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(67)  Arobotic apparatus for cleaning a train of rotat-
ing rollers (2) for processing metal products, comprises:
abrasive means (5) for removing dirt and/or surface ir-
regularities from the rotating rollers (2); first (4a) and sec-
ond (4b) means for advancement on the train of rotating
rollers (2), and a navigation device (15), provided with
absolute transducer means for detecting the position of
the apparatus (1) on the train of rotating rollers (2), and
with a processing and driving module that, depending on

Robotic apparatus for the surface treatment, in particular cleaning of rotating rollers

the position indicated by the absolute transducer means
and taking account of the rotation speed of the rotating
rollers (2), consequently drives the first and second ad-
vancement means (4) in a manner that is selective and
differentiated from one another to generate a desired
transverse and longitudinal advancement on the train of
rotating rollers (2), enabling the abrasive means (5) to
treat the entire surface of each rotating roller (2) under-
neath and/or possible further rollers placed above said
robotic apparatus (1).
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Description

[0001] The presentinvention relates to a robotic appa-
ratus and a method for surface treatment of rollers used
in processing metal products, in particular for cleaning
rollers in cramped environments or any way environ-
ments that are not reachable by humans, and/or in op-
erating conditions that are intolerable for humans, par-
ticularly in high-temperature environments such as fur-
naces for heat-treating metal products.

[0002] For processing products such as sheet metal
or metal plates plants are used such as rolling mills, fur-
naces for heat treatment, etc, provided with rollers in di-
rect contact with the surfaces of the aforesaid products.
Such rollers, after a certain number of operating cycles,
undergo surface wear caused by the repeated pressure
that the rollers receive from the products in particular
when the latter are of significant dimensions and thus
have significant weight. In particular, fragments, metal
particles or other foreign bodies adhere to the surface of
the rollers that jeopardize the degree of surface finish.
This surface deterioration in turn adversely affects the
quality of the product that is processed by the rollers. In
fact, the aforesaid fragments, foreign bodies, etc. coming
into contact with the sheet metal to be processed gener-
ate on the surfaces of the latter incisions or in general
irregularities that compromise the degree of surface fin-
ish of the final product. Itis thus necessary to periodically
clean the rollers to remove the surface roughness there-
from. Cleaning is performed manually by a portable de-
vice provided with an abrasive brush. Cleaning opera-
tions are often slow, awkward to perform, are not always
safe for the operator and can even be impossible to per-
form if the spaces available are insufficient to allow the
operator to access or reach a train of rollers of a rolling
mill, and/or the rollers of a furnace, owing to the high
temperature, unless the furnace is switched off to allow
the operator to access it. Nevertheless, in the latter case
the procedure of switching off a furnace, owing to the
enormous thermal inertia associated therewith, requires
a long time, even dozens of days to take the internal
temperature to a value that is tolerable for the operator.
Switching off, subsequently switching on again and heat-
ing of the furnace to operating temperature thus cause
lengthy production stops and consequent financial harm.
[0003] An object of the present invention is to provide
an apparatus that enables the aforesaid drawbacks to
be overcome, i.e. which enables cleaning and/or polish-
ing and/or smoothing and/or finishing rotating rollers for
cleaning metal products in any environment, in particular
in cramped environments that are not accessible to hu-
mans, and/or in environments with a high temperature
that is not bearable by persons, for example in a furnace
for processing metal products.

[0004] According to the invention a robotic apparatus
and a method for surface treatment of rollers for cleaning
metal products are provided as defined respectively in
claim 1 and in claim 14.
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[0005] Owingto theinvention the aforesaid drawbacks
are overcome.
[0006] Furtherfeatures and advantages will be clearer

from the appended claims and the description.

[0007] Theinvention can be better understood and im-
plemented with reference to the attached drawings that
illustrate an embodiment by way of non-limiting example,
in which:

Figure 1 is a perspective and schematic view of a
robotic apparatus for the surface treatment, in par-
ticular cleaning, of rollers according to the invention;
Figure 2 is a perspective view of the robotic appara-
tus according to the invention in which a portion of
external casing has been removed to make the in-
ternal parts of the robotic apparatus visible;
Figures 3, 4 and 5 are respectively top view, front
view and side view of the robotic apparatus without
external casing;

Figures 6 to 11 are further schematic views of the
operation of the robotic apparatus;

Figures 12 to 14 schematically show an embodiment
of the robotic apparatus that includes a navigation
device provided with absolute wire encoder trans-
ducers.

[0008] Withreference tothe attached Figures, arobotic
apparatus 1 for surface treatment of rotating rollers 2 is
shown, in particular of a train of rotating rollers 2 for clean-
ing metal products, in particular metal plates or sheet
metal. The rollers 2 to be processed, having longitudinal
axes X arranged parallel to one another, are spaced apart
from one another in such a manner as to define a train
of rollers 2 that rotate at a peripheral speed Vr, on which,
in normal operating conditions of a plant such as a rolling
mill or a furnace forthermal treatment, the metal products
to be processed advance.

