1 APPARATUS AND METHOD FOR BLENDING ADDED MATERIAL WITH BASE MATERIAL ON A
MANUFACTURED COMPONENT TECHNICAL FIELD [0001]The present disclosure relates to the field of
automated manufacturing. More specifically, the present disclosure relates to an apparatus and method
for blending added material with base material on a Manufactured component. BACKGROUND
[0002]Blending is an automated manufacturing process used in the refurbishing of a manufactured
component. The manufactured component is made of a base material. Because of wear, part of the base
material is lacking and the actual profile of the manufactured component is different from its nominal

profile. Refurbishin u w irﬁﬁ% [ E._tgl | of old material,

before consists ad(%%é\rI.Ee?\'/Avrﬁrgagté&r?iiz];ﬁS e.g. via WE%ﬁg%@peﬁéate %ﬁ}%ﬁ% r%g?i\{g%ﬁhe manufactured
component. In general, toBARRNAdEMhALQb /5 MAdRHABLYREE LENFAINFRD component needs to be
further processed, to eliminate the added new material in excess, for blending the added new material

with the base material. [0003]Blades are an FrR@APNECAHLNFaRLACtUred components which may need to be
refurbished, via an addition of new material (e.g. via welding), followed by a blending process. Blades are

used mostly in tiﬂy@ﬂ_applicatiqrp%aﬁri&g}ﬁ a&_&%@%& ingygtey @qﬁge@grw indusingend are critical

components for these industries. Thus, very strict requirements (e.g. dimensions, shape) are applied to
the profile of a blABUIRRUHR BxMPRe PrREsHEEYYof Hif eRiBSENhS SRIBRUTEINISRRopRrafidns, performed

by dedicated finigppgdrelarienstallyfoeerssdng tadqdgaimidrerfinalproblsefritadvadenia accordance

with the strict recI{Hire ents. Such finishipg operations include the
anutractured component.

BACKGROUND

[0002] Blending is an automated manufacturing process used in the
refurbishing of a manufactured component. The manufactured component is
made of a base material. Because of wear, part of the base material is lacking
and the actual profile of the manufactured component is different from its
nominal profile. Refurbishing of the manufactured component may require
sometimes the removal of old material, before consists adding new material
(e.g. via welding), to recreate the nominal profile of the manufactured
component. In general, too much new material is added. Thus, the
manufactured component needs to be further processed, to eliminate the
added new material in excess, for blending the added new material with the
base material.

[0003] Blades are an example of manufactured components which
may need to be refurbished, via an addition of new material (e.g. via welding),
followed by a blending process. Blades are used mostly in turbine applications
as in the aeronautic industry and the energy industry, and are critical
components for these industries. Thus, very strict requirements (e.g.
dimensions, shape) are applied to the profile of a blade, like for example the
shape of an edge of the blade. Finishing operations, performed by dedicated
finishing tools, are usually necessary to obtain the final profile of the blade, in
accordance with the strict requirements. Such finishing operations include the



2 blending of added material with base material on the blade. [0004]A finishing tool used for the blending
process comprises an abrasive device (e.g. a sand belt) with an abrasive surface, for removing added
material in excess from the manufactured component. The finishing tool may be operated by a human, or
may be automatically controlled. However, in both ca3es, the precision of the blending process may not
be sufficient to comply with nominal specifications of the finished manufactured component (e.g. the final
profile of the component after performing the blending operation is not compliant with the nominal
specifications). For example, too much material may have been removed by the abrasive device from a

portion of the m&RMLGXPEIRDOIRFHILALR Rrskmatrtd B8dRe&!REGed during the blending process),

and / or not eno terial m ave.been remaved by the abrasive device from another portion of the
anufactored oo ent (adddh NI e TR o T S bR & ding procese).
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the abrasive devjcaO0RITREIEINBrINRRS iR-ANGER 08 RBARBREAIUT RE%ARAN Ashianklending added

material with base material on a manufactured component, which overcomes the aforementioned
limitations. SUMRBAIRRIDD MR BITIRG & AP spienatsahesent elistodarenroviddotn apparatus for
blending added msigsjaheiirdmsiermsttetialonaingaptieedsrathgaroposesifitiepiapasaiply comprises an
abrasive device hﬁb”trﬁ% an a]brasNﬁcs?rfagedff%rer(?lrrr]llghnen exce %P&e%‘.j(?&% n&%te%rtl | ar_lqﬁ‘ce)r blending the
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positioning mechanism for controlling position and angle of the abrasive surface and the
may have been removed by the abrasive device from a portion of the

manufactured component (base material has been removed during the
blending process), and / or not enough material may have been removed by
the abrasive device from another portion of the manufactured component
(added material in excess has not been removed during the blending process).
Thus, the lack of precision in the blending process is generally due to a lack of
precision in the control of the abrasive device.

[0005] Therefore, there is a need for an apparatus and a method for
blending added material with base material on a manufactured component,

which overcomes the aforementioned limitations.
SUMMARY

[0006] According to a first aspect, the present disclosure provides an
apparatus for blending added material with base material on a manufactured
component. The apparatus comprises an abrasive device having an abrasive
surface, for removing exceeding added material and for blending the added
material with the base material. The abrasive surface performs in operation an
abrasive motion. The apparatus further comprises a guide fixed to the abrasive
device. The guide provides a plurality of contact points exceeding at least a
portion of the abrasive surface. The apparatus also comprises a positioning

mechanism for controlling position and angle of the abrasive surface and the



3 guide with respect to the manufactured component. The positioning mechanism guides in operation the
abrasive surface along an abrasion direction, while using at least one of the plurality of contact points of
the guide as a reference when in contact with the manufactured component. [0007]According to a second
aspect, the present disclosure provides a method for blending added material with base material on a
manufactured component. The method comprises determining a trajectory of an abrasive surface of an
abrasive device with respect to the manufactured component. The method also comprises determining
which of a plurality of contact points of a guide is to be kept in contact with the manufactured component

along the trajectSHI98 h& e thBRPRAthE? cdMfpriBa8uaRIutReY tFeRasRe dERceP2HiPHRIMethod
comprises controféuhaositionatesany @ed it abtasivepsasfasesorfibe rarmgfasturabrasisyponent along
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apparatus keep @iseadeferatineavbentactpuaat ivitiviitaco avitHatianechaafeenesd. component aft of the

trajectory. [0009]According to an aspect, a section of a perimeter of the guide exceeding the abrasive
surface has onel8PHd followingSQFERY dfiBREACP rBBRARL I8 M RIFVIHIBEP EWEIR 988D According to
an aspect, the alrasivieotddioblés oipROstiede haraipsinh biestinatdflldi ceosdurgduin aspect, the
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component. The method comprises determining a trajectory of an abrasive

surface of an abrasive device with respect to the manufactured component.

The method also comprises determining which of a plurality of contact points of

a guide is to be kept in contact with the manufactured component along the

trajectory. The method further comprises actuating the abrasive device. And

the method comprises controlling position and angle of the abrasive surface on

the manufactured component along the trajectory, while using at least one of

the plurality of contact points of the guide as a reference when in contact with

the manufactured component.

[0008] According to an aspect, the present method and apparatus
keep the determined contact point in contact with the manufactured component
aft of the trajectory.

[0009] According to an aspect, a section of a perimeter of the guide
exceeding the abrasive surface has one of the following shapes: elliptical,

parabolic or any curvilinear shape.

[0010] According to an aspect, the abrasive motion is opposite to the

abrasion direction.

[0011] According to an aspect, the manufactured component is
moved with respect to the abrasive device in the abrasion direction.

[0012] According to an aspect, a force is applied to the abrasive
device when the device is in contact with the manufactured component, to
allow the abrasive surface to remove the exceeding added material. The force

is transferred from the abrasive device to the guide when the abrasive surface



moved with respect to the abrasive device in the abrasion direction. [0012]According to an aspect, a force
is applied to the abrasive device when the device is in contact with the manufactured component, to allow
the abrasive surface to remove the exceeding added material. The force is transferred from the abrasive
device to the guide when the abrasive surface 4 is atta required position with respect to the base
material, to prevent the abrasive surface from removing the base material. [0013]JAccording to an aspect,
the force applied to the abrasive device is measured and controlled in closed loop to respect a

predetermined value. [0014]According to an aspect, operational parameters are taken into
is at a required position with respect to the base material, to prevent the

abrasive surface from removing the base material.

[0013] According to an aspect, the force applied to the abrasive
device is measured and controlled in closed loop to respect a predetermined

value.

[0014] According to an aspect, operational parameters are taken into
consideration for controlling the position and angle of the abrasive surface, the
operational parameters including a wear of the abrasive surface, and specific

characteristics of the manufactured component.

[0015] According to an aspect, the trajectory of the abrasive surface
with respect to the manufactured component is calculated by processing a 3D
model of the manufactured component and an actual position of the
manufactured component with respect to the abrasive device, the 3D model
comprising a representation of the added material and the base material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Embodiments of the disclosure will be described by way of

example only with reference to the accompanying drawings, in which:

[0017] Figure 1 illustrates a front view of a manufactured component
with base material and added material, according to a non-restrictive illustrative

embodiment;

[0018] Figures 2A-C illustrate a sectional view of a manufactured
component subjected to a refurbishing operation, according to non-restrictive

illustrative embodiments;

[0019] Figure 3 illustrates a method for blending added material with
base material on a manufactured component, according to a non-restrictive

illustrative embodiment;

[0020] Figures 4A-C illustrate an abrasive device with an abrasive

surface and a guide for blending added material with base material on a



consideration for controlling the position and angle of the abrasive surface, the operational parameters
including a wear of the abrasive surface, and specific characteristics of the manufactured component.
[0015]According to an aspect, the trajectory of the abrasive surface with respect to the manufactured
component is calculated by processing a 3D model oPthe manufactured component and an actual
position of the manufactured component with respect to the abrasive device, the 3D model comprising a
representation of the added material and the base material. BRIEF DESCRIPTION OF THE DRAWINGS
[0016]Embodiments of the disclosure will be described by way of e aHrinEIe only with reference to the
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accompanying dFRIHBSUTMFREIPJORN7RERIPLNG R FshoteesT vl Uksiative AraRRAS&0red component
with base materi added ial, accordi nan-restrictive jlustratjv odiment;
[0018]Figures Zﬂﬁistrate a@@?ﬁaﬁgﬁﬂg% %"}r%:%ﬁg&ﬁﬁ&%&g%ﬁ%&?@?&ﬁ O_%j. refurbishing
operation, accorfARPRIein-réétriativesRisPEdfle eafsetif@nts; PONIFRRINStYSIIUbusREYE method for
blending added sratedahth

[0022] Figures 6A-D illustrate a blending operation of a manufactured

component with a convex profile, according to a non-restrictive illustrative

embodiment;

[0023] Figures 7A-B illustrate two iterations of a blending operation,

according to a non-restrictive illustrative embodiment;

[0024] Figures 8A-D illustrate a blending operation of a manufactured
component with a concave profile, according to a non-restrictive illustrative

embodiment; and

[0025] Figure 9 illustrates a system for blending added material with
base material on a manufactured component, according to a non-restrictive

illustrative embodiment.
DETAILED DESCRIPTION

[0026] The foregoing and other features will become more apparent
upon reading of the following non-restrictive description of illustrative
embodiments thereof, given by way of example only with reference to the
accompanying drawings. Like numerals represent like features on the various

drawings.

