1 A METHOD FOR AUTOMATICALLY DETERMINING A FINISHING RECIPE OF A MANUFACTURED
COMPONENT TECHNICAL FIELD [0001]The present disclosure relates to the field of automated
manufacturing. More specifically, the present disclosure relates to a computer-implemented method for
automatically determining a finishing recipe of a mantifactured component. BACKGROUND
[0002]Automated manufacturing is widespread in multiple industries, including for example the automotive
industry, the aeronautic industry, etc. The use of computer-controlled manufacturing devices (e.g. robots)
instead of humans for performing specific manufacturing tasks has several advantages. For instance, a
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BACKGROUND

[0002] Automated manufacturing is widespread in multiple industries,
including for example the automotive industry, the aeronautic industry, etc. The
use of computer-controlled manufacturing devices (e.g. robots) instead of
humans for performing specific manufacturing tasks has several advantages.
For instance, a computer-controlled manufacturing device may be more
productive than a human for performing simple repetitive manufacturing tasks.
And a computer-controlled manufacturing device may be more effective than a
human for performing complex manufacturing tasks requiring a high level of

accuracy.

[0003] A specific type of manufacturing operation consists in
performing a finishing operation on a manufactured component at an
intermediate stage, in order to obtain a manufactured component at a final
stage. This finishing operation is performed by a dedicated finishing tool.
Blades are an example of manufactured components which may require a
finishing operation. Blades are used in the aeronautic or the energy industries,
and are critical components for these industries. Thus, very strict requirements
are applied to the shape of specific sections of a blade, like for example the
edge of a blade. Finishing operations, performed by dedicated finishing tools,
are usually necessary to obtain the final shape of the blade. Such finishing
operations include for example profiling and/or polishing.



2 [0004]The finishing tool may be operated by a human, or may be automatically controlled. For example,
the finishing tool may follow the surface of the component (or vice-versa), and remove a specific amount
of material from the surface of the component (the amount may vary based on the current position of the
finishing tool on the surface). However, the precision ®f the finishing operation may not be sufficient, and
a significant amount of rework may be needed, in order to comply with specifications of the finished
component. [0005]Furthermore, the finishing tool may be used to finish different types of components,
each having its own requirements. [0006]At the moment, a finishingprecipe for automatically controlled
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limitations. SUMMARY, of the finishing tool on the surface). However, the precision of the

finishing operation may not be sufficient, and a significant amount of rework
may be needed, in order to comply with specifications of the finished
component.

[0005] Furthermore, the finishing tool may be used to finish different

types of components, each having its own requirements.

[0006] At the moment, a finishing recipe for automatically controlled
finishing tool is obtained by successive trial and errors performed by one or
several operators, until a ‘good enough’ finishing recipe is obtained. The trial
and errors require operator and equipment time, and the finishing recipe is
appropriate as long as the components to be finished remain within a certain

range of variations.

[0007] Therefore, there is a need for a computer-implemented
method for automatically determining a finishing recipe of a manufactured

component, which overcomes the aforementioned limitations.
SUMMARY

[0008] According to a first aspect, the present disclosure provides a
computer-implemented method for automatically determining a finishing recipe
of a manufactured component. The method comprises receiving, at a
computer, a non-finished 3D model consisting in a 3D representation of the
manufactured component at a non-finished stage, and a finished 3D model
consisting in a 3D representation of the manufactured component at a finished
stage. The method further comprises processing, at the computer, the non-
finished 3D model and the finished 3D model to determine an initial finishing

recipe of one or more finishing tool(s). The finishing tool performs a finishing



[0008]According to a first aspect, the present disclosure provides a computer-implemented method for
automatically determining a finishing recipe of a manufactured component. The method comprises
receiving, at a computer, a non-finished 3D model consisting in a 3D representation of the manufactured
component at a non-finished stage, and a finished 3 model consisting in a 3D representation of the
manufactured component at a finished stage. The method further comprises processing, at the computer,
the non-finished 3D model and the finished 3D model to determine an initial finishing recipe of one or
more finishing tool(s). The finishing tool performs a finishing .3 operation according to the calculated initial
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manufactured component at a finished stage. The instructions further effect a
processing of the non-finished 3D model and the finished 3D model to
calculate an initial finishing recipe of a finishing tool. The finishing tool performs
a finishing operation according to the calculated initial finishing recipe on the
manufactured component at the non-finished stage, to obtain the
manufactured component at the finished stage. The computer program product
further compares the manufactured component at the finished stage with the
3D representation of the manufactured component at the finished stage, to
identify quantitative differences. The computer program product further applies
a convergence algorithm to the initial finishing recipe using the quantitative
differences to obtain a converged finishing recipe.

[0010] According to a third aspect, the present disclosure provides a
system for automatically determining and applying a finishing recipe of a
manufactured component. The system comprises a computer implementing

the aforementioned computer-implemented method for calculating a finishing



4 recipe. And the system comprises a finishing tool performing a finishing operation on the manufactured
component according to the calculated finishing recipe. [0011]According to a fourth aspect, the finishing
recipe comprises at least one of: a trajectory of the tool performing the finishing operation, and an
operational parameter of the tool performing the finisHing operation. [0012]According to a fifth aspect, the
finishing operation consists in one of: profiling, polishing, tri-blending, weld blending, and twist and bow.
[0013]According to a sixth aspect, the manufactured component consists in a blade. [0014]According to a
seventh aspect, measured characteristics of a manufactured component at the finished stage are

compared to corfeSREndig g AEEScSARRRFSIA SNRRMEaRAL AGHOIB ForfEHERiPhe finished

stage, and differepeegioeiveie inannertuetcchasanterisitcdanegtiethorcakptadntinidrangcteristics are
used to optimizergéclapgalculation of the finishing recipe.

[0011] According to a fourth aspect, the finishing recipe comprises at
least one of: a trajectory of the tool performing the finishing operation, and an

operational parameter of the tool performing the finishing operation.

[0012] According to a fifth aspect, the finishing operation consists in
one of: profiling, polishing, tri-blending, weld blending, and twist and bow.

[0013] According to a sixth aspect, the manufactured component

consists in a blade.