[0009] The robotic apparatus 1 is particularly suitable
for removing dirt, metal fragments or other extraneous
bodies and surface irregularities from the rollers 2, in par-
ticular in a rolling mill that has a very narrow inlet section,
which is not accessible to humans, or in a furnace used
for thermal treatments of metal products, for example
annealing, hardening and tempering, tempering, normal-
izing, stress relieving, etc. As will be clear from the de-
scription that follows, the robotic apparatus 1 is able to
operate in environments that are not accessible to an
operator, for example because of lack of available space.
In one embodiment, the robotic apparatus 1 is able to
operate in environments at temperatures that are intol-
erable forhumans, for example in environments with tem-
peratures that can reach and exceed 500 °C, as occurs,
for example, in furnaces. The robotic apparatus 1 can
even operate for short periods even at a temperature of
about 800°C. For this reason, the materials of which the
apparatus 1 are made are very resistant to high temper-
atures.

[0010] Surface treatmentthatis performable by the ro-
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botic apparatus 1, in particular, comprises surface finish-
ing of the rollers that is performed whilst the rollers are
rotating, where the term "finishing" refers to any cleaning,
smoothing, polishing, grinding, silking, lapping and other
finishing operation achieved by abrasive elements, ex-
plained better below, such abrasive elements being
moved and maintained in contact with the surface to be
treated.

[0011] Theroboticapparatus 1 comprises a supporting
structure 3 adapted for supporting and/or containing var-
ious parts and/or components. The robotic apparatus 1
comprises first 4a and second 4b advancement means
that are drivable in a mutually independent manner. In
particular, a pair of tracked elements 4a, 4b for making
the robotic apparatus 1 advance, which are rotated by
respective "brushless" motors. The tracked elements 4a,
4b are arranged laterally and on mutually opposite sides
with respect to the supporting structure 3. Owing to the
tracked elements 4 that interact with an extended contact
surface, the robotic apparatus 1 is able to move easily
on a train of rollers 2 of a rolling mill or of a furnace for
thermal treatment of the workpieces, in particular also
whilst the rollers 3 are in operation, i.e. rotating. The
tracked elements 4 can be made of a material that resists
high temperatures, for example steel or another suitable
metal, thus enabling the robotic apparatus 1 to access
even the hottest zones of the furnace.

[0012] The robotic apparatus 1 comprises abrasive el-
ements 5 (shown in schematic shape) that are configured
for removing dirt, detritus, metal fragments, other foreign
bodies and surface irregularities from the rollers 2. The
abrasive elements 5 are able to provide a surface "finish",
in other words they are able to clean, polish, and grind
the rollers 2 according to particular needs. In particular,
the abrasive elements 5 are of rotating type and can com-
prise brushes, for example provided with blades or flex-
ible portions on which crystalline granules of abrasive
material are fixed, which material can be glass or emery.
Alternatively or in combination, the abrasive elements 5
can comprise abrasive discs, abrasive rollers, abrasive
wheels or other equivalent means.

[0013] The abrasive elements 5, in the embodiment
provided by way of non-limited example shown in the
attached Figures, comprise two abrasive brushes 5 that
are provided near a front zone of the apparatus 1 and
are placed at mutually opposite ends. The abrasive
brushes 5 are connected in an articulated and movable
manner with respect to the supporting structure 3 so as
to be able to adjust the position thereof and to be able to
regulate the position and the force pressing on therollers
2 according to need.

[0014] The robotic apparatus 1, in one embodiment, is
suppliable with electric energy supplied from an external
source and it is transmitted to the robotic apparatus 1 by
a suitable removable connecting cable. The abrasive el-
ements 5 can be driven by electricity or by compressed
air supplied from an external source of air by means of
a suitable air conduit that is connectable to the robotic
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apparatus 1 and are drivable independently of one an-
other.

[0015] The robotic apparatus, in another embodiment,
is self-supplied, i.e. it is provided with an incorporated
energy source 6, i.e. an energy source which is, on board,
in the robotic apparatus, and which enables the robotic
apparatus to move easily without the constraints of an
earth connection, so as to be able to reach also the zones
that are most difficult to access. In particular, the energy
source 6 comprises a pack of rechargeable batteries,
that can be recharged at a station 7 associated with the
apparatus 1, which is positionable in a stationary position
nearaworkzone in whichthe apparatus 1 has to operate.
[0016] The robotic apparatus 1, in one possible em-
bodiment, comprises a cooling and thermal insulating de-
vice 8. The cooling and thermal insulating device 8 is
configured for protecting the apparatus 1 from possible
overheating, thus enabling the apparatus 1 to operate
even in environments that would not be accessible and
tolerable to humans because of the high temperature.
[0017] The cooling and thermal insulating device 8
comprises a chamber 9 configured for containing a cool-
ing substance 10 that is suitable for removing thermal
energy from the apparatus 1. Thermal energy can be
removed with or without a transitional thermodynamic
step, depending on the configuration of the thermal and
cooling insulating device 8, of the cooling substance 10
and of the operating circumstances. The chamber 9 can
be obtained inside a container 21 which is removable to
enable the cooling substance 10 to be loaded and/or re-
placed.