[0027] The present disclosure relates to an apparatus and method for
blending added material with base material of a manufactured component.

TERMINOLOGY

[0028] The following terminology is used throughout the present

disclosure.



base material on a manufactured component, according to a non-restrictive illustrative embodiment; 5
manufactured component, according to a non-restrictive illustrative embodiment; [0021]Figures 5A-D
illustrate a blending operation of a manufactured component with a linear profile, according to a
non-restrictive illustrative embodiment; [0022]Figures®6A-D illustrate a blending operation of a
manufactured component with a convex profile, according to a non-restrictive illustrative embodiment;
[0023]Figures 7A-B illustrate two iterations of a blending operation, according to a non-restrictive

illustrative embodiment; [0024]Figures 8A-D illustrate a blending operation of a manufactured
[0029] Base material: material present on a manufactured component

before addition of material for repair purpose.

[0030] Added material: material added on the manufactured

component to compensate a lack of base material.

[0031] Added material in excess / exceeding added material: portion
of the added material which shall be removed from the manufactured
component, to make the manufactured component compliant with a nominal

profile.

[0032] Nominal profile: profile of the manufactured component when
compliant with the corresponding specifications.

[0033] Actual / final profile: physical profile of the manufactured

component at different stages of manufacturing process.

BLENDING OF ADDED MATERIAL WITH BASE MATERIAL

[0034] Figure 1 illustrates a front view of a manufactured component
10 which has been refurbished, by removing some of the old material before
adding material to restore its edges. The component 10 comprises base
material 12 present before the refurbishing process. The component 10 also
comprises added material 14, added to the edges during the refurbishing
process. In general, too much added material 14 is added. Thus, the added
material 14 is blended with the base material 12, by removing the added
material 14 in excess. At the end of the blending operation, the profile of the
manufactured component 10 is compliant with its nominal profile, within set
tolerances. The degree of compliance and time required to perform the
blending is dependant on the precision of the blending operation.

[0035] Referring now to Figures 2A, 2B and 2C concurrently, a
sectional view of simplified exemplary manufactured component 20 subjected
to a refurbishing operation are represented. Figure 2A represents a first profile

of the manufactured component 20, comprising base material 30. In the first



component with a concave profile, according to a non-restrictive illustrative embodiment; and
[0025]Figure 9 illustrates a system for blending added material with base material on a manufactured
component, according to a non-restrictive illustrative embodiment. DETAILED DESCRIPTION [0026]The
foregoing and other features will become more apparént upon reading of the following non-restrictive
description of illustrative embodiments thereof, given by way of example only with reference to the
accompanying drawings. Like numerals represent like features on the various drawings. [0027]The
present disclosure relates to an apparatus and method for blending added material with base material of

a manufactured emlﬁcﬁ@m_emmm@ﬁwa@rial 35 is lacking with respect to a nominal

profile 50 of the manufactured component 20. Thus, some material is added to
the first profile, to make it compliant with the nominal profile 50. Depending on
the type of manufactured component, damage to be repaired, etc., the base
material 30 may further be modified before adding material, so as to ensure
that the added material has enough thickness and/or adherence to the base
material to result in a refurbished manufactured component 20 within

tolerances set by corresponding specifications.

[0036] Figure 2B represents a second exemplary profile of the
manufactured component 20, after addition of some material 42 to the
manufactured component. The second profile comprises the base material 30,
added material 40 corresponding to a nominal profile 50 of the manufactured
component, and added material in excess 42. In order to make the profile
compliant with the nominal profile 50, the added material in excess 42 must be

removed.

[0037] Figure 2C represents a third exemplary profile of the
manufactured component 20. As illustrated, the profile is not compliant with the
nominal profile 50, because some added material in excess 42 which has not
been removed. This is generally due to a lack of precision in the control of the
abrasive device used for removing the added material in excess 42. For
instance, the lack of precision consists in a lack of precision in the position of
the abrasive device with respect to the manufactured component, and/or a lack
of precision in the pressure applied to the abrasive device for removing
material. Either not enough material is removed, or too much material is

removed by the abrasive device.

[0038] The apparatus and method described in the present disclosure
allow a blending of added material with the base material 30 of the
manufactured component 20, by precisely controlling the process of removing
the added material in excess 42, so as to as closely as possible reach the
nominal profile of the manufactured component after its refurbishing.



[0029]Base material: material present on a manufactured component before addition of material for repair
purpose. [0030]Added material: material added on the manufactured component to compensate a lack of
base material. [0031]Added material in excess / exceeding added material: portion of the added material
which shall be removed from the manufactured comp®nent, to make the manufactured component
compliant with a nominal profile. [0032]Nominal profile: profile of the manufactured component when
compliant with the corresponding specifications. [0033]Actual / final profile: physical profile of the
manufactured component at different stages of manufacturing process. BLENDING OF ADDED
MATERIAL WITH BASE MATERIAL

[0039] Now referring to Figures 4A-C concurrently, an apparatus for
blending added material with base material on a manufactured component will

be described.

[0040] The apparatus comprises an abrasive device having an
abrasive surface for removing exceeding added material and blending the
added material with the base material. While in operation, the abrasive surface
performs an abrasive motion for removing the exceeding added material in
contact with the abrasive surface. An abrasive device 100 is illustrated in
Figure 4A. The abrasive device 100 comprises an abrasive surface 110. Figure
4B illustrates the abrasive surface 110 performing an abrasive motion 115 for
removing exceeding added material of a manufactured component 150 in
contact with the abrasive surface 110. The abrasive device 100 could be a
sanding belt, a rotary sanding or polishing device, or any other known device
which may be used to blend added material with base material on a

manufactured component.

[0041] The apparatus also comprises a guide 121 fixed to the
abrasive device 100 and providing a plurality of contact points exceeding at
least a portion of the abrasive surface. Figure 4A illustrates two guides 121
and 122 fixed on each side of the abrasive surface 110 of the abrasive device
100, the guides 121 and 122 each providing a plurality of contact points
exceeding at least a portion of the abrasive surface 110. The abrasive device
100 could be equipped with one or several guides 121 and 122 each providing
lateral overextending sections, depending on a range of movement of the
abrasive device 100 with respect to the manufactured component, or vice-
versa. Figure 4C further illustrates the guide 122 providing a plurality of contact
points along its periphery exceeding at least a portion of the abrasive surface
110. The guides 121 and 122 may have identical shapes, or may have
different complementary shapes. For example, one of the guides 121 and 122
may correspond to a section of an ellipse, a parabolic or a curvilinear shape,



[0034]Figure 1 illustrates a front view of a manufactured component 10 which has been refurbished, by
removing some of the old material before adding material to restore its edges. The component 10
comprises base material 12 present before the refurbishing process. The component 10 also comprises
added material 14, added to the edges during the ref8rbishing process. In general, too much added
material 14 is added. Thus, the added material 14 is blended with the base material 12, by removing the
added material 14 in excess. At the end of the blending operation, the profile of the manufactured
component 10 is compliant with its nominal profile, within set tolerances. The degree of compliance and
time required to W@Pﬁ)ﬂﬁ?tﬁé%l@ﬁﬁrﬁﬁtﬁﬂgﬁe‘?ﬁ%'ﬂ SPendeireeidisRTIsEIRE ERBRBHYY Bhiselion.
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20. Thus, some materlal is added to the first profile, to make it compliant with the nominal profile 50.
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nominal profile 50 of the manufactured component, and added material in"'excess 42. In order to make the
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manufactured component.  Furthermore, as the nominal profile of the
manufacture component is not limited to being linear, but could include
concave and/or convex shapes, guides in shape of a quadrant of an ellipse are
particularly well suited for providing precision while keeping mathematical
measurement of the point of contact on the guide simpler. However, other
varying shapes are also included, and could be used, by adapting
correspondingly the mathematical equations determining the point of contact of

the guide with the manufactured component.

[0043] The apparatus further comprises a positioning mechanism
(discussed further) for controlling position and angle of the abrasive surface
110 and the guide with respect to the manufactured component. In operation,
the positioning mechanism guides the abrasive surface along an abrasion
direction while maintaining at least one of the plurality of contact points of the
guide in contact with the manufactured component. Depending on the
applications, the positioning mechanism may keep one point of contact of the
guide in contact with the manufactured component aft of the abrasive surface
110. In another embodiment, the positioning mechanism may maintain one
point of contact of the guide with the manufactured component forward or next
to the abrasive surface 110. Alternatively, in certain applications, one point of
contact of each of the two guides 121 and 122 may be maintained in contact



[0037]Figure 2C represents a third exemplary profile of the manufactured component 20. As illustrated,
the profile is not compliant with the nominal profile 50, because some added material in excess 42 which
has not been removed. This is generally due to a lack of precision in the control of the abrasive device
used for removing the added material in excess 42. B8r instance, the lack of precision consists in a lack of
precision in the position of the abrasive device with respect to the manufactured component, and/or a lack
of precision in the pressure applied to the abrasive device for removing material. Either not enough
material is removed, or too much material is removed by the abrasive device. [0038]The apparatus and
method describetitih $hE JRALHREHLEEsGPERIGR ble-rr%?rg dpRanieon el gt Rl BBse material 30
of the manufactuiiechsiospamnizice20, by precisely aadtroligg the precessmnaemmfirkg dietagded material in
excess 42, so as_to a%%%lsel as ossib{e reggn ethe nominal profile of F}‘ﬁ mané{facﬁlér{e Cé)mponent after
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blending the added material with the base material. While in operation, the abrasive surface performs an
abrasive motion RAFERIOVIRG tha iseingding RarseadRitahi U R e M ® 8 als4Rl 08 Erface. An

abrasive device A isdbustatedipbigute wiiicH habspsivesdryite LAbntinalppegtcamiabrasive surface

110. Figure 4B ill%%rtraétes tm oanbg%seiv§ tﬁuerf%cgelsle(l)s%errtfa?rmin aréifﬁlprasive motion 115 for removing
exceeding addedMmaterld'of 3 mantactured componen? if°Gohtact with the abrasive surface 110.

The abrasive demj.]oo could beRsARdiRY ﬁ@ﬁr@sr@ﬂ% S@&‘i’éﬂﬂé}ﬁ@?'%“@o‘ﬁ%ﬁip% of,@ny other known

device which may be used to blend added material with base material’'on a manufactured component.

[0041]The appafS¥ieis8tbatiecd Agurpsaple rtutpes Rd the guide with respect to the

manufactured component is illustrated.