[0014] According to a seventh aspect, measured characteristics of a
manufactured component at the finished stage are compared to corresponding
characteristics of a model of the manufactured component at the finished
stage, and differences between the measured characteristics and the
corresponding characteristics are used to optimize the calculation of the

finishing recipe.
BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Embodiments of the disclosure will be described by way of

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

[0016] Figure 1 illustrates a computer-implemented method for
automatically determining a finishing recipe of a manufactured component,

according to a non-restrictive illustrative embodiment;

[0017] Figures 2A and 2B respectively illustrate a 3D model of a blade
and a profile of a section of the blade, according to a non-restrictive illustrative
embodiment;

[0018] Figure 3 illustrates a profiling of a blade by a finishing tool,

according to a non-restrictive illustrative embodiment;

[0019] Figure 4 illustrates a front elevation view of the blade of Figure



BRIEF DESCRIPTION OF THE DRAWINGS [0015]Embodiments of the disclosure will be described by
way of example only with reference to the accompanying drawings, in which: [0016]Figure 1 illustrates a
computer-implemented method for automatically determining a finishing recipe of a manufactured
component, according to a non-restrictive illustrative @mbodiment; [0017]Figures 2A and 2B respectively
illustrate a 3D model of a blade and a profile of a section of the blade, according to a non-restrictive
illustrative embodiment; [0018]Figure 3 illustrates a profiling of a blade by a finishing tool, according to a

non-restrictive illustrative embodiment; 5 _ _
2a, according to a non-restrictive illustrative embodiment;

[0020] Figure 5 illustrates a cross-sectional view of the blade of
Figure 4 as viewed from line A-A, according to a non-restrictive illustrative

embodiment;

[0021] Figure 6a to 6¢ illustrate a first pass of a trajectory for profiling
the section of the blade of Figure 5, according to a non-restrictive illustrative

embodiment;

[0022] Figure 7a to 7c illustrate a second pass of the trajectory for
profiling the section of the blade of Figure 5, according to a non-restrictive

illustrative embodiment; and

[0023] Figure 8 illustrates a system for automatically determining and
applying a finishing recipe of a manufactured component, according to a non-

restrictive illustrative embodiment.
DETAILED DESCRIPTION

[0024] 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.

TERMINOLOGY

[0025] The following terminology is used throughout the present
disclosure:

[0026] Profiling: milling an irregular profile.

[0027] Polishing: to smooth a surface by means of friction.

[0028] Tri-blending: machining of a junction between a foil and a

platform according to customer requirements.

[0029] Weld blending: removing of excess weld material to blend with



2a, according to a non-restrictive illustrative embodiment; [0020]Figure 5 illustrates a cross-sectional view
of the blade of Figure 4 as viewed from line A-A, according to a non-restrictive illustrative embodiment;
[0021]Figure 6a to 6¢ illustrate a first pass of a trajectory for profiling the section of the blade of Figure 5,
according to a non-restrictive illustrative embodiment®[0022]Figure 7a to 7c illustrate a second pass of
the trajectory for profiling the section of the blade of Figure 5, according to a non-restrictive illustrative
embodiment; and [0023]Figure 8 illustrates a system for automatically determining and applying a
finishing recipe of a manufactured component, according to a nonrestrictive illustrative embodiment.
DETAILED DESCRIPTION [00 28§ @%8E8bing and other features will become more apparent

[0030] Twist and bow: twisting and blending sections of a foil to

obtain a predetermined 3D shape.

[0031] The present disclosure relates to a computer-implemented
method for automatically determining a finishing recipe of a manufactured
component. The present disclosure further relates to a computer-implemented

method for dynamic optimization of a finishing recipe.

[0032] Reference is now made to Figure 1, which represents a
flowchart illustrating the present computer-implemented method. A non-
finished 3D model, consisting in a 3D representation of a manufactured
component at a non-finished stage, is received at a computer. A finished 3D
model, consisting in a 3D representation of the manufactured component at a
finished stage, is also received at the computer. Alternatively, the finished 3D
model could consist in a 3D representation obtained by means of
measurements of a manufactured component to be replicated, also sometimes
referred to in the industry as a “golden component”. Then, the computer
processes the non-finished 3D model and the finished 3D model, to calculate
an initial finishing recipe of a tool performing a finishing operation on the
manufactured component at the non-finished stage, to obtain the
manufactured component at the finished stage. The initial recipe is transmitted
by the computer to the finishing tool. The finishing tool performs the finishing
operation according to the initial recipe on the manufactured component. An
inspection system compares the manufactured component at the finished
stage with the 3D representation of the manufactured component at the
finished stage, to identify quantitative differences. The computer receives the
quantitative differences, and applies a convergence algorithm to the initial
finishing recipe with the quantitative differences to obtain a converged finishing
recipe. The convergence is done by modifications of the path and parameters
of a known recipe or a previously used recipe. The method continues by



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. TERMINOLOGY [0025] disclosure: [0026] [0027] [0028] The following terminology
is used throughout the present Profiling: milling an irrégular profile. Polishing: to smooth a surface by
means of friction. Tr-blending: machining of a junction between a foil and a platform according to
customer requirements.

iteratively using the converged finishing recipe for finishing subsequent
manufactured components, comparing the manufactured component with the
3D representation of the manufactured component at the finished stage to
identify quantitative differences, and applying the convergence algorithm to the
converged finishing recipe with the quantitative differences to optimize the
converged finishing recipe. Depending on the level of precision required of the
manufactured component and/or of the precision of the finishing tool and/or
predetermined tolerated quantitative differences, the present method may
repeat the inspection and convergence steps after finishing each manufactured
component, or after a certain number of finished manufactured components, or

a combination of both.

[0033] The non-finished 3D model is a theoretically perfect 3D
representation, which accurately complies with specifications of the
manufactured component at the non-finished stage. Similarly, the finished 3D
model is a theoretically perfect 3D representation, which accurately complies
with specifications of the manufactured component at the finished stage. Both
3D models may be generated by a Computer Aided Design (CAD) software
executed on the current computer, or on a different computer and transmitted
to the current computer. 3D representation can to both a virtual graphical

representation or to measurements obtained the system inspection device.