[0018] In one embodiment, the cooling substance 10
comprises solid-state carbon dioxide, commonly known
as "dry ice", i.e. carbon dioxide cooled to a temperature
of about -78 °C or less. The dry ice is loaded into the
chamber 9 before cleaning operations of the rollers 2 in
the furnace. The dry ice, during operation of the appara-
tus 1, receives thermal energy removed from various
zones of the apparatus 1 and undergoes a state change,
in particular a process of sublimation from solid state to
gaseous state. When the dry ice is substantially finished,
i.e. is in gaseous state, it can be replaced with a further
quantity of dry ice.

[0019] The cooling and thermal insulating device 8 is
provided with forced circulation means 11 arranged for
moving cooling fluid inside a cooling circuit 12. The cool-
ing circuit 12 comprises conduits that extend to several
zones of the apparatus 1, in particular to the zones that
are more sensitive to heat, such as the electrical or elec-
tronic parts disclosed below. In one possible embodiment
of the apparatus 1, the cooling fluid 12 comprises air and
the forced circulation means comprises a fan element
11. Thefan element 11, in operation, moves the air inside
the cooling circuit 12 making the air interact with the "dry
ice" 10 to undergo cooling. The cooled air is made to flow
by the fan element 11 along the various conduits of the
cooling circuit 12 to reach various zones of the apparatus
1 from which it removes thermal energy, which is subse-
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quently surrendered to the dry ice 10. Instead of air, the
operating fluid may comprise an operating cooling liquid,
for example water or another liquid that is suitable and
compatible with the cooling substance 10. In this case,
the forced circulation means 11 comprises a pump that
makes the cooling liquid circulate along the conduits of
the cooling circuit 12, thus acting on the various zones
of the apparatus 1 to be cooled. The cooling substance
10, in possible alternative embodiments of the apparatus,
comprises liquid nitrogen, i.e. nitrogen at about -195°C,
or another substance that is suitable for remove thermal
energy from the apparatus 1 to protect the apparatus 1
from high temperatures.

[0020] The liquid nitrogen is loaded into the chamber
9 of the apparatus 1, and once the refrigerating capacity
has been exhausted it can be replaced with a further
quantity of liquid nitrogen.

[0021] The cooling and thermal insulating device 8 is
further provided with a temperature-control unit 13, which
cooperated with the forced circulation means 11 to con-
trol the temperature of the apparatus 1, maintaining the
temperature at suitable values.

[0022] The cooling and thermal insulating device 8 fur-
ther comprises coating panels that are applied to various
parts of the apparatus 1 for thermal insulation, in partic-
ular at least of the parts that are more sensitive to heat,
such as electric/electronic components.

[0023] In the apparatus 1 a control unit 14 is included,
powered from the exterior or from the incorporated en-
ergy source 6, and configured for controlling one or more
operating parameters such as: rotation speed of the abra-
sive elements 5, force of the abrasive elements 5 press-
ing on the rollers 2, advancement direction and speed of
the tracked elements 4, and other parameters or func-
tions of the apparatus 1.

[0024] The control unit 14, provided with a calculating
device, is provided with a navigation device 15, opera-
tionally connected to the tracked elements 4, that enables
the apparatus 1 to advance independently along a path
P that is desired and can be programmed.

[0025] The navigation device 15 comprises absolute
position transducers, such as absolute encoders, for de-
tecting the position of the robotic apparatus 1 with respect
to a stationary external reference zone and thus for de-
termining precisely the position of the robotic apparatus
1 on the train of rotating rollers 2. In particular, the abso-
lute encoders detect the position of the robotic apparatus
1 with respect to a stationary module 17 place on the
groundin afixed position, outside the robotic apparatus 1.
[0026] The navigation device 15includes a processing
and driving module that, depending on the position indi-
cated by the absolute transducer means and, taking ac-
count of the angular speed or of the peripheral speed Vr
of the rotating rollers 2, accordingly drives the first4a and
second 4b advancement means in a selective and mu-
tually differentiated manner to generate a desired ad-
vancement of the robotic apparatus 1 bothinatransverse
direction and in a longitudinal direction on the train of
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rotating rollers 2, so as to enable the abrasive elements
5to treat the entire cylindrical surface of each underlying
rotating roller 2 and/or possible further upper rollers 2a
placed above the robotic apparatus 1 (as shown in Figure
6).