[0045] Figure 5A represents a cross-section view of a manufactured
component 300, comprising base material 301, added material 303, and
exceeding added material 302. The exceeding added material 302 must
removed be as it exceeds from the nominal profile of the manufactured
component 300, and the added material 303 blended with the base material

301 to ensure a smooth and seamless finish.

[0046] Figure 5B represents a cross-section view of the manufactured
component 300 and an abrasive surface 210. An abrasive device comprising
the abrasive surface 210 is not represented for simplification purposes. A
guide is not fixed to the abrasive device. The manufactured component 300
comprises the exceeding added material 302 and base material 305. The base
material 305 of Figure 5B comprises the base material 301 and the added
material 303 blended with the base material 301 represented in Figure 5A. The
abrasive surface 210 removes the exceeding added material 302, without
removing the base material 305. For this purpose, the abrasive surface 210
performs an abrasive motion 360 for removing the exceeding material 302.
And the position of the abrasive surface 210 with respect to the manufactured
component 300 follows an abrasion direction 350 for removing the totality of
the exceeding added material 302. To provide a high precision blending and



abrasive device 100 and providing a plurality of contact points exceeding at least a portion of the abrasive
surface. Figure 4A illustrates two guides 121 and 122 fixed on each side of the abrasive surface 110 of
the abrasive device 100, the guides 121 and 122 each providing a plurality of contact points exceeding at
least a portion of the abrasive surface 110. The abra$ive device 100 could be equipped with one or
several guides 121 and 122 each providing lateral overextending sections, depending on a range of
movement of the abrasive device 100 with respect to the manufactured component, or vice-versa. Figure
4C further illustrates the guide 122 providing a plurality of contact points along its periphery exceeding at
least a portion of TOYH QLR dlfrfecaading Rddertiaiiesnh i doeayasive Rierahpes, or may
have different cqrsfitameniaryishsiesmiotoeB0plFhensbeddive guidase120andyl bveaiy cprrespond to a
section of an ellipse, a paraholic urvilinear s 9 while the oyer overextendi ortion may
define a seres ol BsanTRD e Ut RSl R e A R RIE IR condcat, and
positioned similzklynorizsmthl sidevefmaet aBbasiwrneade 1he. figa)Adivwavein@ctaredeomponent to
be refurbished migpamlhemagd skiess i erelprablediasiiadniieadadiabd g define a

perimeter which varies along its extension with respect to the abrasive surface 110. For example, the
abrasive surface?] 20%cyeiY Aiifdt oraghisvae 2 Hik FREAGIRISRERAR SRS I8 RS an ellipse or a

parabola. The eltipsexsdeaitiguiddydnienesiangees it is simple mathematically angle calculation to identify
an angle of action with respect to the abrasive surface and the manufactured component. Furthermore, as
the nominal proflR087ihe manufligune Hongpoesantisanoishisedtionbatgdfribamenttasitdadclude concave

andlor convex stighi ilssnfbans & ipanbabamalipgeaseae tinuaguchited for providing

precision while keeping mathematical measurement of the gom_t of contact e guide simpler.
However, other JRANE shgpaBrarivaItpiiesudoel, RIS dUddauisy 28hptingRiRMdndingly the
mathematical equatinasisiateioirepgetmieain Figastach eoiteoiLite patitrednanmigietarsed component.

(0043]The appargiug furficr comprisss 8 Pasioning mechaniam discusaed fuhin for gontoliing
position and angle of the abrasive surface andthe guide with respect to Mmanufacttired

component. In operationiutesl sosironien AELHardpeTajdidetheneoshicring wadaaeiziogyidgsabrasion
direction while mgintgiping at g3t Qe oh thiRrality AHCRUACHRMRIEOBEY gHidgsn gRfmLact with the

manufactured component. Depending on the applications, the positioning mechanism may keep one point

of contact of the HaAIBEIMH D AtaLP RRIPPIEIAZR HflbR R HAR0RIRIR At domdirgsHesiveLPface 110. In
another embodimgwarthep@sitRingsneshatitm 382y olainéaibansopodltaicpnsBY eiidiarguide with the

manufactured compon nti{ﬁ%%r oren%(etl tor.t e ?br%asﬁime sturrfa e 110. Aletr(?tr bve}_y,sine%clefllrgain
applications, one poﬁﬁ of Contatt Bt ealk 8? e Two 8U|d%% Y59 &34'38 may be Mafieined in contact 10
with the manufaetuged3=éhoh dne of. the @by aigpe sditiecer? iiteasid dhef duidalid28iwi s tefaeetltoo, the size and

shape of the norgigal arafile. R LReBIAPHIRHULRE SAMRREALARCHEE B0SHI @dshaps Al the guides

121 and 122, it is possible to identify at least one point of contact to be used on one of the guides 122 and

122, so as to prétUAE IR R IR Rl dhPrIbRREHG SHFRCE dd YRRt H evRHISG: 24 Withy 838854se material,
but rather using tben@atanatatthedrampastnediernpene B4 v i roresyeadssteotbasieaninal profile

with & contact p%% %r}]é) rﬁ)%i%{ rtrﬁ% %Ldll 852% ?err%fa(?ﬁ%nlﬁecg%l%t with the base material of the
manufacture component 300, while the abrasive surface 210 removes the
added exceeding material 302, without removing the base material and the
added material corresponding to the nominal profile of the manufactured
component. Although Figure 5C depicts a straight cross-section of the
manufactured component, those skilled in the art will understand that the
cross-section of the manufactured component may include concave or convex
shapes and surfaces. For a non-straight cross-section of the manufactured
component, the angle 340 may vary as a function of the cross-section shape

and nominal profile to be attained. Thus the guide 220 serves as a means to



[0044]Referring to Figures 5A-D concurrently, the control of the position and angle of the abrasive surface
and the guide with respect to the manufactured component is illustrated. [0045]Figure 5A represents a
cross-section view of a manufactured component 300, comprising base material 301, added material 303,
and exceeding added material 302. The exceeding atkled material 302 must removed be as it exceeds
from the nominal profile of the manufactured component 300, and the added material 303 blended with
the base material 301 to ensure a smooth and seamless finish. [0046]Figure 5B represents a
cross-section view of the manufactured component 300 and an abrasive surface 210. An abrasive device
comprising the dBFASRRE RIRSIEPD 19 iRARE¥EFHERIRr BiSiMaiNiRsh PuRSERE. WiGuibe is not fixed to
the abrasive deviggeThateranufa@ecadsouipioneniydng eoanwiseththesprceeslitig:aglsiediveaterial 302 and
base material BOSS.HIH(I:% ase n}%%eré'%SO% \9f Figgrgaf?ilgtcompgge Iteh% rpa}sg %ﬂﬁria&&%%naé'd the added
material 303 bleRdea with the base maPerla\df(?l repres med n igure 8X°The abrasive surface 210
removes the exdeeeliod kiédisidmasereie3 R ovkiaiiainechoving the base material 305. For this purpose,
the abrasive surface 210 performs an abrasive motion 360 for removing the exceeding material 302. And
the position of tH@%HFhsive surfReBATWIR] tBE Rt AlhileGareticaRIB R WOE follows an
abrasion directiogoaegdonde macy gtk todality taidine exerasling: adted spateialtid Aolazipeovide a high
precision blendirl%r?gge ]%]‘I Benfvv\a}l otfhaéll trtlﬁ: d%ﬁggedjfn%addggagil\%egi&}fggez, H] aelal(r)a}]siv%gurface 210
performs an abrasive motion 260" The abfasive surface 210 may move In a vertica Movernent 350 with
respect to the mabEsivrIcHESEM Htent 398, dhin a2npleridéhensuathaheds2h@exoee¢dinthe Figure).
However as can beiappiarlaledsy hRsacdiedn the: ak REpsiiRsafials 79 ghyavugsyriace 210 is

very difficult to achieve, as the abrasive device moves along to remove the exceeding added material

302. [0047]Figuréost IR RSsERCIHRSE LR DB PIREVTSHBRE MR LRSI FbHIP SYERESDE, the abrasive
surface 210 andigeddendétial Boguider@dvedixgeeisiine abraryeydrigcednoprepreseried in Figure
5C). A positioning mechanism (no resented.in Figyre 5C) controls the position and angle 340 of the
abrasive surface 210 ahd uép %éueldtgg(go Wi e?eé%e%f%({)atﬁe Mtaﬁndpa?ctsl?raesﬁ ccr)nrﬁi)eélr?eﬁn?%%gln operation,
the positioning neahainresttesadreabRXlvé lirnrfatiecll GalbegtrideaB?givectiiedcioides0 or 352 while

maintaining a copae, BPH} AL ahYiFAIGIREAAIBRAAY Lo EUSHPTIRE) U feparallel (for

direction 352) of the abrasion direction 350 and in contact with the base material of manufactured

component 300.AepégRieZhglevsiuipihe bt eeataptadinadted rraeriwhiehe BliIRRR 2P with respect to
the manufacturetb copieinaBoonsillusitatedin thig uieghC 3adiffewromsastanglerotiibe of the

abrasive surface 210 withqut.the gujde 220 with respect to the manufactur, %com onent. The angle 340
5 calcuiated so BEAGRa EHLP e VRP ARG IS DR b e SR AR B material of the
manufacture corfijgoargie3B) waifevtrg dbriagitbesbléadsng pesationetotadamdedhexsaddaey material 302,

without removingthe-hase mAtGra) apMhHRaddah ATl eorasRRgUAgP Iadamipalgrofile of the

manufactured component. Although Figure 5C depicts a straight cross-section of the manufactured
component, thoSeJRMEY§H the art will understand that the cross-section of the manufactured component

may include corm\é@lfr conveszhﬁépeiBand surfﬁfgs. I?or a r_IOﬂéstraéqlpt EL gs-sect'orwf the _
manufactured c ent, the aﬂg S FﬁB{R?S 23 IR QTN Ot e POELEJBRAGIFE éf)% and nominal
profile to be attatwedpdiran tAedyuite 2ResbreesuaiaceniEdhsatgl the guide 220 where the

abrasive surface 210 and the guide 220 have been moved along a trajectory

following the abrasion direction 350 or 352 with respect to the manufactured

component 300. Since the profile of the manufactured component 300 is linear,

the angle 340 and the contact point 320 of the guide 220 with the

manufactured component 300 are the same along the trajectory. It will be

illustrated later in the description that the angle 340 and contact point 320 are

modified along a trajectory following an abrasion direction 350 with respect to a

manufactured component 300 with a nominal profile not linear.