[0034] In a particular aspect, the calculated finishing recipe includes a
calculated trajectory of the tool performing the finishing operation. The
trajectory defines physical interactions of the finishing tool with the
manufactured component, when performing the finishing operation. For
instance, the manufactured component is held in a fixed position by a
supporting device, and the finishing tool is in movement with respect to the
manufactured component to perform the finishing operation. The movement of
the finishing tool is controlled by a processing unit, capable of interpreting the
calculated trajectory. The processing unit transforms the calculated trajectory
in effective movements of the finishing tool for performing the finishing



6 base material. [0030]Twist and bow: twisting and blending sections of a foil to obtain a predetermined
3D shape. [0031]The present disclosure relates to a computer-implemented method for automatically
determining a finishing recipe of a manufactured component. The present disclosure further relates to a
computer-implemented method for dynamic optimizaffon of a finishing recipe. [0032]Reference is now
made to Figure 1, which represents a flowchart illustrating the present computer-implemented method. A
non-finished 3D model, consisting in a 3D representation of a manufactured component at a non-finished
stage, is received at a computer. A finished 3D model, consisting in a 3D representation of the
manufactured cARPGHBAt 418 FRISHELPSHEGEGIORIHS FERESERATYROEBRBITEIONRETASEV A, the finished
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calculated by the present method, based on the non-finished and finished 3D
models. The feed of the rotating part determines the amount of material
removed from the manufactured component. Thus, by varying the feed, more
or less material is removed. By comparing the non-finished and finished 3D
models, a theoretical amount of material to remove is determined at a specific
position of the manufactured component. Then, algorithms and mathematical
equations are used to convert the theoretical amount of material to remove in a
corresponding feed. For example, the following equation may be used: feed =
Bias * Surface Feet Per Minute / area, where area is the theoretical amount of
material to remove. Another parameter may be the pressure to be applied by
the finishing tool. The amount of material removed is also dependent on the
applied pressure. Thus, having the theoretical amount of material to remove, a
corresponding pressure may be calculated. In some case it is possible that a

combination of parameters variation can be used.

[0037] In another aspect, the finishing operation consists in one of:



[0033]The non-finished 3D model is a theoretically perfect 3D representation, which accurately complies
with specifications of the manufactured component at the non-finished stage. Similarly, the finished 3D
model is a theoretically perfect 3D representation, which accurately complies with specifications of the
manufactured component at the finished stage. Both 8D models may be generated by a Computer Aided
Design (CAD) software executed on the current computer, or on a different computer and transmitted to
the current computer. 3D representation can to both a virtual graphical representation or to
measurements obtained the system inspection device. [0034]In a particular aspect, the calculated
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transformed by qracessing Ui iBdRRYPIRRRtHREDGdaGieRE RAKliap the drantiiRsied component.
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feed, more or less material is removed. By comparing the non-finished and finished 3D models, a
theoretical amoUREBHIREHERL FOTRABGRSs BRtWhithey HRighipe iRERRSTBY BEtISCRIANIRLtured
component. Thepsialgeréiprs @mndrstit@matical equations are used to convert the theoretical amount of
material to remove in a corresponding feed. For example, the following equation may be used: feed =
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parameters variaiipl/aa) P Ussitlal and/or converged) finishing recipe does not have the

proper quality. For example, the shape of the finished manufactured

component may not be within pre-defined tolerance margins.

[0040] One reason for having a finished manufactured component
without the proper quality is that the 3D models used for the finishing recipe
are not exactly identical to the real manufactured component at the finished
and non-finished stages. Another reason is that tool efficiency and precision
may vary over time, thus rendering precision of the manufactured component
more difficult to achieve. Finally, because of the large number of variables and
their dynamic relation, a static and predetermined finishing recipe is not
efficient.



9 profiling, polishing, tri-blending, weld blending, and twist and bow. However, the present disclosure is
not limited to these examples of finishing operations, but is applicable to any type of finishing operation,
for which a finishing recipe may be determined using the present method. [0038]In still another aspect,
the manufactured component is a blade used in the d8ronautic industry or other industries as the energy
industry. As previously mentioned, blades are critical components for these industries, with for example
strict requirements applied to the shape of specific sections of these blades. To comply with these
requirements, one or several finishing qperations@gncludi.ng for example profiling, polishing, tri-blending,
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manufactured component, Tor which a finishing recipe may be determingd using the présent method.
[0039]In yet anofiishirpoperiofirdshaidingdipéhadieishing desipthel peegelimirgiinodris)fiateer optimized.
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efficient.

[0042] More specifically, characteristics of a manufactured
component at the finished stage are measured, and compared to
corresponding characteristics of a model of the manufactured component at
the finished stage. Quantitative differences between the measured
characteristics and the corresponding characteristics are used to optimize the
algorithms(s) used for the calculation of the finishing recipe. For example, if
more material must be removed from a specific area, the feed factor can be
reduced for that area, resulting in an increase of the amount of material
removed. This process is repeated until the required quality is achieved when
applying the finishing recipe. The process may also be temporarily deactivated
when the required quality is maintained, and reactivated when the required
quality is not met.

[0043] In a particular embodiment, the measured characteristics of a
manufactured component at the finished stage are determined by an
automated inspection system. Various inspection technologies are known in
the art, and could be used independently or concurrently to measure the
model at the finished stage, such as for example laser inspection systems,

infrared inspection systems, mechanical inspection systems, etc.

[0044] This process may also be implemented during live production

of the manufactured components, to ensure constant quality even if external



[0041]The optimization of the finishing recipe uses a convergent optimization approach based on applying
finishing tests on manufactured components at the finished stage, obtained from a finishing tool
performing the finishing operation according to the finishing recipe. The optimization may take place in a
pre-production environment, to fine tune the initial finldhing recipe, before effectively starting a production
of the finished components according to the finishing recipe. The optimization may furthermore take place
in production environment, to dynamically adjust the converged finishing recipe so as to take into
consideration the quality of the manufactured components to be finished, the precision and use of the
finishing tool, enVRAMNESHEAPRRE LN fo G225 1RIGRRR G &lfigiencaratibRakiasiya WiRlfactured
component at theh&ragiwehstage sapmlivkasuce cthpone eorgaks romoirespendskg abssaitexstics of a
model of the magyfagred. companen at the.fnisfiedsiage. Quaniiaive diferences betyeen the
measured charactetisticsand the ¢orr sponding characteristics are used 1o optﬁmzeythe a?gorithms(s)
used for the calcagadoiatefithifigishidireeipearas exdie piisifingoiecipatdilexastita tbaseved from a
specific area, the, g AGI015a" ARfAGHGCIRINbATGR: I7aeliindl Ahinaisassiel s,gmount of

material removed. This process is repeated until the required quality is achieved when applying the
finishing recipe. W%%%%M%%%Wﬁl%ﬁ@&i%@wmﬂ% VS T GiMRI ARy i
maintained, and reaetiveRahwhearilifadesed edahpdine g olairind@D 434 a fpariiculeiemaodiment, the