[0027] In afirst embodiment, the navigation device 15
comprises a detection system that comprises two abso-
lute encoders 30a, 30b of the wire type, arranged in an
external fixed stationary position, then on the ground.
The two absolute encoders 30a, 30b are spaced apart
in such a manner as to be substantially aligned on the
two side zones of the train of rollers 2, as shown in Figures
12 to 14, and comprise respective wires 31 a and 31 b,
one end of which is connectable to the robotic apparatus
1. The wires 31 aand 31 b are connected, in aremovable
manner, to the same attachment zone 32 of the robotic
apparatus 1, defining in this manner a triangular config-
uration that comprises a fixed base and a summit oppo-
site the fixed base and connected to the robot. The tri-
angular configuration thus comprises a base that is kept
constant and stationary, and on two sides, defined re-
spectively by the wires 31 a and 31 b, that vary in length
and angular position according to the movement of the
robotic apparatus 1.

[0028] During operation, if the length of the two side of
the triangle is known that vary according to the position
of the robotic apparatus 1, as shown by way of example
in Figures 13 and 14, it is possible to calculate exactly
the position of the attachment zone 32, thus of the robotic
apparatus 1. The tilt or angular position of the robotic
apparatus 1 with respect to the train of rollers 2 is calcu-
lated owing to a software that estimates the tilt both ac-
cording to the values detected by the two absolute wire
encoders 30a, 30b and the values of the rotation speeds
of the first 4a and second 4b advancement means.
[0029] Inasecond embodiment, the navigation device
15 comprises a movable module 16, placed on the ap-
paratus 1, cooperating with the stationary module 17
placed on the ground in a fixed position, thus outside the
apparatus 1.

[0030] The stationary module comprises in particular
a transmission module 17 configured for emitting a laser
beam 18 along a variable direction in a controlled and
programmable manner. The transmission module 17 can
be incorporated into the station 7.

[0031] The movable module comprises a receiving
module 16 that is suitable for receiving the aforesaid laser
beam 18. In one embodiment, the receiving module 16
comprises an array of diodes covered by alayer of quartz
for protecting from high temperatures and arranged hor-
izontally alongside one another to intercept the aforesaid
laser beam 18. The navigation device 15 is configured
for detecting the zone of incidence of the laser beam 18
on the array of diodes, in such a manner as to control
accordingly the advancement of the apparatus 1.
[0032] During operation, the suitably programmed
transmission module 17 emits a laser beam 18 varying
in a controlled manner the direction thereof, as indicated
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by the arrow F in Figures 1 and 2. In particular, the laser
beam 18is movedin adirection parallel to the longitudinal
axes X of the rollers 2, in a manner alternating firstin one
direction and then in the other.

[0033] The navigation device 15, by detecting the var-
iation in the direction of the laser beam 18 hitting the
receiving module 16, adjusts the driving speed of each
of the tracked elements 4 in an appropriate manner, in
such a manner as to rotate the apparatus 1 and orientate
it relative to the rollers 2. The apparatus 1, once oriented
in the correct manner, advances in such a manner that
the receiving module 16 follows the movement of the
laser beam 18. This procedure is repeated at each var-
iation in beam direction.

[0034] During movement of the apparatus 1 in a direc-
tion parallel to the longitudinal axes X, the abrasive brush-
es 5 can polish a roller 2 by acting progressively from
one end to another of the latter. The navigation device
15 calibrates the advancing speed of the tracked ele-
ments 4 in such a manner that the apparatus 1, also
whilst the rollers 2 rotate, is in a stable position near the
respective roller 2 subjected to the polishing operation.
Once the roller 2 in question is polished the navigation
device 15 temporarily imposes a speed increase on the
tracked elements 4 in such a manner that the apparatus
1, by overcoming the dragging effect of the rotating rollers
2, advances along a direction A that is orthogonal to the
longitudinal axes X, so as to position itself at a subse-
quent roller 2 to be polished. In other words, the appa-
ratus 1 advances along a path P that comprises, alter-
nately, portions parallel to the longitudinal axes X and
portions that are orthogonal to the longitudinal axes X.
[0035] The operation of the robotic apparatus 1 is ex-
plained further below.

[0036] With reference to the schematic views in Fig-
ures 6 to 11, an operating method is disclosed for clean-
ing the rotating rollers 2 by the robotic apparatus 1 dis-
closed above. The description that follows applies both
to the laser navigation device 15 embodiment and to the
laser navigation device 15 embodiment with absolute
transducers of the wire type.