12 increase precision of the abrasive surface, by remaining in contact with the base material. Because of
its varying shape with respect to the abrasive surface, the guide 220 provides a variety of possible angles
340 to obtain a level of precision as never before attained. [0048]Positioning of the guide 220, and the
specific angle 340 which corresponds to a specific cditact point of the guide with respect to the abrasive
surface 210 allows the guidance of the abrasive surface 210 along the abrasive direction 350 or 352. The
angle 340 ensures that only the exceeding added material 302 is removed, and that the abrasive surface
210 is prevented from getting into contact with the base material 305, as when all the exceeding added

material 302 is rEf189%d, pressUrdCoROFIUN TGS BRRBRSTHRISHRSS[FALYFIRAS 99D @'Fet in contact

with the base maiegial aifttizenaantdacive daopwpreneahddfe Aleisatvealyiaas tEOGIHde)dide precisely

guides removal %tzguar dde%.ﬁx%edriﬁl&lﬁéatg%amg clca(r:rlgggand toatrp]eI g%ngir}elopr%ﬁile, trhgn uide 220 may
further be in confAct with Baded material whieh cor¥espon s {0 the nomina pro e, Alfhough the angle 340

is shown as stat'mihﬂfftheséigﬁmemqh@m%@Qms@smlmmduﬂ’ﬁl’e!-artl withenelentashaftiihethe value of
the angle 340 may.vapy Sysing ithedencinoapeiaisaiich At AT iR CEHRE MR Matactured

component 300, and the exceeding added material 302 to be removed. [0049]Figure 5D represents a

cross-section viewRaY HeE! A FRTERGURANE th Nom S 4RI6) he0alsdQivouaRAYE™ 1D RAHHEuide 220
where the abrasjyssBigriasiet2d Gnandftirugeddeodzibhane deaspoaded atp fgeantsajpeliopydi@dowing the
abrasion directioor;f %ﬁg or 35 Vc\:/{thr ergsgoect %)ntehn? m%len;a tGLljred tﬁgn%o%réem 1%0. |Sincg1 (}Qg 8x:)rofile of the
manufactured componenfa% |sL1|near, iR angle 540%nd1he contact poin Gofthé guide 220 with the
manufactured cangieiiarib300aarectie Hansediand cheaspentsrip thevilbbendlstedited later in the
description that the angle 340 and contact point 320 are modified along a trajectory following an abrasion

direction 350 witlPddect to a MAMUFEERTHEE Lorhijstreh33Bt R B FORGHEFPIYSIE MitiRdar. 13

[0050]The positiestimgeAtehaaiced coatsals highrelady enpasitiporaachangiaciiea suanpdasiired component

and the abrasive SﬁJB‘a%e 210 and guide 220. The positioning mechanism may include for example a
Wi [% escrl {ad. . , : .
servo motor or any other positiohing mechanism known in the industry. In the context of the present

apparatus and megeg. the PositABIF fesBBRISHAL RS FAE S ajel B UUATARALARS Point of the

guide(s) 220 is in contact with a particular position of the manufactured component corresponding to the

nominal profile of4H@GR#1 98t BredPER 1SoRRYIECWHE I BERRS R DRI WA ELF BB Material that has
been blended argboorFespasEmte, the nmRnalearofilecigures 5C and 5D, the manufactured

component 300, the abrasive surface 210 and the guide 220 are moved with
respect to one another according to an abrasion direction 350 or 352, in order
to remove exceeding added material 302 from the manufacturing component
300. Either the manufacturing component 300 is moved opposite to the
abrasion direction 350 or 352, or the abrasive surface 210 and the guide 220
are moved along the abrasive direction 350 or 352, or both the manufacturing
component 300, the abrasive surface 210 and the guide 220 are moved in
opposite direction to one another.

[0053] The method comprises determining which of a plurality of
contact points of at least one guide 220 is to be kept in contact with the
manufactured component 300 at each position along the trajectory. The
determining may be performed by means of a processor, an algorithm taking
into consideration profile of the manufactured component 300 (obtained by any
means known in the art such as cameras, infrared, optical measurement

systems, etc.) the nominal profile of the component, and the guide 220. The



[0051]Now referring to Figures 3 and 5B-D concurrently, a method for blending added material with base
material on a manufactured component will be described. [0052]The method comprises determining a
trajectory of an abrasive surface 210 of an abrasive device with respect to a manufactured component
300. For instance, as illustrated in Figures 5C and 504the manufactured component 300, the abrasive
surface 210 and the guide 220 are moved with respect to one another according to an abrasion direction
350 or 352, in order to remove exceeding added material 302 from the manufacturing component 300.
Either the manufacturing component 300 is moved opposite to the abrasion direction 350 or 352, or the

abrasive surface’SRIMAEHECGIRAEPIN SeSHIBYH RIfeTiEeuRviIdBReEW Hire BRGRSHI509FT889, or both the

manu_facturing cemmduyem@@xidhema@iuﬁgswmﬁaqm&l@oaﬁd R_bt_e M@Oaarellm@ddni@pposite _
direction to one another. [0053 Th$|5ne¥ od corg:%pses He@ég"”'thWh'Ch- 8ef a&l&rah% o,g‘h%ontact points of

at least one gui e P65 W' bé dep I COMtact with the mantractured c u'ponent 300 at each position

along the trajectorgndfastdese rasinipgneizty H pertovierdhiey preraisayidapescesdbe, ahragiithm taking into
consideration prgfjle,gf thegmashiark iRy 2P ARARE S (ARtaKIEdIbY SRYMHRB5JBPYERN the art such

as cameras, infrared, optical measurement systems, etc.) the nominal profile of the component, and the
guide 220. The T4 RAIFRBVE BRI PERRENG RELSS SRlRsiR yefdalied dPehE'aBHRFIE @rface 210 by
the guide 220 aleomplo@drajgotory. For instance, as illustrated in Figures 5C and 5D, the contact point 320
of the guide 220 with the manufactured component 300 ensures the proper guidance of the abrasive
surface 210 alorl§@hdltrajectoryldiefimeetydteoaiprigsionativediiing 880 ab3sXandsndee.td@move the

exceeding added aigiab3oh LpaePRHASITRA SBrERANARG J085HATR methpdipomprises

actuating the abrasive device. For example, as illustrated in Figure 5B, the abrasive surface 210 may be

set in an abrasiv%bﬁ@é{Y@n”@@(?Wﬁﬁ%@ﬁb@%eﬂéoaﬁ}%éﬁ'@ﬂ%%ﬁ@?tWégﬁ52-

[0055] The method comprises controlling position and angle of the
abrasive surface 210 and a contact point of the guide 220 on the manufactured
component 300 along the trajectory. The controlling of the position and angle
may be performed by using a robotic arm holding the component 302, holding
the abrasive device 200 or two robotic arms each holding one of the
component 302 and the abrasive device 200. For instance, as illustrated in
Figures 5C and 5D, at each step of the trajectory, a specific angle 340
determines an orientation of the abrasive surface 210 with respect to the
manufactured component 300 to maintain a specific contact point of the guide
220 in contact with the manufactured component 300. The combination of the
angle 340 and the position of the contact point 320 on the manufactured
component 300 determines the position and orientation of the abrasive surface

210 with respect to the manufactured component 300 along the trajectory.

BLENDING PROCESS FOR A MANUFACTURED COMPONENT WITH A
CONVEX PROFILE

[0056] Referring to Figures 6A-D concurrently, the control of the
position and angle of the abrasive surface and the guide with respect to the

manufactured component is illustrated in the case of a manufactured



[0055]The method comprises controlling position and angle of the abrasive surface 210 and a contact
point of the guide 220 on the manufactured component 300 along the trajectory. The controlling of the
position and angle may be performed by using a robotic arm holding the component 302, holding the
abrasive device 200 or two robotic arms each holdind®ne of the component 302 and the abrasive device
200. For instance, as illustrated in Figures 5C and 5D, at each step of the trajectory, a specific angle 340
determines an orientation of the abrasive surface 210 with respect to the manufactured component 300 to
maintain a specific contact paint of the guide 220 in contact with the manufactured component 300. The

combination of tReBRENEHAYHha SRIBESINRT S PRIt dD|SoffS82 ANEnPPRIIR AN LA component

300 determines tHzpasitiemaifiedentaigomefithie abrasivalbwipespad tewithaespext éedimg manufactured
component SOOE%bOQ%the tra'%ctory. BLENDING PROCESS FOR A MANUFACTURED COMPONENT
WITH A CONV 6rl1_aﬂ_eé 056]Referring to Figures 6A-D concurrently, the control of the position and

angle of the abragpsgrpuriace ang e guide s FeSRRTHIR LIS MRAIASIHER A FRRRRRENES illustrated in

the case of a manufactured 15 component with a convex cross-section. In this case, the position and
angle need to bEAIRRMEA NG WHE PafREtsry 1 AiEwSHBPERIAShIRRE SraiRdBediRl &fHEd material.
[0057]Figure 6ArepseiaeMed cings-eassiniag vieal anamniaacoredreempareaing) Gudidda convex

profile, comprising_bas rial 401, added material 403, and exceedi ci%? materigl 402. The
exceoting added FIBUETA AT RAS B 18 T R s (R o i P a0 Wit the base
material 401 for blesenaatdastutet twnipemeanufaottsecb p@sponerio4drionsipeppofik to its

nominal profile.

[0058] Figure 6B represents a cross-sectional view of the
manufactured component 400, the abrasive surface 210 and the guide 220.
The guide 220 is fixed to the abrasive device (not represented in Figure 6B)
comprising the abrasive surface 210. The manufactured component 400
comprises the exceeding added material 402 and base material 405. The
added material 403 has been shown as part of the base material 401 for
clarification purposes. The abrasive surface 210 may move along an upward
trajectory 450, or a normal trajectory 352. The abrasive surface 210 may be
positioned as shown on Figure 6B with respect to the manufactured
component 400, or be pivoted by counter-clockwise 90° with respect to a
normal plane of Figure 6B. More particularly, the abrasive surface and the
guide 220 are positioned with respect to the manufactured component 400 in
such a manner as to efficiently use the precision provided by the guide 220
when it is in contact with the base material 405, or with added material which
has been blended with the base material 405 and respect the nominal profile.
When such a configuration is respected, the abrasive surface 210 removes the
exceeding added material 402, without removing the base material 405.
Furthermore, the position of the abrasive surface 210 and the guide 220 with
respect to the manufactured component 400 allows removing the exceeding
added material 402 without removing any base material, and with a precision
greater than without the use of the guide 220.



