with
equation (3) it is possible to optain a cross-—
correlation function r(h) between the grey level
intensify and the average intensity of the grey levels

in contours "a" and "b(h)", expressed by the following

equation:
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e Z [(Aa (i) Aa ) (A,,(,,)(z' + 1)—21,(;,))]
\/Z (4, ()~ f 3 (A 6+ )i ]

where A, and Ap(h) are the grey level intensities of

the images in the areas confined by contours "a" and
"b(h)", while 4. and :%@) are the average intensities
of the grey levels of the iméges in the areas confined
by contours "a" and "b(h)" of a plurality of pairs 5f
subsequent images acquired by the videocamera.

Index i is the number of the digitised image in the
series of subsequent images representing advancing of
the perturbation in the casting of molten material. The
cross—correlation =~ function r(h) is " a statistic
parameter used in searching for similitudes between
images or image parts.

In other words, the processing means 8 reads and
mutually compares several values referring to the
infqrmation on the grey levels of the plurality of °
acquired images.

A given starting reference area being fixed, . the
corresponding areas of the acquired subsequent images
are compared, by evaluating the intensity of the grey
levels, until the image or image area having the
maximum correlation with the reference image is found.
Therefore, with monotonic incfeases of parameter h and

calculation of the related cross—-correlation function
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r(h), it is possible to find which is the value h;, nax
of parameter | h maximising the cross-correlation
function r(hhmx.

An example of the course of the cross-correlation
function r(h) is shown in Fig. 6. The determined value
of Rhr,max is the deviation of perturbation P between two
subsequenf images, evaluated in terms~of pixels. Then
this value i1s to be converted into the correct physical
sizes (mm) through a suitable calibration constant k of
the videocamera (h,, =k'h.). Value h  thus obtained
is the deviation h to be used in equation (2) for

calculation of the propagation speed of the

perturbation:

*
- hr ,Inax

A

where At is the time interval elépsed between
acquisition of the two subsequent images.

The second method to be used for evaluating the
advancing speed of perturbation vp is known as to be
adapted when the disturbance profile is well defined.
This method contemplates identification of at least one
reference region on the casting at the perturbation. In
partiéular, should the disturbance bé generated by an

alir stream interfering in a direction transverse to
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casting, the region of maximum deflection of the
casting from its advancing axis 4a can be found.

Should perturbation P be caused by a Jjet. of sand'or
admission of small solid particles, a region of
different colour relative to the rest of the casting is
identified. In two subsequen£ images acquired, the
height jme of a region taken as visual reference in
the firsf image. and the height Jpmax,i+1 ©f the same
region in the second image is measured. Indexes i and
i+l idehtify two subsequent images acquired in a known
time interval At. The reference région, the casting
edge that mostly deviate from the advancing axis 4a for
example, is identified through the maximum gradient of
fhe grey levels. or through a threshold value, for
example.

Therefore, deviation of the disturbance between the two

subsequent images is given by:

h = Jmax,i - ]max,i+1

For each perturbation, measurement of a plurality of
deviations h 1s possible and therefore an average
deviation can be obtaineﬁ h* by which the advancing
spéed of perturbation/vb by means of the equation (2)

can be calculated. In this case too, At is the time
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interval elapsed between acquiéition of each of the two
images.

Using one of the two methods described above, it is
possible'to calculate the casting flow rate by means of
the equation (1). The casting diameter d is obtained
through measurement of the distance between the side
edges of the casting, in a direction transverse to axis
4a. By analysing one of the acguired images, the
casting diameter in the measurement region where the
speed has been calculated, is evaluated. By considering
a determined height h on the image as the reference x
axis, the difference is made between two co-ordinates
at which the side edges of the casting are located, and
this value is multiplied by the calibratién coefficient

k:
d =k(xp,—%pp) (5)

In this case too, the processing means 8 calculates the

position of the edges through evaluation of the grey

levels. On the contrary, density p is obtained through
measurement of the temperature, the chemical
composition of the casting being known, at the point
where the diameter is calculated, in a manner presently

known to a person skilled in the art.
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Each time a disturbance is generated, it is possible to
obtain measurement of the flow rate.

Howevef, for the  production process a continuous
control on the flow rate wvalue is important. On the
other hand, it is not possible to continuously perturb
the casting, since this would interfere with the
production process.

To avolid the éystenl being frequently perturbed, the
first step hitherto described is integrated with a
seéond step contemplating calculations alone.

Second Step of the Measurement Method

The second step contemplates return of the casting to
an undisturbed condition. In this case too the flow is
imagined to be isothermél, stationary and free falling
in a gravitational field.