[0037] In order to start cleaning treatment, the robotic
apparatus 1 is first located on the train of rollers 2. In this
initial step, the first tracked element 4a and the second
tracked element 4b are driven by the control unit 14 and
by the navigation device 15 in such a manner as o rotate
both atthe same speed, such a speed having afirst value
V1 which is equal to the value of the peripheral speed Vr
of the rollers 2, but in an advancing direction opposite
the latter: by so doing, the robotic apparatus 1 is main-
tained in a stationary position with respect to the earth.
This step is schematised in Figures 6 and 7. In particular,
the vectors shown in the left part of Figure 7 refer respec-
tively to the speed of the rotating rollers 2 (the lower vec-
tor) of the first tracked element 4a and of the second
tracked element 4b (the higher vector).

[0038] In a second step, shown in Figure 8, the speed
of the first tracked element 4a and of the second tracked
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element4bis varied respectively to a second speed value
V2 and to a third speed value V3 to cause a first rotation
of the robotic apparatus 1 around a vertical axis. In par-
ticular the first tracked element 4a is driven for a suitable
period of time at a speed V2 that is greater in value than
the speed Vr of the rollers, in order to determine the ro-
tation of the apparatus 1 by a set angular amount in func-
tion of the geometry, dimensions of the apparatus 1 and
of the rollers 2, which are considered by the control unit
14 and by the navigation device 15. When the desired
angular position of the apparatus 1 in relation to the train
of rotating rollers 2 is reached, the first tracked element
4a and second tracked element 4b are both driven at the
same speed V4, as shown by the vectors shown in the
left part of Figure 9. The speed V4 is such as to have a
first speed component Vp, parallel to the conveying di-
rection Dc, which is equal in value, but in an opposite
direction, to the peripheral speed Vr, and a second speed
component Vo orthogonal to the conveying direction Dc,
so as to determine a transverse movement of the robotic
apparatus 1 along the respective roller 2 from a first end
to asecond end of the latter. During this step, the abrasive
elements 5 are rotated and are in contact with the re-
spective roller 2 so as to remove dirt and/or surface ir-
regularities therefrom along the entire cylindrical surface
thereof.

[0039] Inthe meantime, the continuous variation of the
absolute position of the robotic apparatus 1 is detected
and controlled by the navigation device 15 and the control
unit 14, which by means of the processing and driving
module, act on the tracked elements 4a and 4b to com-
pensate for possible variations in speed of the rotating
rollers 2. Reaching the second end of the roller 2 sub-
jected to cleaning is signalled by the absolute transducer
means of the navigation device 15. When this end is
reached, the speed of the first 4a and second 4b tracked
element is again selectively varied to angularly reposition
the robotic apparatus 1 in a longitudinally aligned man-
ner, i.e. parallel to the conveying direction Dc. In order
to do this, the speed of the second tracked element 4b
is increased for a set interval of time, as the vectors on
the right in Figure 9 show. Subsequently, the speed of
the first 4a and second 4b tracked element is further var-
ied and set at the same speed, having a fifth value V5
that is greater than the peripheral speed Vr. In this man-
ner, a longitudinal movement of the robotic apparatus 1
is achieved that is parallel to, but opposite, the conveying
direction Dc so as to advance to a subsequent roller 2 to
be cleaned, as shown in Figure 10.

[0040] At this point, the speeds of the first 4a and of
the second 4b tracked element are respectively taken to
the third value V3 and to the second value V2 (already
mentioned with reference to the step in Figure 8 in which,
however, they are applied in the opposite direction to the
two tracked elements 4a and 4b). A second rotation of
said robotic apparatus 1 around the vertical axis is thus
determined that is similar to the first rotation of Figure 8,
but in an opposite direction, as shown in Figure 11, and,
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at this point, the first 4a and second 4b tracked elements
are both driven at the same speed V4 (similarly to what
has been seen for the step shown in Figure 9). The abra-
sive elements 5 thus intervene again to remove dirt
and/or surface irregularities also from this further roller 2.
[0041] The aforesaid steps are repeated cyclically until
the surface treatment of the entire train of rotating rollers
2 or possibly of only a desired number of rotating rollers
2 is completed.

[0042] In the above description reference has been
made to a possible operating method in which the robotic
apparatus 1 is made to advance progressively in an op-
posite direction to the conveying direction Dc of the ro-
tatingrollers 2. Nevertheless, itis also possible to operate
the robotic apparatus 1 in the opposite manner, i.e. in
such a manner that the robotic apparatus 1 travels pro-
gressively along the train of rollers 2., moving concordant
with the conveying direction Dc, thus suitably reducing
each time the rotation speed of the first 4a and second
4b tracked element to move from one roller to the next
adjacent roller. It is further possible to set the robotic ap-
paratus 1 in such a manner as to perform a desired
number of cleaning "passes”, with the abrasive elements
5, on each roller 2.