[0058]Figure 6B represents a cross-sectional view of the manufactured component 400, the abrasive
surface 210 and the guide 220. The guide 220 is fixed to the abrasive device (not represented in Figure
6B) comprising the abrasive surface 210. The manufactured component 400 comprises the exceeding
added material 402 and base material 405. The addé& material 403 has been shown as part of the base
material 401 for clarification purposes. The abrasive surface 210 may move along an upward trajectory
450, or a normal trajectory 352. The abrasive surface 210 may be positioned as shown on Figure 6B with
respect to the manufactured component 400, or be pivoted by counter-clockwise 90 with respect to a
normal plane of 188 68. Mord MrReSIRRINth LSRRI (PRl ECRAP LSS Lle P8 e réBbsitioned with
respect to the maowtatiuredpesitiporent 40fleraoatt shaabresias dorkificiendyangeatibeypigeision provided
by the guide 22 %1evr\}iti isrérsl contélgt iéh rtrbaenb sc(?urrré%teéioal 48% o ' a%d%d érpgttlgrialtwgich has been
blended with the Dase materlgleﬁb anH respect the' nomina Broﬁle. en suc acor?ﬁguration is
respected, the abesdiosisarfaceZnsrerguides the exo@stiagsafaed Ridterlangoenatbragioemoving the
base material A5 doypHeISt R 488 MATIGHANIRAGTALYRALIBEMPAOHH fhe guidle 229 with respect
in

to the manufactured component 400 allows removing the exceeding added material 402 without removing
any base materi§itEAP{litPPEAHRE QG TORGHELEE iSRRI CIFRE IR HPOrRNGUIEBRCt YD059] The
positioning mechhaistan(ratiepwsenigshientigpoeToB) spemife sitiifepesitiginasdrangled4h0eof the abrasive

surface 210 and fhe guide, 20, with espect i fhe panuigelured campopent 0. I gperafion. the
positioning mechanism guides the abrasive surface 2X0 alongthe abrasion direction 450 or 352 while

maintaining a cositagtiaohousRotos thhaigtdderzoadithe resintaeiratintof 20 rofatite o uitke 22@sion direction
450 and in contaciwat (e HiaRiERLFUMRIRER ARUoNe ResHiganate 440-aligws e guidance of

the abrasive surface 210 along the abrasive direction 450 and simultaneously the maintenance of the

contact point 426GIRIFE JLitRABSe BRI RIAGPIRE T ah RS RRERFENTYEIRER 48B. OfhEEngle 440 is

furthermore adapigdlifa€&qratdomesndispiace e pabtag;abrasiseysohtanseddQranttap cismufactured

component 400, S0,as to adjust to an chanl_ge in,the traje t9ry (ﬁ.ither concave or,convex trajectory), and
. el h% Concave or. convex aéect reb 0’ efficl nﬂt\h remove the ‘added "~
to efficiently rem%ve e added exceeding material 402 For example, the positioning mechanism may

keep the abrasivexseeiog madaie_ﬁ@é’ve %Ud@@mnieeﬂiﬁgmﬂiieﬁhﬂg andcgmllmaheh@@ the angle 440,
and in consequepeeihe GoREGHRAINE SR {D19HNE 480eSLREIOFRG MR ArSHEr JHan4ly and in a

gradual manner of added exceedlnégﬂmatenal 402. [0060]Figure 6C represents a cross-sectional view of

the manufactureSéHR BIfeATAE 4R 28 HERANSEALRTCS 10eLR1RE HRIBEIYHEAYide 45Q abrasive

surface 210 andsbezguide RAtbvehe ag@ietdd Qanttitheserntactpeiriotidd afdhecguideatRieavith the
manufactured com Oe?ﬁlrl]t 40q rﬁzglui ié‘ the abrasive surface 210 being in contact with the added
exceeding matefia eo HolBM&ingll the added exceeding material. To precisely remove all the added

exceeding mater['@d,sme angle 414%@%3 tgde %S%Q%Hté"’hgm indaen il gffect fhae, poipt gf,gontact 420 of

the guide 220 on the manufactured component. [0061]Figure 6D represents a cross-sectional view of the

manufactured cERAFFRATH RSO CHRPRPRIEIAY Qu igc 8 28 \h G YHBGuURID 22T WitV iFR 22le 441 and the
contact point 42{ypétbeargigle Z0evdthifit’e 210 and the guide 220. The angle 440 and the

contact point 420 of the guide 220 with the manufactured component 400
result in the abrasive surface 210 being in contact with the added exceeding
material, but not removing all the added exceeding material. To precisely
remove all the added exceeding material, the angle 440 has to be modified,
which in turn will affect the point of contact 420 of the guide 220 on the
manufactured component.

[0061] Figure 6D represents a cross-sectional view of the
manufactured component 400, the abrasive surface 210 and the guide 220,
where the angle 441 and the contact point 421 of the guide 220 with the



17 manufactured component 400 have been adapted, to provide proper guidance of the abrasive surface
210 and precise abrasion of the exceeding added material 402. In particular, with the angle 441 and the
contact point 421, the abrasive surface 210 is in contact with the nominal profile of the manufactured
component, for complete removal of the exceeding atfded material 402. [0062]Although the abrasive
surface and the guide have been shown as being tangent of the cross-section of the manufactured
component, the present method and apparatus are not limited to such a configuration. The abrasive
surface and the guide may be positioned in any suitable direction, which allows abrasion of added

exceeding matefPRNWRHIHRA HIRRY EAEAIS ey e ReSGLATRIF I L RIQKI AR REPRE ‘09 WF3E8ed material
which corresponeis fitethbreininaupafde it enthanedact uae chepmpsingrt. §R068dTHe argitioning
mechanism is thus capableof adapting.the position an le of the abrasive surface.210 and the guide
250 with respect L BB L AR B e eBe 2o e U B R B 510 anc the
guide 220 are mabeasi Agrtaectaedeoiy sontaeinyitthéhabragimaldrettioaf 466 manuiaspaetto the

manufactured commaRABHAGE: JHRINED R4 e A sd dDalesiabARd wilhuihe hpse material 401 is

performed in a single iteration, by precise removal of the exceeding added material 402. [0064]In another

embodiment, thggasaiioning mexlranigmtheasbraiive sahaddennt ablagingtheveasséprsaodangle of the

abrasive surface_ 210 and %the uéde 2%0 with res efct to ¥h manuf tL%red omlgr)]onent 4Q0 in real time. In
T e s

this case, the blear?dltl)qegmgf Redd matehiar 403 With e base matenal 401 maE/)Qt?ee rE)ter ormed in several

iterations, by gradteaerermeiapdfane eppasaiig) aiédeet iaitathlalG2c[0e6H)Ridaratiento Fiures 7A-B and

6B concurrently, gyadfetationscal fhe iRngindersgsape divsieared: dn A diisbierafigriepresented in
Figure 7A, a first position and a first angle of the abrasive surface 210 and the guide 220 with respect to
& Ls%il

the manufacture¥ EsHAEh RRGERNR SEERr £ ARRIBISA G AR BBO S HRAIHR R8P BE the abrasive

surface 210 maybendejingd as the base material or on added material which corresponds to

the nominal profile of the manufactured component.

[0063] The positioning mechanism is thus capable of adapting the
position and angle of the abrasive surface 210 and the guide 220 with respect
to the manufactured component 400 in real time, while the abrasive surface
210 and the guide 220 are moved along the trajectory following the abrasion
direction 450 with respect to the manufactured component 400. The blending
of the added material 403 with the base material 401 is performed in a single
iteration, by precise removal of the exceeding added material 402.

[0064] In another embodiment, the positioning mechanism may not
be capable of adapting the position and angle of the abrasive surface 210 and
the guide 220 with respect to the manufactured component 400 in real time. In
this case, the blending of the added material 403 with the base material 401
may be performed in several iterations, by gradual removal of the exceeding
added material 402.

[0065] Referring to Figures 7A-B and 6B concurrently, two iterations
of the blending process are illustrated. In a first iteration represented in Figure
7A, a first position and a first angle of the abrasive surface 210 and the guide
220 with respect to the manufactured component 400 is selected as illustrated
in Figure 6B. A first trajectory of the abrasive surface 210 may be defined as a



18 tangent 455 to the nominal profile of the base material, at a starting point 415. The first position and
angle of the abrasive surface 210 and the point of contact on the guide 220 are selected such that all the
exceeding added material 402 on the right side of the first tangent 455 is removed when the abrasive
surface 210 follows the trajectory along the tangent 485. Following the first iteration, the blending process
is completed from the starting point 415 to a second point 416. [0066]In a second iteration represented in
Figure 7B, a second position and a second angle of the abrasive surface 210 and the point of contact on
the guide 220 with respect to the manufactured com[ﬁ%nent 400 is selected. A second trajectory of the

abrasive surfacd@FEbARI MR MR 19RISRLBIRGIRAGER B3t MaiRtide AASHINURE M AdXecond position

and angle of the iy alvive sosfiene 240 andthelthdeatnbsive seleatedSihationtiadl ihwrexeteding added
material 402 on the ri%pt side of the seggﬁwd tan eel% ,[Aé%ﬁ iS rﬁnﬁg)ved r/vpen the a%rasive ggaface 210 using
2 :

the guide at the g%ﬂ:ﬁ% ad’Con 8c9l6'gﬁ1t ows the seconaL{cr:ajec%rf;jl Ialohneg e second fjangent 456.

Following the seaw@ierieérédid ontibekgitirsidprotdbe itirsbiapgseid4ponisttienseremdvpeinttda s to a third
point 417. [0067 LHalg RECSERS. B @efBﬁB%t%fWa?e%@@”é{lHﬁéaﬁ%q?aﬂﬁélﬁcﬁﬁ.""%%\wlﬁgove all the

exceeding added material 402. At each iteration, the trajéctory of the abrasive surface 210 may define a
tangent. The podftfofirsintPEHine dreriensingiPEosars i cOmP Bt B0 StarineeeiBt theguide 220 is
selected to ensuie prepengpisiangedf the abrasive surface 210 along the trajectory. The number of
iterations is dependent on many factors: the nominal profile to be achieved, the efficiency of the abrasive
surface, the relaf@@66lze of the dbrasieseudfatration regpesentetheaddgdrexéBedinganangrial to be

removed, the NUARRRIHT JHIASS Useshd indit TN N GHPRCE EaRa OB 1 MAN HeASol RIFD
COMPONENT WITH A CONCAVE PROFILE 19 [0068]Referring to Figures 8A-D concurrently, the
control of the  contact on the guide 220 with respect to'the manutfactured component 400 is

selected. A second trajectory of the abrasive surface 210 corresponds to a
second tangent 456, at the second point 416. The second position and angle
of the abrasive surface 210 and the guide 220 are selected such that all the
exceeding added material 402 on the right side of the second tangent 456 is
removed when the abrasive surface 210 using the guide at the selected
contact point follows the second trajectory along the second tangent 456.
Following the second iteration, the blending process is completed from the
second point 416 to a third point 417.

[0067] This process may be repeated for as many iterations as
necessary to remove all the exceeding added material 402. At each iteration,
the trajectory of the abrasive surface 210 may define a tangent. The position
and angle of the abrasive surface 210 and the point of contact of the guide 220
is selected to ensure proper guidance of the abrasive surface 210 along the
trajectory. The number of iterations is dependent on many factors: the nominal
profile to be achieved, the efficiency of the abrasive surface, the relative size of
the abrasive surface with respect to the added exceeding material to be

removed, the number of guides used, etc.