measured characteris{ic of g manufactured .CO{’n{%onent at the finished s{a%e are determirhed by an
. Manufaciured componerits I|r{1| g Ranyeraehce correctia t?]etween eac
automated inspection system. Various inspection teéchnologres are kKnown in thé art, and could be used

independently onuamdesterely compeasoteatte model at the finished stage, such as for example laser
inspection systems, infrared inspection systems, mechanical inspection systems, etc. 11 variables
change over time. For example, the efficiency of the abrasive wheel, the efficiency of a polishing

component, etc{)&{mBmgﬁéﬁﬂgﬁﬁﬁﬁgeﬁ%ﬁ\ﬁwwwﬁﬂm 'oR E(il_jxﬁt@ents, algorithms are used to

reduce quality riSKS aSSOCI a real time change in INisAing recipe. For example, these

algorithms use gygyaged valuespl e rasired fORRFIBERIE R YRoATIG S BB 80YEAGHH e d

components instead of only one, put more weight on more recent manufactured components, eliminate

data from abnorfR nREndeiRiGredTEENBuHERSS [phitass dehRIRjliRgctRBrRiREB TS ATk ach

manufactured cappeneNwkEs! BXAMBAE Kt MV | Désoshdid Marfy Qi MREHBdb>oh BeADE [0045]An
example of a flnlglg@eq. rﬁ&'l%?vifr?gr Psr%f}]“rz]i grl L%j%oegg%%lllne a trajectory of the profiling tool

with respect to the edge of the blade.

[0046] The profiling operation consists in modifying the shape of the
blade, from an intermediate shape at a non-finished stage of the blade, to a
final shape at a finished stage of the blade. To be able to respect the required
final shape, a certain number of passes is needed. Each pass is defined by an
angle, and the angles of the passes determine the final shape. Higher the

number of passes, and more continuous the profile is.

[0047] A series of algorithms analyses a profile for each section of
the blade, to determine the number of passes for this section and the angles of
theses passes. The profile of a section of the blade is determined based on
the finished 3D model consisting in a 3D representation of the blade at a
finished stage. Figure 2a shows a 3D representation of a blade, which may
illustrate the 3D representation of the blade at a finished stage. Figure 2b

shows a profile of a section of the blade of Figure 2a, which may illustrate the



now be detailed. The finishing tool used for profiling the blade may be an abrasive wheel or a sand belt
moving perpendicularly along an edge of the blade. Following is an algorithm to determine a trajectory of
the profiling tool with respect to the edge of the blade. [0046]The profiling operation consists in modifying
the shape of the blade, from an intermediate shape dfa non-finished stage of the blade, to a final shape
at a finished stage of the blade. To be able to respect the required final shape, a certain number of
passes is needed. Each pass is defined by an angle, and the angles of the passes determine the final
shape. Higher the number of passes, and more continuous the profile is. [0047]A series of algorithms

analyses a profilrfieatinediads Jm@m, bRASRE iR AR FHIFTBFUNHSCEESRBPHRY section and

the angles of thesesa passife Sbetiprofii ihbatsadtion ekthablblaste isidetetvaleddeaseatingntthe finished 3D
model consistin%ieQ agqjlngsorgsegFe%Hoqoﬁfom% blsaede art]cgefinished stage. Figure 2a shows a 3D
representation o atgl'aJe, whlcsnpmay(lallustratthe 5 representation of the blade at a finished stage.

Figure 2b showsgoggfile of a sgcﬁigpé?é#(-:ﬁg)}q@gg ﬁ’ifé:&fé‘?nﬁiﬁa%ﬂ%? fhaYiilusyaigdhgadi? profile of the

blade. The number of passes for a speci rofile corresponding to a specific section of the blade is

established autofifiCAN QLA qiInGYS PERSIIIS Ak AS P s IO 3dGGeRReSIT0aB A first step
consists in a detpominadiantbé tbrdiestipasti feirereh Bdaokibe blate. oihds pAks isoitionlaied by
determining a Iir}%i%)as(s)mp a ?088{'”5 near th grllazldettip ﬁmd ttap]agrr]\tt t%trtlﬁesi t%&fe ﬂﬁe blatd%. The position
of this point is located on a orizontal e ?angen??oatheqﬁa e tip, at a prede 8hvined distdnce from the
profile. There is presigisimoiorakdistesic fdththe prditeeltherseiswoppnits anccdetesidinetiinge distance

between these tyyo Rojials {RGACHIBIRRibeAistSHRMa, BRDBNERE2BiRIEAl ARdA maximal value. |f

the distance falls outside theses limits, the two points are moved on the horizontal line, so that the
distance betweePAREBHRSRGHHAEGHId fifsRiElanescdfthie. hFwEpa: pAREIRSA tRFHEBassing at this

point and tangentdiadhé piefidistiioe hieusinsigdhrazepdstirscdge (i ABIA S arombsiep @onsists in a
determination Oft réek?ourpz]ctJJr(latEalPfline, so that the distance between the two points falls inside
theses limits. The first pass consists in a line passing at this point and tangent

to the profile without touching the opposite edge.

[0049] A second step consists in a determination of the number of
passes. The number of passes is determined by calculating the minimum
number of passes required to meet the following rules. An angle is calculated
between the first pass and a last pass. The last pass is tangent to the blade at
a specific height (e.g. where the profiling ends) without touching the other
edge. Depending on the profile requirement, a minimum delta angle between
two passes is set. The number of passes is the minimum number of passes
required to respect the minimum delta angle between two passes, having
determined the first and last passes, and the angles of the first and last

passes.