[0043] The apparatus 1, in one embodiment, is also
provided with a manual remote control system compris-
ing an incorporated receiving module and a portable con-
trol device 19, for example of the type provided with a
"touchscreen", that is drivable by an operator 20 for the
remote control of the advancement and operations of the
apparatus 1.

[0044] The robotic apparatus 1 further comprises atel-
ediagnosis device for the remote transmission of oper-
ating parameters and/or operating conditions of the ap-
paratus 1. In particular, the telediagnosis device commu-
nicates remotely the operating conditions of the cooling
device 8, and signals if the cooling substance 10 has
finished or signals an excessive ambient temperature
that could damage the apparatus 1.

[0045] Sensors can be provided for detecting local pa-
rameters at the work zone in which the apparatus 1 op-
erates, for example for the local temperature value, and
cameras for inspecting remotely the surfaces of the roll-
ers 2 treated and/or to be treated.

[0046] Theroboticapparatus 1 disclosed aboveis able
to operate in zones that are not reachable by an operator,
owing to reduced dimensions, as occurs in rolling mills.
Further, in the embodiment provided with a cooling and
thermal insulating device 8, the robotic apparatus 1 is
also able to operate in environments that are not acces-
sible to an operator owing to the temperatures that are
intolerable for humans, for example, as already men-
tioned above, in environments with temperatures thatcan
be comprised between about 350°C and about 500 °C.
When the rollers 2 to be cleaned are located in zones
with temperatures even higher than the range indicated
above, the robotic apparatus 1 can already operate when
the temperature, following the preliminary switching off
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of the furnace, is decreased to a value falling within the
aforesaid value, without necessarily waiting for this tem-
perature to fall further, as is, on the other hand, necessary
with prior art-cleaning systems. The robotic apparatus 1
thus enables cleaning time to be significantly shortened,
the production cycle to be restored more quickly, thus
also saving several days, and this enables operators 20
to be spared unpleasant and dangerous cleaning oper-
ations.

[0047] Itis possible to configure and dimension the ap-
paratus 1 in a desired manner in function of the multiple
applications to which the apparatus 1 can be intended
and versions and/or additions to what has been disclosed
above and illustrated in the attached drawings are pos-
sible.

Claims

1. Robotic apparatus for the surface treatment, in par-
ticular cleaning, of a train of rotating rollers (2) for
processing metal products, comprising:

- abrasive means (5) for removing dirt and/or
surface irregularities from said rotating rollers
(2);

- first (4a) and second (4b) advancement means
for advancement on said train of rotating rollers
(2), and

- a navigation device (15), included in a control
unit (14), comprising absolute transducer
means for detecting the position of said robotic
apparatus (1) with respect to a stationary exter-
nal reference (17), and thus the position on said
train of rotatingrollers (2), said navigation device
(15) including a processing and driving module
that, in function of said position signalled by said
absolute transducer means and taking account
of the rotation speed of the rotating rollers (2),
consequently drives said first (4a) and second
(4b) advancement means in a manner that is
selective and differentiated from one another to
generate a desired advancement of said robotic
apparatus (1) both in a transverse direction and
in a longitudinal direction on said train of rotating
rollers (2), so as to enable said abrasive means
(5) to treat the entire cylindrical surface of each
said rotating rollers (2) below and/or possible
further rollers placed above said robotic appa-
ratus (1).

2. Roboticapparatus accordingto claim 1, wherein said
absolute transducer means comprises two absolute
encoders (30a, 30b) of the wire type, placed on the
ground in a stationary position, that are spaced apart
from one another and provided with respective wires
(31 a and 31 b), an end of which is connectable to
the same attachment zone (32) of said robotic ap-
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paratus (1), according to a triangular configuration,
said navigation device (15) being configured for de-
termining the position of said robotic apparatus (1)
in function of the lengths of the wires (31 a and 31
b), and being further provided with a software that
depending on the values detected by the two abso-
lute wire encoders (30a, 30b), and on the values of
the rotation speed of said first (4a) and second (4b)
advancement means, is able to estimate the angular
orientation of said robotic apparatus (1) with respect
to said train of rotating rollers (2).

Robotic apparatus according to claim 1 or 2, wherein
said first (4a) and said second (4b) advancement
means is arranged on mutually opposite parts, and
said control unit (14) includes a calculating device
and is configured for driving independently said first
(4a) and said second (4b) advancement means to
obtain an advancement movement of said robotic
apparatus (1) both orthogonally and parallel to lon-
gitudinal axes (X) of said rotating rollers (2), said
control unit (14) being configured for driving, in re-
sponse to a position signal supplied by said absolute
transducer means, said first (4a) and said second
(4b) advancement means at different speeds to ro-
tate said apparatus (1) and orient itin a desired man-
ner with respect to said rotating rollers (2) so as to
permit the advancement thereof with a movement
component parallel and/or transverse to said longi-
tudinal axes (X).