BLENDING PROCESS FOR A MANUFACTURED COMPONENT WITH A
CONCAVE PROFILE



position and angle of the abrasive surface and the point of contact of the guide with respect to the
manufactured component is illustrated in the case of a manufactured component with a concave
cross-section. Although the abrasive surface 210 and the guide 220 are shown in a particular position
with respect to the manufactured component, the abri&sive surface 210 and the guide 220 could be
pivoted in many direction, and following various trajectories, as long as the guide 220 may be in contact
with base material or blended material, to guide the abrasive surface therefrom [0069]Figure 8A
represents a cross-sectional view of a manufactured component 500 with a concave profile, comprising
base material 509088Hed mateRAGEH% MY EQWESIHY abdsancaTenty 53pe THRIERL&EdIRG added
material 502 is reptatandcitigtcardded maiene Slifhishiaddrd patht thiecbasenoateda) béd., either
following the traj\(,av%orl)(/a gSOdtotfof Iowrinn afg&harct r 3520\r/1v$1i?r} is”puoc[Fn?l (g;. thﬁgr%%%-es%?tignal view, and
for which the abrasive surface 210 and the guu?e P0Rave to Be' rotated 00 clockwiss Witty respect to the
normal trajectory"BBR 00T SiFeguIE BB Tepitsa e are ssosscsiRtiinvidithot gietheaalifasiuered component
500, the abrasive sryfaced19-anHdhR. 328 20 Ths iR 20 R isphiaitian abiirsbapelgvice (not

represented in Figure 8B) comEJrising the abrasive surface 210. The manufactured qomEonent 500

comprises the efdBRIAFRUAEH FRAEPRIPSHS N B AX FRN R AHI1868 2R adsE natiarE8s of Figure 8B
comprises the basaltbiepabbéd ianddhg adidstsibmatediad i@ dyendra svitajbreohase apatekal 501
represented in ina%utrr?espt‘ji ré%gprag,iv esllfl]rfgé:r% achfO [emoves nt]ré X 8?%@3 O%d r%% trgr'?lgfar{'al 502, without
removing the base material 505. Forthis PUrpoSE, e aPFasive surface performs ari &brasive motion
(not representedditideidnecaBBistoe rumiasenigersfrerteeding material 502. And the position of the abrasive
surface 210 with respect to the manufactured component 500 follows an abrasion direction 550 for

precisely removiliPBR exceedifidPHIRIER FRRIERENS0R URTHEECEATAHEWHR 2B HYRY al 505.
[0071]The positigpingomeshaniswitthat cepcaserpestiie, damiRiSiBy tarisosdie gositiormanedangle 540 of
the abrasive surfac? r21|0 th(;:-1 é)oint of &%ntacé ??f c}h(r-:-n gyige 2 WitlthreSé)ect t(? the rg@n&:factured
component SOO.Tr?oep'gra 10N, tAe pc?sxlﬁ%%lr'lggmaec anidh Su'f11 es ﬁ'e abrasive surtate 216 along the
abrasion direction@80ab5882s(tieperethqon tihe adsdtonaietiad al3asibtesdethudtutiethbasguide with

respect to the mayiaciuspd CAMBPRSINw MG M8 A4 ERINAEBEOBIAGHBMAL 52 & Qfblisr§u4gs 220 in contact

with the base material 505 (or blended added material) of the manufactured component 500. The specific

angle 540 allowdMNeNSiASHEE! 3P Hhe SR agiveciaRaU.RARIRY MadbIEBRiTRaR¥EIR}M8E® or 352 and

simultaneously magtaidingethpicentact paiet 28t dhadior 226ckwagniaih Wit kageematerial 505 of
the manufacturerc]io(%oml 9negtt ;,og Zhe position and angle 540 of the abrasive surface 210 and the point
of contact of the gum(@:l SRR gp'ect to the manufactured component 500 allows the abrasive surface

210 to remove trlg(ﬁaéﬁeeding a@%énaggialrég,%g\gmgute{er’epa/gggsél&}/opgfse naterigl 5@Ror previously

blended added material. [0072]Figure 8C represents a cross-section view of the manufactured
manufactured component 500, the abrasive surface 210 and the guide 220.
The guide 220 is fixed to the abrasive device (not represented in Figure 8B)
comprising the abrasive surface 210. The manufactured component 500
comprises the exceeding added material 502 and base material 505. The base
material 505 of Figure 8B comprises the base material 501 and the added
material 503 blended with the base material 501 represented in Figure 8A. The
abrasive surface 210 removes the exceeding added material 502, without
removing the base material 505. For this purpose, the abrasive surface 210
performs an abrasive motion (not represented in Figure 8B) for removing the
exceeding material 502. And the position of the abrasive surface 210 with
respect to the manufactured component 500 follows an abrasion direction 550

for precisely removing the exceeding added material 502 without removing the



component 500, the abrasive surface 210 and the guide 220, where the abrasive surface 210 and the
point of contact of the guide 220 have been moved along the trajectory following the abrasion direction
550 with respect to the manufactured component 500 of Figure 8B, and where the angle 540 and the
contact point 520 of the guide 220 with the manufactéfed component 500 have been kept constant. Since
the profile of the manufactured component 500 is concave, the abrasive surface 210 would remove the
base material 505 if the angle 540 is not adapted to more precisely guide the abrasive surface with
respect to the nominal profile and the base material. It is thus necessary to adapt the position and angle
of the abrasive LAFEEHRIe point of contact of the guide 220 with respect to the nominal profile of

the manufacture ponent 500 along. the. trajectory so as to provide precise rem of the added
exceeding mateﬂé@?ﬂd preven?ggn%ov% D 'Qﬁy%%%%ma’i%n%gr“géﬁa%sog rr‘rf% e}?al%:;l:rglrjrrgsoé ding to the
nominal profile. [COBIEitheeredliepriskargte dréd phthriahsdsikesoffane Ath e ihep@omponent 500,

the abrasive surfee,2L0eadHac e8RS 18 APIRSMeRUIRRS & ORRSLing gHisle 220 have

been moved along the trajectory at the same step as the one illustrated in Figure 8C. However, the angle
541 and the contA@RSEAICER NGMPRILANES %Qﬂﬂﬁsmegm%?ﬁﬁaﬁtapéﬂséﬁﬁb'ﬁﬁéﬁt%m been

adapted, to provide prpasibguitteaenossbecaldssiueperfaieg 2H0taapeshioer semevabelsihe exceeding

added material SSOeraIneparr]t(ijcé%ar, vMilt&t%tﬁnr%lg 54 tan%teh?n %cr)]miag r8ii“c%?n1 thgn?b%slilve surface 210
is in contact with the border 506 &t & contact poPrﬁ 18, or compL1eate removal gPPhe éxcee%ing added
material 502. [007aiiXgiaingadycerirainedintithf s cbet@tidenatutacearsdat onithoifent4se with the

convex profile, the hlending REPERSSIBRUARASHRINSY 81 tsiRaR.iisEalien JBis AR Sole positioning

mechanism adapts the position and angle of the abrasive surface 210 and the point of contact of the

guide 220 with rd&jSetR6 RARAR AR W T SR putdAt B it R aPiRAV eV t8e2A8ra 908 surface 210
and the guide 22AeaeprasivedimsfliontBst aje @epydiali avingtdhe aAgsierdiietip i essegance with the

nominal profile ofthe mapulagiured somponent 00 Atenatiely, he blending pigcess gy be
performed in several iterations. Th this ¢ase, the positioning mechanism may adapt the position and angle
of the abrasive sudagtagtugedncotheqrsint oPBontthet pdshionyddd 200ieitH bespdbetabhasiveminal profile of

the manufactureg, coponenLREGHE BHiVR bt UdHRG R GPBENIGIHEEABD. it PRIPSS apckRagle are

maintained while the abrasive surface 210 and the guide 220 are moved along a specific trajectory

(determined for tRe"4fiBeiHECReFaIRNNESS 260 liowh dig Rbrasiid sHReRIc LINEMAWSEBR of the

abrasive exceeding added material 502 without removing any base material 505 or

previously blended added material.

[0072] Figure 8C represents a cross-section view of the manufactured
component 500, the abrasive surface 210 and the guide 220, where the
abrasive surface 210 and the point of contact of the guide 220 have been
moved along the trajectory following the abrasion direction 550 with respect to
the manufactured component 500 of Figure 8B, and where the angle 540 and
the contact point 520 of the guide 220 with the manufactured component 500
have been kept constant. Since the profile of the manufactured component 500
is concave, the abrasive surface 210 would remove the base material 505 if
the angle 540 is not adapted to more precisely guide the abrasive surface with
respect to the nominal profile and the base material. It is thus necessary to
adapt the position and angle of the abrasive surface 210 and the point of
contact of the guide 220 with respect to the nominal profile of the
manufactured component 500 along the trajectory so as to provide precise



surface of the abrasive device with respect to the manufactured component, as well as the determination
of the position and angle of the abrasive surface and the point of contact on the guide with respect to the
manufactured component along the trajectory, are performed with a high level of precision, the blending
process is prone to various types of errors. [0076]Fof Example, the trajectory may be implemented by a
robot moving the manufactured component with respect to the abrasive surface and guide according to
the trajectory. Alternatively, a robot may be moving the abrasive surface and guide with respect to the
manufactured component according to the trajectory. In both cases, the movement of the robot may not
perfectly respect 8PN NG, AAPSHURSE B BASHRY tﬁ@doferﬁéiﬁﬁ FREQE. §hEMY)8RR& the blending
process is submitiegitalverydight nesgiiensentspundingasé norass prefirrial shall be removed
depending of the requirements, all or almost all the exceeding added material shall be removed
depending of thd@&bmer requiiguientBla forpresami®l raectiassseatiapdle v totorifisensate the
aforementioned RixqfadiiRPLGHRRMEN BRSHUSBARRIESAHIRIERD R ARKES)(Rudeylsg when the

abrasive surface is in contact with the manufactured Component to allow the abrasive Surface to remove
the exceeding a&ﬁ?ﬂ%%?&ﬂ?éW@ﬁtﬁ@%%t%?%ﬁ?&c@Wﬁﬁwmwéﬂ%@@eﬂ%&:g@dmg material
has been removed}e“c'tmy‘ammts t@ﬁefetéeda&qﬁetba@br@emeedawoegoréwecpomwémtmt of the guide to

prevent the abraS| ecg ; rfece é?ﬁn 1 removi F?p? % %ﬁatfe |aI thualtct]I Legy 6re I}EQQ?SrLAdd t|o allg a force

sensor may be us ot oree A y the OrcE LR trE e ehalsmE T orce sensor
measures the foroengpphket lthehaleadieertdsadeptcfhetforpeokisiesdiroperiparedatiee nifatheed force to a
predetermined valg cATEsRANARG 1o B?Fﬁfe@%ﬂ@gaqcbmﬁ@&@é&ﬁrﬁqé%wn%m g@asive surface or

the guide is in contact with the base material. When the added exceedln?tpo material is removed, the force

will be transferre@ RBAICHR aBHsIlE BRYiRS1d A UReeP B3GR B PadOARGSHB ANERRS NS (for

alternatively appiogs t@rceqtedhwmbrmvwewcewdttetbergauﬂq)oaﬁtda‘macﬁeamraéfer measuring

the force applled to the r%swe deV|ce WeII lﬂnewr%‘bthe art. Such known force control mechanisms
Auifirkinraet sl

and force sensof§ may e used’in e present disclosure (by example 6 degrees of

freedom sensor Rﬂﬁlb}% used onpa rmta@ya@‘atdﬁ]Q@tmmqrew%eqwe%gq{%anIrggment)

component 400 with the convex profile, the blending process may be

performed in a single iteration. In this case, the positioning mechanism adapts
the position and angle of the abrasive surface 210 and the point of contact of
the guide 220 with respect to the manufactured component 500 in real time,
while the abrasive surface 210 and the guide 220 are moved along the
trajectory following the abrasion direction in accordance with the nominal
profile of the manufactured component 500. Alternatively, the blending process
may be performed in several iterations. In this case, the positioning
mechanism may adapt the position and angle of the abrasive surface 210 and
the point of contact of the guide 220 with respect to the nominal profile of the
manufactured component 500 iteratively. During a specific iteration, the
position and angle are maintained while the abrasive surface 210 and the
guide 220 are moved along a specific trajectory (determined for the specific
iteration).