[0050] When the first pass, the last pass and the number of passes
are determined, a third step consists in determining the intermediate passes,
and their respective angles. Other algorithms are used for this purpose. For
instance, the angles of the intermediate passes are calculated by the
algorithms, in order to minimize the amount of material left on top of the
profile. For illustration purposes, three passes on each side of the profile of



passes. The number of passes is determined by calculating the minimum number of passes required to
meet the following rules. An angle is calculated between the first pass and a last pass. The last pass is
tangent to the blade at a specific height (e.g. where the profiling ends) without touching the other edge.
Depending on the profile requirement, a minimum dela angle between two passes is set. The number of
passes is the minimum number of passes required to respect the minimum delta angle between two
passes, having determined the first and last passes, and the angles of the first and last passes.
[0050]When the flrsth%ass the last pass and the number of passes are determined, a third step consists in

determining the IRRPALAIEIE [RRISSENGILIMEIPHR Fctive angles. Other algorithms are used for this

purpose. For |ns the angl oft edlat sses e Iculated b he al ltth in order to
minimize the am unt fmaten o?tc'a%% mﬁg SroFP 'Fer uns?E??tl %ﬂpolﬂ%'o és tﬁﬁé% pgsses on each

side of the proful@foqubla@ebfddbaﬂ@oréméerm eaicbigtee raripe03aFgonesedinstrafidben finishing tool
300 performing @%&EOQQB&% the 'Hlﬂ%e”?%@ B&Q%Q'B@t&?rﬂ%ﬁ%%ﬁée& Sﬁiﬁﬁrsf%@%ho%\?d'on of the

blade, execute the number ofﬁﬁgsses determined by the algorithms and follow the trajectory determined

by the algorlthm%ffréﬁé’w&f AR b HOSHIETS fih §36NFR) e £aSSELBa-6¢, and 7a-7c, the

profiling of a bla ording to,\a caI %1 rrﬁ%g] ra,_egb(? e\é\gllgb% é‘%rther gggllfc tIL%OSr%]fFlrgéJrq 4 illustrates a
front elevation vi w 57 the blade of

a blade according to a calculated trajectory will be further detailed.

[0053] Figure 4 illustrates a front elevation view of the blade of Figure
2a. For illustration purposes, a profiling operation on the upper edge 410 along
the section determined by line AA is further described.

[0054] Figure 5 illustrates a cross-sectional view of the blade of
Figure 4 as viewed from line A-A. A non-finished profile 510 and a finished
profile 520 are represented. The non-finished profile 510 represents a 2D
representation of a specific section of the blade at a non-finished stage. The
finished profile 550 represents a 2D representation of a specific section of the
blade at a finished stage. The non-finished profile 510 is extracted from a non-
finished 3D model (as illustrated in Figure 2a) consisting in a 3D
representation of the blade at a non-finished stage. The finished profile 520 is
extracted from a finished 3D model (as illustrated in Figure 2a) consisting in a
3D representation of the blade at a finished stage.

[0055] Figures 6a-6c illustrate a first pass of the profiling operation on
the specific profile of the blade represented in Figure 5. Referring to Figure 6a,
a tangent 610 to the finished profile 520, at a determined point of contact 620
with the finished profile 520, is calculated. The tangent 610 defines a point of
contact 630 with the non-finished profile 510, and an angle with a reference
vertical line 640. Referring to Figure 6b, a trajectory of a profiling tool 650 for
the first pass is illustrated. The trajectory corresponds to the tangent 610,
starting at the point of contact 630 with the non-finished profile 510. More

particularly, the trajectory could be following a sweep movement on various



2a. For illustration purposes, a profiling operation on the upper edge 410 along the section determined by
line AA is further described. [0054]Figure 5 illustrates a cross-sectional view of the blade of Figure 4 as
viewed from line A-A. A non-finished profile 510 and a finished profile 520 are represented. The
non-finished profile 510 represents a 2D representatitth of a specific section of the blade at a non-finished
stage. The finished profile 550 represents a 2D representation of a specific section of the blade at a
finished stage. The non-finished profile 510 is extracted from a non-finished 3D model (as illustrated in
Figure 2a) consisting in a 3D representation of the blade at a non-finished stage. The finished profile 520

is extracted fronPAHRAKHEH!IH THEHBI Ri8dh ALl Ry Ad 8ot IAMRifCaBD @B ntation of the
blade at a finished stage fiNIObSHadIsee Giohg itk sérajth g iivsispass dbihsrmpiibiliy g operiisn on the

specific profile ofthe blade represented, in Figure 5. Referring to. Fi .6a, a tangent 610 to the finished
orofe 550, at a BIGHIHY P Ao Peon Bl S o ae e B P R A e rangenn
610 defines a pdite tfstpaschasbeeitheréoradipistiedbiiig 510 6aAd an angle with a reference vertical

line 640. Referring to Figure 6b, a trajector_éqf a profiling tool 650 for the firstfp_ass is illustrated. The
trajectory corres!ﬁﬂﬁg to the tandBREB1E; duﬁﬁgaéfatﬂé%ﬂfi BecsEtesd6 g aReTRiRinished profile
510. More particotarhe Hpedliagsishile eduld kealas ovpngs arseerpMgave HERt vy iUBigldeportions of the

shown blade, or ¢ould, follow jectory normal to t rawing._sq as to.finish the blade algng its length
(not shown for STABCIS BebA ey MeRdaRe e AL A R S e
represented, afte2thwitinshpdisishad bedfepe?bris edl Gy ates prbfiiegseot 850 .deEsIRIgaiek 7a-7c

ilustrate a secong passaf#96 RiRfiling RRermigRepBASBSGTicRrafieRfisiblarrferigsented in Figure

5. Referring to Figure 7a, a tangent 710 to the finished profile 520, at a determined point of contact 720
with the finished &fiR B39 /A0 AIElfHi8E. 1§ oS geht e TBIeriRRe S TdBoRIPHING HRALBF] dOWith the

non-finished profite 8&80aapassasglr wihpiiséatrawenVe tgling g 46: Peiessadriawigpe 7b, a
trajectory of the grgrf]ilinag tooI,{ESc())]c f%reth second ath%oHId b(? (Fﬁr)erigen 'cul(?r to Fi(% re 7b,,or proceed in
efi

sweeps along a eng?h o*e[ﬂ\g—: blade shkc))va\l/n?ﬁwg trrzlijectory HGENe &(,a the angﬁ rEﬁesr{%lrting at the

point of contact 730,wstarting resntieisiedt wrofienX0. Réfemithgtte Fgartniaatieoredidtingtinished profile
510 is representpgdsaftar e SEEANT OAFR RS GRS MESRE BRORK BEPIOTLR IRk EF Oafldie initial finished

profile 750 (before the two passes) is also represented, to illustrate the material removed 760 by the
profiling tool 650N ﬁ%??al%&ﬂ%f@ﬁﬁié?ﬁﬁ@rf@@ﬁ)é’)’nﬁﬁrﬂfl?fd@% Kt fatior Be dnitial

finished profile 750 (before the two passes) is also represented, to illustrate the
material removed 760 by the profiling tool 650.