The equation used for speed calculation is:

v=v,exp(cy) (6)

where:
y is the dimension along the advancing axis 4a of the
casting,

£ is the deformation gradient given by equation:
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The casting diameter corresponding to height y at which
the advancing speed of the casting is calculated is

given by equation:

d(y)=d, exp(~£-y/2) (7)

wherein:

dp is the diameter calculated with equation (5).

The function eXpressing the advancing speed of the
casting as a function of the spatial co-ordinate
calculated along the casting axis 4a is given by the

equation:

wY 0

v(y)=vp -exp(~— Jj—%lnil?dyj (8)

Equation (8) enables the course of the casting speed
along the advancing axis to be obtained, and therefore
the flow rate based on equation (1).

By introducing this éecond. step, the number of the
disturbance actions introduced into the casting is
reduced, since the first step is only used to carry out
periodic calibrations of the method.

Periodic measurements of the flow rate of the casting

of molten material allow a precise regulation and
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careful calibration of the mineral-wool production
procesé.

Based on the wvalues obtained by the previously
described methdéd, it is possible to act on given
parameters of the production system such as
transportation speed of the. material in the settling

chamber, stirring speed of the pendulum, or speed of

the conveyor belts.

The proposed method is ininvasive, since with a
limited number of perturbation actions on the casting,
carried out upstream of the interaction with +the
fibering device, the speéd pfofile and therefore thg
flow rate of the casting can be calculated.

In addition, from the experimental tests executed, the
proposed method appeared to be very precise and
efficient in measuring the flow rate of a casting of

molten material.
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CLAIMS

1. A method of determining the mass flow of a casting
of molten material in particular in a process for
producing rock wool, comprising the steps of:

— perturbing, through perturbation means (6), the

" casting (4) of molten material falling in a

gravitational field along an advancing axis (4a);

— acquiring, through video acquisition means (7); a
propagation of the perturbation (P) along the casting
(4) of free-falling molten material;

— calculating the propagation rate (vp) of the
perturbation along the casting (4) of molten material
through data processing means (8) co-operating with the
ﬁideo acquisition means (7);

— calculating the flow rate (éz) .0f the casting (4) of
molten material as a function of said propagation rate
(vp) .

2. A method as claimed in claim 1, comprising the step
of calculating a diameter (d) of the casting in a
direction transverse to the advancing axis (4a); said
flow rate (éz) being calculated also as a function of
the propagéﬁion rate (vp) of the perturbation and the

diameter (d) of the casting (4).

3. A method as claimed in one of the preceding claims,
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. wherein perturbation (P) of the casting of molten

material takes ©place through interaction of a
disturbance element in a transverse direction,
preferably orthogona;, to the advancing éxis (4a) of
the casting (4) of molten material.

4. - A method as claimed in one of the preceding claims,
comprising the step of processing, through data
processing means (8), the acquired images, to draw the
perturbation speed (vp) of the casting‘(4).

5. A method as claimed in one of the preceding claims,
wherein said data processing means (8) compares a
plurality of acquired subsequent images, to determine
thé deviation (h) of the perturbation (P). |
6. A method as claimed in one of the preceding claims,
wherein said data processing means (8) analyses the
grey levels of a plurality of acquired images.

7. A method as claimed in one of the preceding claims,
wherein said data processing means (8) compares the
grey levels of a given area of an acquired first image
with the grey 1levels of a plurality of areas of at
least one acquired subsequent image and determines the
deviation (h) of the perturbation (P) between said two
subsequent images, preferably in terms of pixels and
based on the best correspondence between the analysed

areas of two subsequent images, the time interval (At)
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elapsed between acquisition of each of said two images
being known. |

8. A method as claimed in claim 7, wherein said data
processing means (8) calculates the propagation rate
(vp) of the perturbation (P) by dividing the deviation
(h) of the perturbation (P) bet%een said two subsequent
images by the acquisition time interval elapsed between
said two images.

9. A method as claimed in one of claims 5 to 8, wherein
said data processing means (8) determines the deviation
(h) of the perturbation (P) by maximising a cross-
correlation function (r(h)) statistically obtained
through evaluation of the intensities of the grey
levels of the plurality of acquired images.

10. A method as claimed in one of claims 5 to 8,
wherein said data processing means (8) determines the
deviation (h)‘of the perturbation (P) by identifying
corresponding regions (Jmax,ir Jmax,i+1) OFf the casting (4)
between two subsequent images.

11. A method as claimed in claim 10, wherein said .
regions are identified at the maximum deflection of the
perturbation from the advancing axis (4a) of the
casting (4).

12. A method as claimed in anyone of the preceding

claims, comprising the step of dete:mining the course
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of the local speed (v) of the casting of molten
material in the absence of perturbation, as a function
of the spatial position (v) along the casting advancing
axis (4a) and as a function of the propégation raté of
the perturbation (Vp) already calculated by the data
processing means (8) by analysing the plurality of
acquired images.