Robotic apparatus according to claim 3 as appended
to claim 1, wherein said navigation device (15) com-
prises a stationary module provided with a transmis-
sion module (17) configured for emitting a laser
beam (18) along a variable direction in a controlled
and programmable manner, said navigation device
(15) further comprising, on board said robotic appa-
ratus (1), amovable module thatincludes areceiving
module (16) that is suitable for receiving said laser
beam (18), said navigation device (15) being config-
ured for following the movement of said laser beam
(18) to enable said apparatus (1) to move on said
rotating rollers (2) along a programmable desired
path (P).

Robotic apparatus according to claim 4, wherein said
receiving module (16) comprises an array of diodes
covered by a layer of quartz for protecting from high
temperatures and arranged horizontally alongside
one another to intercept said laser beam (18), said
navigation device (15) being configured for detecting
the incidence zone of said laser beam (18) on said
array in such a manner as to control the incidence
movement of said robotic apparatus (1).

Robotic apparatus according to any preceding claim,
further comprising:
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- an energy source (6) provided on board said
apparatus (1) to power said advancement
means (4) and said abrasive means (5), said
energy source including rechargeable supply
battery means (6), a remote station (7) being
provided with arranged for recharging said en-
ergy source (6),

- acooling and thermalinsulating device (8) con-
figured for protecting the entire apparatus (1)
from possible overheating and to enable said
apparatus (1) to operate in high-temperature en-
vironments that are not accessible to humans,
said cooling and thermal insulating device (8)
comprising

- achamber (9) configured for containing a cool-
ing substance (10) that is suitable for removing
thermal energy from said apparatus (1) so as to
enable the apparatus to operate in high-temper-
ature environments such as furnaces for treating
metal products, said chamber (9) being obtained
in a container (21) which is removable to enable
said cooling substance (10) to be loaded and/or
replaced,

- acooling circuit (12) distributed along the entire
apparatus (1) and suitable for having a cooling
fluid flow through it that is arranged for interact-
ing with said cooling substance (10), said cool-
ing circuit comprising conduits (12) that extend
to several zones of the apparatus (1), in partic-
ular in the zones that are more sensitive to heat,
such as electric parts or electronic parts, and

- forced circulation means (11) arranged for
moving said cooling fluid inside said conduits
(12) to reach the various zones of the apparatus
(1) from which to remove the thermal energy to
be transferred to said cooling substance (10);
- thermal panels for thermal insulation of at least
parts of said apparatus (1) that are more sensi-
tive to heat.

Robotic apparatus according to claim 6, wherein said
cooling and thermal insulating device (8) comprises
temperature-control means (13), cooperating with
said forced circulation means (11) for controlling the
temperature of said apparatus (1), and wherein said
cooling substance (10) is chosen from a group com-
prising:

- solid-state carbon dioxide, intended, during op-
eration, to change from solid state to gaseous
state by sublimation during interaction with said
cooling fluid;

- liquid nitrogen intended, in operation, to
change from liquid to gaseous state during in-
teraction with said cooling fluid.

8. Apparatus according to claim 6 or 7, wherein said

cooling fluid comprises air, and said forced circula-
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tion means comprises fan means (11) to make the
air interact with said cooling substance (10) and to
make the air circulate in said apparatus (1).

Robotic apparatus according to claim 6 or 7, wherein
said cooling fluid comprises a cooling liquid, and said
forced circulation means comprises pump means
(11) for moving said cooling liquid and making said
cooling liquid interact with said cooling substance
(10).

Robotic apparatus according to any preceding claim,
wherein said abrasive means comprises a plurality
of abrasive elements (5) distributed on one or more
sides of said apparatus (1) that are suitable for acting
on zones below and/or above said robotic apparatus
(1), said abrasive elements (5) being connected in
an articulated manner to enable the position of the
abrasive elements (5) to be adjusted with respect to
said rollers (2) and the force pressing on said rollers
(2) by said abrasive elements (5) to be adjusted,
wherein said abrasive means (5) is of the rotating
type and is chosen from a group comprising: abra-
sive brushes, abrasive discs, abrasive rollers, abra-
sive wheels, that are able to perform surface finishing
operations.

Robotic apparatus according to any preceding claim
wherein said control unit (14) is configured for con-
trolling one or more operating parameters including:
rotation speed of said abrasive means (5), pressing
force by said abrasive means (5) on said rotating
rollers (2), direction and advancement speed of said
first (4a) and second (4b) advancement means.

Robotic apparatus according to any preceding claim,
further comprising a telediagnosis device for remote
transmission of operating parameters and/or condi-
tions of said apparatus (1), sensors for detecting lo-
cal parameters at a work zone in which said appa-
ratus (1) operates and cameras for the remote in-
spection of the surfaces of said rollers (2), and further
comprising an integrated receiving module associ-
ated with a remote control (19) that is usable by an
operator (20) for navigation and remote control of
said apparatus (1).