[0057] Additionally, the finishing recipe may include a calculation of a
feed of the profiling tool 650 (e.g. abrasive wheel or sand belt) based on a
determination of the amount of material to remove for each pass, as previously
described in the present description. For the first pass, the material to remove
is the material comprised between the tangent 610 and the non-finished profile
510, as illustrated in Figure 6a. For the second pass, the material to remove is
the material comprised between the tangent 710 and the non-finished profile

510, as illustrated in Figure 7a.

[0058] Several principles of the previous example illustrating the calculation of
the finishing recipe for the profiling of a blade may be generalized. In a
particular embodiment, the finishing recipe comprises a trajectory of the tool
performing the finishing operation, and the trajectory consists in several
passes of the tool, each pass consisting in a sub-trajectory of the tool



feed of the profiling tool 650 (e.g. abrasive wheel or sand belt) based on a determination of the amount of
material to remove for each pass, as previously described in the present description. For the first pass,
the material to remove is the material comprised between the tangent 610 and the non-finished profile
510, as illustrated in Figure 6a. For the second pass,'the material to remove is the material comprised
between the tangent 710 and the non-finished profile 510, as illustrated in Figure 7a. [0058] Several
principles of the previous example illustrating the calculation of the finishing recipe for the profiling of a
blade may be generalized. In a particular embodiment, the finishing recipe comprises a trajectory of the
tool performing tFRIGHRAHE0 Beraltriehd RNt RAHEBIRES SRR LRI AR ool, each pass
consisting in a sukybrtjentayusédhe wstmitecaheutaiendoy mbampuies desanathaprsstiay embodiment,
an optimization alig%riethmsi% eusegrtgoqgti{ﬁize feln (?fzoﬁhe\ rélérensber 8f lj%%sggglttgee a%b-troaquﬁtory of the
passes, or both fhe'humber or passes and the su -trajggtory of ife passes. IR aneHe? par?icular
embodiment, anpsssetzinianchgsrharioglaseabodipimnizaroortiorzaties algdishinishilsgirameters. In
still another partiguy SinRATEICHor SO Walrians andeko miAnashmerRligpnsising in a

3D representation of the manufactured component at a finished ?’rt?erlﬁ%g#at a calculated point of the finished
3D model. The tEARAYAERh&S SR HRFSIRMNHSF S8R AiRIRIS {68956 ARG 3D model

(consisting in a 3D 3epresentaitancdl dhenmamiativiaedeorppoesicdicanimshesesysiogied and the

finished 3D model, And the ta further defines a point of contact with the non-finished 3D model.
(00551Al0. a6 AL PR D B A (R e R e e finished

3D model to caldﬂf&t@@ﬁni@ﬁin@pmmpe ri@a;aimﬂod@@hﬁdcﬂﬁg Aok -fieostsesdi XD imalel 3}Ad a finished 2D
model from the GageseANding 3PMCHARIAUARILPEACES TSR SXIERRGH i RRR0SiSSS) Calgulate the

finishing recipe. [0060]Although an example of a finishing recipe has been detailed for the profiling of a
blade, other fini MG@E&%‘%@%&‘WB@M@E@H&% RPN AR B SffRIHEA IR to a blade,
or applied to othgfeypasfiafymedBiachoms. components. The principles of the method remain the same:
determine a finishing recipe based on the processing of the non-finished and finished 3D models of a
manufactured component, and optimize the finishing recipe based on the results of quality tests

performed on mmsg_]:tured com@@neﬁsmjgtaél[@j _twm@pb@gd_@@_ gmﬁhmg rpp@pgg_,iﬂ%lﬂgor example, in
the case of he polShingrel S35 0P SRIPIRRRRRST 45 RS9, “aRE ST iRy case of the
recipe may include extracting a non-finished 2D model and a finished 2D
model from the corresponding 3D models, and processing the extracted 2D

models to calculate the finishing recipe.

[0060] Although an example of a finishing recipe has been detailed
for the profiling of a blade, other finishing recipes may be designed for other
types of finishing operations applied to a blade, or applied to other types of
manufactured components. The principles of the method remain the same:
determine a finishing recipe based on the processing of the non-finished and
finished 3D models of a manufactured component, and optimize the finishing
recipe based on the results of quality tests performed on manufactured

components obtained by applying the finishing recipe.

[0061] For example, in the case of the polishing of a blade, the
determination of the finishing recipe is similar to the case of the profiling of a

blade, but the surfaces taken into consideration are different: foil, platform,



blade, but the surfaces taken into consideration are different: foil, platform, 16 fillet, for polishing; instead
of leading and trailing edges for profiling. [0062]Additionally, the finishing recipe may be determined with
respect to the complete manufactured component, of with respect to one or more specific features of the
manufactured component. The scope of the finishing!fecipe depends on the specific finishing operation to
be applied, and also on the specific type of manufactured component. [0063]Regarding the optimization
of the finishing recipe, in the case of polishing, tri-blending and weld blending, parameters may be
optimized using the feedback of the material removed versus the material to remove. To optimize surface

finishing, feedbaldi€rdAh BEES MR RIRRThEsadRe @r )RR S ¢ReaLPIRMiY case of twist and bow, a
table of force ve ist, and fprce.versus how,.may.be used. These tables are created. by
experimentationﬁggéﬁlﬁhe preggﬁﬁag%?gsua%ealg%'?ﬁ ¥es 162 com| utt%?-pqr%tgGrrénrﬁnSﬁ)d\GtcB for

automatically detespeaing drénispringjateciparuffacieediampeccodbngorgntesheatdmpoioprogram

product is delivefghyle \é}g&ﬁ@gg@ﬂ-{@@%kﬂﬁemﬁg@%g@é : éﬂgdiﬂj@_ng&%@mpq}p@tion links. The

computer program product comprises instructions for automatically determining a finishing recipe of a
manufactured cdifigBignieatRe HRRATESAR Breseeativpinspio grRerAPRSdGba RN ekerifed by a

computer, implegistbihehafesesiantypeast aramplaatatpiemeoteshinethod for automatically determining a
finishing recipe of a manufactured component. [0065]The present disclosure also relates to a system for
[0063] Regarding the optimization of the finishing recipe, in the case

of polishing, tri-blending and weld blending, parameters may be optimized
using the feedback of the material removed versus the material to remove. To
optimize surface finishing, feedback from a Surface Roughness Tester may
also be used. In the case of twist and bow, a table of force versus twist, and

force versus bow, may be used. These tables are created by experimentation.