13. An apparatus for evaluating the mass flow of a
casting of molten material, comprising:

—~ video acquisition means (7) capable of acquiring a
plurality of images of a given casting portion;

— perturbation means (6) capable of causing a
perturbation (P) in the casting (4) of molten material;
— data processing means (8) having an analysis unit
adapted to analyse the plurality of acquired imégesaand
a calculation unit adapted to calculate the propagation
rate of the perturbation (vp) along the casting of
molten material.

14. An apparatus as claimed in claim 13, wherein said
analysis unit is able to compare grey levels of a
plurality of acquired éubsequent image areas and
determine the best correspondence between the analysed
areas of two subsequent images.

15. An apparatus as claimed in claim 13 or 14, wherein

said calculation .unit co-operates with the analysis
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unit to measure the deviation (h) of the perturbation
(6) between two subsequent images having the bgst
correspondence between analysed areas, and to determine
the propagation rate of the perturbation (P), the time
interval (At) elapsed between acquisition of each of
said two images being known. |

16. An apparatus as claimed in one of claims 13 to 15,
wherein said perturbation means (6) comprises a
pneumatic device adapted to produce an air Jet
interfering with the casting (4) of molten material and
transversely directed, preferably at right angles, to

the advancing axis (4a) of the casting (4).



WO 2009/066331 PCT/IT2007/000817
1/3

FIG 1




PCT/IT2007/000817

WO 2009/066331
2/3
P h
y y :———— —_..___;_ ___,_} :
i !
l !
L‘_ ——————
4a . -
b(h)
(Jmax,j Jmax, i+
4
ff““ :F ;r———' . .
" l4a | vl | |
I ] ! |
! ! ! !
L __________jl 4 |

r
[
I
[
!
[
|
[
!
L




WO 2009/066331 PCT/IT2007/000817
3/3

FIG 6

)
| I { T I g
)
)
o
[a]
— ]S
o
-
5 g
= a2
B —_
= = .M
— O
o2 &
<~
— )
=
~~—
— (e ]
e
~—i
B [ ]
Lo
| ] ] ) ]
~—i [v@) o) O
= = =~ o o o2
S [aw] o
|



INTERNATIONAL SEARCH REPORT

International application No

A.
INV.

CLASSIFICATION OF SUBJECT MATTER

GO1F1/66 C03B37/05

PCT/1T2007/000817

According to Interhational Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED '

Minimum documentation searched (classification system foliowed by classification symbols)

GO1F - CO3B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

EPO-Internal, INSPEC, COMPENDEX, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

8 December 1992 (1992-12-08)

column 3, lines 9-19; claims 1,3,5; figure
2b ‘

column 6, lines 31-42

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2005 233679 A (ISHIKAWAJIMA HARIMA 1,2,
HEAVY IND) 2 September 2005 (2005-09-02) 4-10,
12-15
abstract
A JP 56 147013 A (KYOTO ELECTRONICS MFG) 1,13
14 November 1981 (1981-11-14)
abstract
A US 5 170 060 A (MAILLARD ALAIN [FR] ET AL) 1,13

D Further documents are listed in the continuation of Box C.

See patent family annex.

*A* document defining the general state of the an which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

*L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

* Special categories of cited documents :

*T* later document published after the international filing date

invention

or priority date and not in conflict with the application but
cited to understand the principle or theory undetlying the

*X* document of particular relevance; the claimed invention

cannot be considered novel or cannot be considered to

in the art.

involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled

*&" document member of the same patent family

Date of the actual completion of the internalional search Date of mailing of the intemationat search report
17 July 2008 29/07/2008
Name and mailing address of the 1SA/ Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, .
Fax: (+31-70) 340~3016 Creux, Sophie

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

international application No

PCT/1T2007/000817
Patent document Publication Patent family Publication .
cited in search report date member(s) date
JP 2005233679 A 02-09-2005  NONE
JP 56147013 A 14-11-1981  NONE
US 5170060 A 08-12-1992 AR 246610 Al 31-08-1994
AT 146587 T 15-01-1997
AU 650283 B2 16-06-1994
AU 8466391 A 09-04-1992
BR 9104281 A 09-06-1992
CA 2052530 Al 05-04-1992
- DE 69123685 D1 30-01-1997
EP. 0479676 Al 08-04-1992
FI 914658 A 05-04-1992
FR 2667689 Al 10-04-1992
JP 4248415 A ‘03-09-1992
NO 913865 A 06-04-1992
TR 28899 A 05-08-1997
ZA 9107603 A 24-06-1992

Form PCT/ISA/210 (patent tamily annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report