FORCE CONTROL MECHANISM



CALCULATION OF THE TRAJECTORY [0080]In an embodiment of the present disclosure, the trajectory
of the abrasive surface of the abrasive device with respect to the manufactured component is calculated
by a computer. The calculation of the trajectory comprises the determination of a path of the abrasive
surface with respect to the manufactured componen£along the abrasion direction. The calculation of the
trajectory also comprises the determination of the position and angle of the abrasive surface and the point
of contact of the guide with respect to the manufactured component along the path following the abrasion
direction. The calculation of the trajectory also comprises the determination of which of the plurality of
contact points ol 8% Yuide is in CERRYSNWIRR HEIRAIRALRHLARB SRR a RN th8YBaRVBllowing the
abrasion directiosurfdoe tajretabyasiay bevivdonithiesspyqpocessinghaiaBiursatied ebiremaasifactured
component, the 3 madel comprising & epresenation ofdhe addsd material and the basg materal.
[0081]Using the calcu?a ed trajectory, a ro oq rr?ay move thé Mahofacture componen WRH respect to the
abrasive surfacelltd priniipfaspntage oivdhacgoidingitio teepaetdenthect atfaciutehedvggnantobot may move

the abrasive devige Withd segbl0, thR PERLIRRIUTGHCARANEVLRSFRIFINJR, e drigkmiged path. And

the positioning mechanism controls the position and angle of the abrasive surface and the point of contact
of the guide withPFOSEERIIPIRRSHRANAFQUSIMBESHPhEBREN using the determined position and angle along
the determined gr H}Gi4 [0082]'I|§1e calculation of %he tr%ectr%ré/ m%yirtr)]% Igerfortrgg%ln two stFps. In a first

step, the trajectary’is calculated o Xgrg@r%’sf\r/]ee surtace of th a%raswe Bice Wl%gu{(%ﬁg presence of

the guide. The firgogieptiReillngtrafieciurefigompapethetiragsneey icoihgdbessive patlacesanst the abrasive
surface 110 withfegaestig-Higgmanuiaciied&9MRREERtita); BOFRREMMYINLOf iR iRgtnE60, the position

and angle of the abrasive surface 110 with respect to the manufactured component 150 is determined.

The second steRR ARiNGr stedarer i eisleT Mal J/RIRER) itOniB8IfBETE RkE 5t oPEBHGAEB tion the guide

122 fixed to the abcasiiegdevine fRctoy.erchotvicishe@ativihfe theosittopantgnge of the
abrasive surface. 149 nd hedolnLar caniast of s aulde 22 wil tespedl o fic manufactured
component 150 e AL MUS ratedY’the posmo% andeang?e Or theabrasivd SUirace 110 is

modified by the poBFfICe of theqgpide 142 B_I*éﬁcﬂﬁgj"ﬂ%l_{@% and %@gﬁiﬁggurﬁs R,k@%,atd&ﬁlst one of the

plurality of contact points of the guide 122 is tangentially in contact with the manufactured component
150, while at the8aWTETFES (BOneAG FoRk BR Resamasia!sshicker Mmeved Ganeafing ebntact with the

manufactured canesgiitdrnenis Blusiratdaofdr algiMendxessdngthainath Hatsribe éaagesdial contact
point on the abrasive su fgce 122 is dfifferent ithout the. presence of the quide 122 (Figure 4B) and with
the prosence of R UG RS IS 405 Ly eI eI BRI GRRIR GO BPERBING PROCESS
[0083]Figure 9 ilmavdnestgssglstemqmqe@ﬁammg tabllﬁ_lmmmi@pcb@esgﬂﬁ@@m@m gonmrmiises a
computer 800 fop cajeulating, s dkaleciary BNARISRABUERRE Rk §20 {BrRArPLIHaad e blending

process using the calculated trajectory. _
in contact with the manufactured component, to allow the abrasive surface to

remove the exceeding added material or on the point of contact of the guide
when all added exceeding material has been removed. The force is transferred
from the abrasive device to the point of contact of the guide to prevent the

abrasive surface from removing more material that required.

[0078] Additionally, a force sensor may be used to control the force
applied by the force control mechanism. The force sensor measures the force
applied to the abrasive device. The force sensor compares the measured force
to a predetermined value corresponding to a force applied to the abrasive
device when the abrasive surface or the guide is in contact with the base
material. When the added exceeding material is removed, the force will be
transferred from the abrasive device to the guide



[0084]The computer 800 comprises a processor 802 for calculating the trajectory based on a 3D model of
the manufactured component stored in an information storage device 804, also referred as the nominal
profile. A user may control the calculation of the trajectory by the processor 802 via a display 808 and a
user interface 810. The computer 800 also includes 8325 communication interface 806, for transmitting
the trajectory to the blending apparatus 850. [0085]The blending apparatus 850 includes a
communication interface 856 for receiving the trajectory from the computer 800, an information storage
device 854 for storing}lthe trajectory, and a processor 852 for processing the trajectory and generating

commands to pd@86¥ing mech&RiGH GRBIRIMPSRASI R eh A RIORIMINABBY It & Q(RRIP 864, and a

force control metiwaismsBEs dévied it ingtap paiak)s B0 fhrib ercosoprises mpaluasjvehdevice / guide

868 (the guide isffixed t0 ‘he qbr sive device and the abrasiY% device c&mpri§e§ an ibrasive surface not
orce app |ed O e dbrasive deviee) are V\{ﬁl nown in the jart..Such known .
represented). As previdusly mentioned in the description, the position mechanism controls a position and

angle of the gbrégrve genicy VT@GI@!@%&B aeddaﬂm@mmﬁacmwsvdéram@mtaﬁmémﬂrols an .
abrasive motion %ﬁ%?&%&%r@”{ﬁ?c@(%@@ BRasINEdMIcR 8GR Rk dt FalRBRNAlePERE of the abrasive

surface may be varied according to the trajectory). The force control mechanism 856 controls a force
applied to the afRRIERAARLS IR BIRSPEREIRS ERALBREIPIFR ORAMERTHEG may be coupled with a force

sensor (not represented), as previously mentioned in the description. [0086]The system may also
comprise a robot 880. The robot 880 receives the trajectory from the computer 800. In one embodiment,

the robot 880 pegainttf AMGHNGETHE TRENHERSEGRY component with respect to the blending apparatus

850 along a path following an abrasion direction determined by the trajectory. In another embodiment, the

robot 880 perforpoegomovemeniroaiherhisseitingnaepanatyscssawdibclespecttte arajettafactired
component along a path following an abrasign direction.determined by the trajectory. In this embodiment,
?he%b gce o?l?f:le éﬂf é‘(.tto in ¥ c{brf

the robot 880 and i msgiJ Eapparatus 8 ?ﬁ%\(f Bjee Yﬁ({gg"}’gpeae s single %p%%r}gl g
component is calculated by a computer. The calculation of the trajectory
comprises the determination of a path of the abrasive surface with respect to
the manufactured component along the abrasion direction. The calculation of
the trajectory also comprises the determination of the position and angle of the
abrasive surface and the point of contact of the guide with respect to the
manufactured component along the path following the abrasion direction. The
calculation of the trajectory also comprises the determination of which of the
plurality of contact points of the guide is in contact with the manufactured
component along the path following the abrasion direction. The trajectory may
be calculated by processing a 3D model of the manufactured component, the
3D model comprising a representation of the added material and the base

material.

[0081] Using the calculated trajectory, a robot may move the
manufactured component with respect to the abrasive surface of the abrasive
device according to the determined path. Alternatively, a robot may move the
abrasive device with respect to the manufactured component according to the
determined path. And the positioning mechanism controls the position and
angle of the abrasive surface and the point of contact of the guide with respect
to the manufactured component using the determined position and angle along
the determined path.



of the abrasive surface with respect to the manufactured component. The operational parameters may
include a wear of the abrasive surface. For example, the thickness of the abrasive surface may be
reduced by wear. Thus, an operational profile (with wear) of the abrasive surface is taken into
consideration, instead on an ideal profile (without we#f), to determine at which position and angle the
abrasive surface is in contact with the exceeding added material on the manufactured component. The
operational parameters may also include specific characteristics of the manufactured component.
[0088]Although the present disclosure has been described hereinabove by way of non-restrictive,
illustrative embofIRf#ts thereof RReSRIGHAGAIMEARS niE3I8SEO R P8t RAMRATARY tie 8¥8pe of the
appended claimsiefifiout £l éparsiep froantihe cpitiardivakutesl ddbthrgapsasivdisclmig f thé WHAT IS

CLAIMED IS: 1. A0 agpayalys o Rinding addssmaispil i bise maaialen apapupctured

eviCe withou € .
component, the apparatus comprising: an abrasive device having an abrasive surface for removing

exceeding addedigisgABl die iejeding therapiikes ieaedh 1BA tidhmsbrasiverizurfare dd@sive surface
performing in opgrafipsSERREARN SRRLRRIured BEHIREXEH56. the-auas KB AeYICREpAAroviding a

plurality of contact points exceeding at least a portion of the abrasive surface; and a positioning
mechanism for cBftrdiif PRBLRR AR RAAGICbiRARRaVE LRS! AR SRIRSCESALHR of the guide
with respect to theam#aciaeitireshneeneso, theqesiiinaihdrieebamits@pidingustepedation the

abrasive surface-4iong 49 asion. diestion while maniaining.at leask one afghe plialiy.of contact
points of the guide’in tontact Wi € manufacturéd component. 2. The apparatus or claim 1, wherein a
section of a perifixsie tofthiecafuasiy extrcintOtheFabreathepsintadfetihep athe 160t b éotlesiting shapes:
elliptical, parabolig 5 AN BHMERESHARREface 110 and the point of contact of the guide 122

with respect to the manufactured component 150 is determined. As illustrated,

the position and angle of the abrasive surface 110 is modified by the presence

of the guide 122. The new position and angle ensures that at least one of the

plurality of contact points of the guide 122 is tangentially in contact with the

manufactured component 150, while at the same time a contact point on the

abrasive surface 122 is tangentially in contact with the manufactured

component 150. As illustrated, for a given point on the path 160, the tangential

contact point on the abrasive surface 122 is different without the presence of

the guide 122 (Figure 4B) and with the presence of the guide 122 (Figure 4C).