[0064] The present disclosure also relates to a computer-program
product for automatically determining a finishing recipe of a manufactured
component. The computer program product is deliverable via computer-
readable media such as storage media and communication links. The
computer program product comprises instructions for automatically
determining a finishing recipe of a manufactured component. The instructions
of the computer program product, when executed by a computer, implement
the aforementioned computer-implemented method for automatically

determining a finishing recipe of a manufactured component.

[0065] The present disclosure also relates to a system for
automatically determining and applying a finishing recipe of a manufactured
component. The system comprises a computer implementing the computer-
implemented method for calculating a finishing recipe. And the system
comprises a finishing tool, performing a finishing operation on the
manufactured component according to the calculated finishing recipe.

[0066] Reference is now made to Figure 8, which illustrates a system



automatically determining and applying a finishing recipe of a manufactured component. The system
comprises a computer implementing the computer-implemented method for calculating a finishing recipe.
And the system comprises a finishing tool, performing a finishing operation on the manufactured
component according to the calculated finishing recipé. 17 for automatically determining and applying a
finishing recipe of a manufactured component. A computer 800 is represented in Figure 8. The computer
800 includes a processor 802, an information storage device 804 (e.g. a hard drive), and a
communication interface 806 F,rbgonnecte.d. to a local communication network and / or to a global

communication AREKTRECEHY ARISTTEDINSHAM,ARRMRSAARRIPE BCRROTLEMBMNEATH5EFam product for
automatically deterpoigha #istringutecipecofsaramposéattdred EQuoBeMts siorgmiartideinformation

storage device 804, The instructions oéé?e Corri'r%uo??nré%roorgrgtrc}t} grﬁ)dé;é:&igéeﬁ%?gted byhtaflwr(gj processor 802
atically !

(to implement th@%ggnepsutaeraﬁﬁ?grsnoén ed method for autom etermining a?i‘n%hing recipe of a

manufactured caifip@her&dThe cepmpuneripatighamnteddaet iSdelivethested ciompitdosal via the
communication igierfAGRISAR kAHEMNBHYEla 1T BidYobs dRbAFeshYiRAIPAYSICRERIIRIME Btlia not

represented in Figure 8). The computer 800 may also include a display 808 and a user interface 810, to
allow interactionS¥HRELIAE JPIHESSARIMINOTEH®nE) nd NeinFRRRHIRTPIRHERARY RIBIVTAEE may be

generated by a GAlrsafivativedexechigidga ditlifeigniccpvsiter (npiueiiessniethipdnigutress), and

transmitted to the corgpugﬁr 800 via its communi ationérat rface.806. | Some cases instead of using
stored 'in the intormation storage devic L ne mstrucﬁl’ons of ecomgy R
CAD 3D models, corresponding information can be obtain from inSpection by meéans e system

inspection devicergstaprofiteddnbnate gekdsutbrhdey. thee BORsREISER {tordaprethenhftirenation storage
device 804 and RiRRESRE YRR RIGEFRSMoBAB A ABlndtRE Heffgliﬁﬂmﬂ?r aGiRRnMiraapyely, the 3D
u

models may be generated on the computer 800, via CAD software executed by the processor 802. When

the finishing reci%ﬁé@l&:‘fﬂﬁ{&fqtqgrﬂ%ﬁ’%‘?ﬁﬁteﬁ% COMRSIRAE RIS § AU TERNRIRR Kion interface

806. [0068]The finisbingpigiet 350 ineluaescmprioarssiondhidricdrdosTatiomatiosigatdanicee304, a

communication thtlarface 806, an actua}tors 858. The.finist}inr% recipe.is received fr computer 800
. e{vered Vi 4, Bhysicd st rage .m&dla Ol TERIES ted in igure e
via the communication interface , and’stored in the information storage device 854. Thé processor
computer 800 may also include a display 808 and a user interface 810, to

allow interactions with users of the system.

[0067] The non-finished and finished 3D models may be generated
by a CAD software executed on a different computer (not represented in
Figure 8), and transmitted to the computer 800 via its communication interface
806. In some cases, instead of using CAD 3D models, corresponding
information can be obtain from inspection by means of the system inspection
device (ex: profiles from a golden blade). The 3D models are stored in the
information storage device 804 and processed by the processor 802 to
calculate the finishing recipe. Alternatively, the 3D models may be generated
on the computer 800, via CAD software executed by the processor 802. When
the finishing recipe is calculated, it is transmitted to a finishing tool 850 via the

communication interface 806.

[0068] The finishing tool 850 includes a processor 852, an information
storage device 804, a communication interface 806, and actuators 858. The
finishing recipe is received from the computer 800 via the communication
interface 856, and stored in the information storage device 854. The processor



18 852 interprets the finishing recipe and controls the finishing tool 850 in order to perform a finishing
operation according to the finishing recipe. For example, the processor 852 interprets a calculated
trajectory and transforms the calculated trajectory in effective movements of the finishing tool 850 via
actuators 858. [0069]An automated inspection systert$860 is also represented in Figure 8. The automated
inspection system 860 measures characteristics of manufactured components (not represented in Figure
8) at a finished stage (after the finishing tool 850 has performed the finishing operation according to the
finishing recipe). The measured characteristics are transmitted to the computer 800 via a communication
interface 866 of fins ARSRIEIEANALHRIIBA GrpsIaE e R daishind 8k §99 bRIFEIEP 800 compares
the measured chasdeteristitisisvithgcop@sjiondicgcrtimgetetissidmistirighresiyeb& stasgahiplitye information
storage device 804). Jne progessor 802 fydher proggsees ne diferences peesn ihe measured
characteristics anQ the Characteristics to 8|§t|mize e a@orlthm{sf GSEdTOr the CalcUIation of the finishing
recipe. Althoughadleytateskritalesiiguie efetiven aegerssdshofeiigbbnisbpavagobf Bfth-visstrictive,
illustrative embogdimemssteggeof, 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. 19 WHAT IS
CLAIMED IS: 1. jags9pputer-impleraeried @ tinegdoticiuisysiatic adyod rierzunegraduriaiing recipe of a
manufactured componert-iie MEtRAd CPMRKSIG: o </S8eAY ALA CmnYier g on:finished 3D model
consisting in a 3D Yepresentation Of the manuracture component at a non- iished age; receiving
at the computer aénisaeldr8D naoeledremsidiin iaesentedrésdngatiorBbfathe hitishddcal@gd component at

a finished stage; 4 the finishing tool 850 has performed the finishing operation according to
the finishing recipe). The measured characteristics are transmitted to the
computer 800 via a communication interface 866 of the automated inspection
system 860. The processor 802 of the computer 800 compares the measured
characteristics with corresponding characteristics (which may be stored in the
information storage device 804). The processor 802 further processes the
differences between the measured characteristics and the characteristics to
optimize the algorithm(s) used for the calculation of the finishing recipe.