Robotic apparatus according to any preceding claim,
wherein said advancement means comprises first
(4a) and second (4b) tracked means (4, 4a, 4b).

Method for the surface treatment, in particular clean-
ing, of a train of rotating rollers (2) by a robotic ap-
paratus (1) according to any preceding claim, where-
in said rotating rollers (2) rotate at a peripheral speed
(Vr) and are suitable for processing metal products
and conveying metal products along a conveying di-
rection (Dc), said method comprising the steps of:
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a) placing said robotic apparatus (1) on said train
of rotating rollers (2) and driving said first (4a)
and second (4b) advancement means at the
same speed having a first value (V1) equal to
the value of said peripheral speed (Vr) but a di-
rection opposite the latter, so as to maintain said
robotic apparatus (1) in a stationary position with
respect to a fixed external reference,

b) selectively varying the speed of said first (4a)
and said second (4b) advancement means re-
spectively at a second speed value (V2) and at
a third speed value (V3) that are different from
one another to cause a first rotation of said ro-
botic apparatus (1) around a vertical axis,

c) setting the speed of said first (4a) and said
second (4b) advancement means at a same
fourth speed value (V4) such as to have a first
speed component (Vp), parallel to said convey-
ing direction (Dc), which is equal to said periph-
eral speed (Vr), and a second speed component
(Vo) orthogonally to said conveying direction
(Dc), so as to determine transverse movement
of said robotic apparatus (1) along the respec-
tive roller (2) from a first end to a second end of
the latter,

d) arranging, during said transverse movement,
said abrasive means (5) in rotation and in con-
tact with the respective roller (2) to remove dirt
and/or surface irregularities along the entire cy-
lindrical surface thereof,

e) progressively detecting the absolute position
of said robotic apparatus (1), and

f) upon reaching said second end - signalled by
said absolute-transducer-means included in
said navigation device (15) - selectively varying
the speed of said first (4a) and said second (4b)
advancement means for angularly repositioning
said robotic apparatus (1) in such a manner as
to be longitudinally parallel to said conveying di-
rection (Dc),

g) further varying the speed of said first (4a) and
said second (4b) advancement means at the
same speed, having a fifth value (V5) that is dif-
ferent from the value of said peripheral speed
(Vr) to determine a longitudinal movement, par-
allel to said conveying direction (Dc), of said ro-
botic apparatus (1) until said abrasive means (5)
is transferred by said first roller to an adjacent
second roller,

h) selectively varying the speed of said first (4a)
and said second (4b) advancement means re-
spectively to said third value (V3) and to said
second value (V2) to cause a second rotation,
opposite said first rotation, of said robotic appa-
ratus (1) around said vertical axis, and repeating
from said step c) onwards, such as to complete
the surface treatment of a desired number of
rotating rollers (2) or of the entire train of rotating
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rollers (2).

Method according to claim 14, wherein selectively
controlling the speed of said first (4a) and second
(4b) advancement means is provided to automati-
cally compensate for possible variations in the rota-
tion speed of said rotating rollers (2).

Computer program, comprising software code por-
tions for performing the method according to claim
14 or 15 when said program s run on said calculating
device included in said control unit (14).

10

15

20

25

30

35

40

45

50

55

16



EP 2 570 200 A2

10



EP 2 570 200 A2

1"



EP 2 570 200 A2

¢ ‘614

el Gl

oooooowoooooooo

o w I M

b 8
\ pl z

12



EP 2 570 200 A2

19 '\g
[E(iiilmi'l
6
20

19

20

13



EP 2 570 200 A2

14



EP 2 570 200 A2

[
It
B
IH
£
|
[
|
|
|
!
|
{

] |

I
\

\

\

\

|

!

\

|

\

\

|
L

||||||||||||||||| |_

s ———

Tl ~—

||||||||||||||||| O

lllllllllllllllll 1.2

||||||||||||||||| Jir
||||||||||||||||| -
||||||||||||||||| -
[ —TTT
||||||||||| 1
|||||||||| B
S A B
||||||||||||||||| =
\\\\\\\\\\\\\\\\\\\ |
||||||||||||||||| 1
] A

V4

V4~

15



EP 2 570 200 A2

= ~
© = « =
= ) ) )
e~ P S = V=
A oo
C
o/
o
<O
(44} ~— o]
™ ™ © =
= ™
™ -
[ 2 \ I
T - i \ 1 =2
~ . ! D2 3\ ’T ] L
1 N 3
i | R — -
i i g N
: pi—— I 1
i — N —
L N T—
: S ]
1 ft— ==
] 3
; !
T
1
N
1
i,
L
i
f
[

16



	bibliography
	description
	claims
	drawings