SYSTEM FOR PERFORMING THE BLENDING PROCESS

[0083] Figure 9 illustrates a system for performing the blending
process. The system comprises a computer 800 for calculating the trajectory
and a blending apparatus 850 for performing the blending process using the
calculated trajectory.

[0084] The computer 800 comprises a processor 802 for calculating
the trajectory based on a 3D model of the manufactured component stored in
an information storage device 804, also referred as the nominal profile. A user
may control the calculation of the trajectory by the processor 802 via a display
808 and a user interface 810. The computer 800 also includes a



3. The apparatus of claim 1, wherein the added material consists in welded material. 4. The apparatus of
claim 1, wherein the abrasive motion is opposite to the abrasion direction. 5. The apparatus of claim 1,
wherein the manufactured component is moved with respect to the abrasive device in the abrasion
direction. 28 6. The apparatus of claim 1 further confrising a force control mechanism for: applying
a force to the abrasive device when the abrasive surface is in contact with the manufactured component,

to allow the abrasive surface to remove the exceeding added material; and

transferring the force from

the abrasive device to the point of contact of the guide when the abrasive surface is in contact with the
base material, t¢°BRRVERIGHIP AL 8L AR IRbITaRTANTING the BARCHRA RN, BIRBdMaratus of claim
6 further comprisgipgagdiakcesgensor for: measuring the force applied to the abrasive device;

comparing the measured force to a predetermined value corresponding to a force applied to the abrasive
device when thel@88ative surfadd@andlignsiggiderparaiusontalt vilgiutesbase ¢pateviaicaiion  triggering

a transfer of the figree, HOBSER, ARIASIMA S IMdGRRMLl) e BHIdRyRRREBEBSHFAH GRS FquUal to the

predetermined value.

storage device 854 for storing the trajectory, and a processor 852 for
processing the trajectory and generating commands to positioning mechanism
including an orientation mechanism 862, an actuator 864, and a force control
mechanism 866. The blending apparatus 850 further comprises an abrasive
device / guide 868 (the guide is fixed to the abrasive device and the abrasive
device comprises an abrasive surface not represented). As previously
mentioned in the description, the position mechanism controls a position and
angle of the abrasive device / guide 868, according to the trajectory. The
actuator 864 controls an abrasive motion of the abrasive surface of the
abrasive device 868 (e.g. a rotational speed of the abrasive surface may be
varied according to the trajectory). The force control mechanism 856 controls a
force applied to the abrasive device / guide 868. The force control mechanism
856 may be coupled with a force sensor (not represented), as previously

mentioned in the description.

[0086] The system may also comprise a robot 880. The robot 880
receives the trajectory from the computer 800. In one embodiment, the robot
880 performs a movement of a manufactured component with respect to the
blending apparatus 850 along a path following an abrasion direction
determined by the trajectory. In another embodiment, the robot 880 performs a
movement of the blending apparatus 850 with respect to a manufactured
component along a path following an abrasion direction determined by the
trajectory. In this embodiment, the robot 880 and the blending apparatus 850

may be integrated in a single apparatus.

[0087] In another particular aspect, the positioning mechanism takes
into consideration operational parameters for controlling the position and angle



8. The apparatus of claim 1, wherein the positioning mechanism takes into consideration operational
parameters for controlling the position and angle of the abrasive surface, the operational parameters
including a wear of the abrasive surface, and specific characteristics of the manufactured component. 9.
The apparatus of claim 1, wherein a trajectory of the#brasive surface with respect to the manufactured
component is calculated by a computer, calculation of the trajectory comprising: determining the position
and angle of the abrasive surface, and determining which of the plurality of contact points are to be kept
in contact with the 29 manufactured component. 10. The apparatus of claim 9, wherein the trajectory is
calculated by proéeb&ndPERSHERIHES HEEsart iReeompaHenue SPRBRRMoMSrising a
representation objpleeatidded pardentabenchthay hasedsasenalad of Tive aqpatiigs afrtdasn Eowherein the
abrasive surface i)'(saa s%nqhtée{lt.lc 2.e'£he fatﬁg%rgrtué‘:‘vc’f é:lljarq% éL vgh reipet 18 eraabnufaecépr?gu%omponent
consists in a blade=18. A me Ho o bien g Added Materal With base matenal oA a manufactured
component, the atethperatiomatisiiglile (Wisherwgamgoh tikgebrgsofearsatieasivis stataoe iofan abrasive
device with respechifihaBRNHEeky &R SATRANBRYIe (HIFIEITWUER o Igeof finlselligh contact points

of a guide is to be kept in contact with the manufactured component along the tra'ectogl'
position and angle the abrasive surface is in contact with thé exceeding added

material on the manufactured component. The operational parameters may
also include specific characteristics of the manufactured component.

[0088] Although the present disclosure has been described
hereinabove by way of non-restrictive, illustrative embodiments thereof, these
embodiments may be modified at will within the scope of the appended claims
without departing from the spirit and nature of the present disclosure.



actuating the abrasive device; and controlling position and angle of the abrasive surface on the
manufactured component along the trajectory, while keeping the determined contact point in contact with
the manufactured component. 14. The method of claim 13, wherein the guide has a section of its
perimeter exceeding the abrasive surface having on&6f the following shapes: elliptical, parabolic or any
curvilinear shape. 15. The method of claim 13, wherein the added material consists in welded material.

30 16. The method of claim 13, wherein the abrasive surface performs an abrasive motion opposite to the
trajectory. 17. The method of claim 13, wherein_the manufactured component is moved with respect to the
abrasive surface according to the trajectory= T zlaim 13 further comprising: applying
a force to the abrasive device when the abrasive surface is in contact with the added material, to allow the
abrasive surface to remove the added material; and transferring the force from the abrasive device

when the guide ig in CoRtaGi WL e RIS BIRREaLIBRIEYERIEr ARFABNE:SIHRERAIOm rgmoving the

base material. .
manufactured component, the apparatus comprising:

an abrasive device having an abrasive surface for removing
exceeding added material and blending the added material with the
base material, the abrasive surface performing in operation an abrasive

motion;

a guide fixed to the abrasive device and providing a plurality of
contact points exceeding at least a portion of the abrasive surface; and

a positioning mechanism for controlling position and angle of the
abrasive surface and a point of contact of the guide with respect to the
manufactured component, the positioning mechanism guiding in
operation the abrasive surface along an abrasion direction while
maintaining at least one of the plurality of contact points of the guide in
contact with the manufactured component.

2. The apparatus of claim 1, wherein a section of a perimeter of the guide
exceeding the abrasive surface has one of the following shapes:
elliptical, parabolic or any curvilinear shape.

3. The apparatus of claim 1, wherein the added material consists in

welded material.

4. The apparatus of claim 1, wherein the abrasive motion is opposite to the

abrasion direction.

5. The apparatus of claim 1, wherein the manufactured component is
moved with respect to the abrasive device in the abrasion direction.



19. The method of claim 17 further comprising: measuring the force applied to the abrasive device;
comparing the measured force with a predetermined value corresponding to a force applied to the
abrasive device and the guide when the abrasive surface is in contact with the base material; and
transferring the force from the abrasive device whenfie measured force is equal to the pre-determined
value. 20. The method of claim 13, wherein operational parameters are taken into consideration for
controlling the position and angle of the abrasive surface, the operational parameters including a wear of
the abrasive surface, and specific characteristics of the manufactured component. 21. The method of

claim 13, whereifi the t/4]8 @BRR1atE8I1CLCRN dy HIHCESARPESHY AHISPAIRENRFGRRASRB component,

the 3D model comprisifg:a representation of the added material and the base material.

applying a force to the abrasive device when the abrasive
surface is in contact with the manufactured component, to allow the

abrasive surface to remove the exceeding added material; and

transferring the force from the abrasive device to the point of
contact of the guide when the abrasive surface is in contact with the
base material, to prevent the abrasive surface from removing the base

material.

7. The apparatus of claim 6 further comprising a force sensor for:
measuring the force applied to the abrasive device;

comparing the measured force to a predetermined value
corresponding to a force applied to the abrasive device when the
abrasive surface and the guide are in contact with the base material;

and

triggering a transfer of the force from the abrasive device and the

guide when the measured force is equal to the predetermined value.

8. The apparatus of claim 1, wherein the positioning mechanism takes into
consideration operational parameters for controlling the position and
angle of the abrasive surface, the operational parameters including a
wear of the abrasive surface, and specific characteristics of the

manufactured component.

9. The apparatus of claim 1, wherein a trajectory of the abrasive surface
with respect to the manufactured component is calculated by a
computer, calculation of the trajectory comprising: determining the
position and angle of the abrasive surface, and determining which of the

plurality of contact points are to be kept in contact with the
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manufactured component.

The apparatus of claim 9, wherein the trajectory is calculated by
processing a 3D model of the manufactured component, the 3D model
comprising a representation of the added material and the base

material.

The apparatus of claim 1, wherein the abrasive surface is a sand belt.

The apparatus of claim 1, wherein the manufactured component

consists in a blade.

A method for blending added material with base material on a

manufactured component, the method comprising:

determining a trajectory of an abrasive surface of an abrasive
device with respect to the manufactured component;

determining which of a plurality of contact points of a guide is to
be kept in contact with the manufactured component along the

trajectory;
actuating the abrasive device; and

controlling position and angle of the abrasive surface on the
manufactured component along the trajectory, while keeping the

determined contact point in contact with the manufactured component.

The method of claim 13, wherein the guide has a section of its perimeter
exceeding the abrasive surface having one of the following shapes:
elliptical, parabolic or any curvilinear shape.

The method of claim 13, wherein the added material consists in welded

material.
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The method of claim 13, wherein the abrasive surface performs an
abrasive motion opposite to the trajectory.

The method of claim 13, wherein the manufactured component is

moved with respect to the abrasive surface according to the trajectory.

The method of claim 13 further comprising:

applying a force to the abrasive device when the abrasive
surface is in contact with the added material, to allow the abrasive

surface to remove the added material; and

transferring the force from the abrasive device when the guide is
in contact with the base material, to prevent the abrasive surface from

removing the base material.

The method of claim 17 further comprising:
measuring the force applied to the abrasive device;

comparing the measured force with a predetermined value
corresponding to a force applied to the abrasive device and the guide
when the abrasive surface is in contact with the base material; and

transferring the force from the abrasive device when the
measured force is equal to the pre-determined value.

The method of claim 13, wherein operational parameters are taken into
consideration for controlling the position and angle of the abrasive
surface, the operational parameters including a wear of the abrasive
surface, and specific characteristics of the manufactured component.

The method of claim 13, wherein the trajectory is calculated by
processing a 3D model of the manufactured component, the 3D model
comprising a representation of the added material and the base

material.