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.



processing at the computer the non-finished 3D model and the finished 3D model to calculate a finishing
recipe of a tool performing a finishing operation according to the calculated finishing recipe on the
manufactured component at the non-finished stage to obtain the manufactured component at the finished
stage. 2. The computer-implemented method of claim®1, wherein the finishing recipe comprises at least
one of a trajectory of the tool performing the finishing operation, and an operational parameter(s) of the
tool performing the finishing operation. 3. The computer-implemented method of claim 1, wherein the

finishing operation consists in one of profiling, polishing, tri-blending, weld blending, and twist and bow. 4.
The computer-ir&ﬂmgiclaim 1, wherein the manufactured component consists in a blade.
5. The computer-implemented method of claim 1, wherein measured characteristics of a manufactured
component at the finished stage are compared to correspondingcharacteristics of amodel of the

manufactured compongnt @Hrﬂb%t@?jﬁﬁ'ﬁgrﬁ?rg@d aﬂ%mggr%pegl%w%ﬁYe REIM Fﬁ,qgcf@racteristics

and the corresponding 20 characteristics are used to optimize the calculation of the finishing recipe. 6.
The computer-implemd g e BIBeR? ' Falina a i @F BreshceERARERLIEE BRIPREEARIRIESHIGhe manufactured

component at the finished stargeea\yl% dea errr&inr%du%rag ag%gm%heed dif@)?oecgi(g)rﬂ g sgclas lh?..r']l'gle
computer-implemented methGe 6F Cidim , fHereis thentrajec{ory of the oo?perPormm thé finishing
operation consists in sélkergpessriatifrthef ttw, srchiisatisedrsiniprnent suls-trajedtashed the tool

calculated by the com@{%e.

receiving at the computer a finished 3D model consisting in a 3D

representation of the manufactured component at a finished stage; and

processing at the computer the non-finished 3D model and the
finished 3D model to calculate a finishing recipe of a tool performing a
finishing operation according to the calculated finishing recipe on the
manufactured component at the non-finished stage to obtain the
manufactured component at the finished stage.

2. The computer-implemented method of claim 1, wherein the finishing
recipe comprises at least one of a trajectory of the tool performing the
finishing operation, and an operational parameter(s) of the tool
performing the finishing operation.

3. The computer-implemented method of claim 1, wherein the finishing
operation consists in one of profiling, polishing, tri-blending, weld
blending, and twist and bow.

4. The computer-implemented method of claim 1, wherein the

manufactured component consists in a blade.

5. The computer-implemented method of claim 1, wherein measured
characteristics of a manufactured component at the finished stage are
compared to corresponding characteristics of a model of the
manufactured component at the finished stage, and differences
between the measured characteristics and the corresponding



8. The computer-implemented method of claim 5, wherein the sub-trajectory is a tangent to the finished
3D model at a calculated point of the finished 3D model, the tangent defining an angle with a reference
line common to the non-finished and finished 3D models, and the tangent defining a point of contact with
the non-finished 3D model. 9. The computer-impleméfted method of claim 5, wherein an optimization
algorithm is used to optimize one of: the number of passes, the sub-trajectory of the passes, and a
combination thereof. 10. A computer program product deliverable via computer-readable media such as
storage media and communication links, the computer program product comprising instructions for

automatically determinfii RHFILFHRS RIGpESEHalmh ARG L GRIBYRLRR tRht WANSRIted by a

processor effect: argeipeption of a non-finished 3D model consisting in a 3D representation of the
manufactured component at a non-finished stage; a reception of a finished 3D model consisting in a
3D representatidh of thEnmgaofadtaréapiempoieshmetizofingineaimtgeyherein thex peRssgsihg of the

non-finished 3D modelcﬁﬁqamgrfg@i@ggtﬁgmﬂ%éﬂﬁ;@&c&%ﬁ&]gm%i%rﬁm@%gfﬁat&ggp@rforming a

finishing operation according to the calculated finishing recipe on the 21 manufactured component at the

non-finished stage to oPRAFH RS AN B PaRRMIBRIRGICA TG Rished stage. 11. The computer
program product70f Claimelgd)WhStrgri—? th% Fri{leiﬁpeiggpre %lgg sem Iris S aﬁ I?ea}sttﬂg%rgfe%tgg'%qtory of the tool
performing the finishing opergﬂgn, anrg%peratlona parameter?ZTo 'the 160 perforrhlng e finishing
operation. 12. The conipet@oprsytermipgothectiafblagroperatibecinsistsfinishirmyad passtsnotonsists in one

of profiling, polishing, t;lenging Weld lendingidy shiyist BAFLRRWry of the tool calculated

by the computer.

8. The computer-implemented method of claim 5, wherein the sub-
trajectory is a tangent to the finished 3D model at a calculated point of
the finished 3D model, the tangent defining an angle with a reference
line common to the non-finished and finished 3D models, and the
tangent defining a point of contact with the non-finished 3D model.

9. The computer-implemented method of claim 5, wherein an optimization
algorithm is used to optimize one of: the number of passes, the sub-

trajectory of the passes, and a combination thereof.

10. A computer program product deliverable via computer-readable media
such as storage media and communication links, the computer program
product comprising instructions for automatically determining a finishing
recipe of a manufactured component that when executed by a
processor effect:

a reception of a non-finished 3D model consisting in a 3D

representation of the manufactured component at a non-finished stage;

a reception of a finished 3D model consisting in a 3D
representation of the manufactured component at a finished stage; and

a processing of the non-finished 3D model and the finished 3D
model to calculate a finishing recipe of a tool performing a finishing

operation according to the calculated finishing recipe on the



13. The computer program product of claim 10, wherein the manufactured component consists in a blade.
14. The computer program product of claim 10, wherein measured characteristics of a manufactured
component at the finished stage are compared to corresponding characteristics of a model of the
manufactured component at the finished stage, and differences between the measured characteristics
and the corresponding characteristics are used to optimize the calculation of the finishing recipe. 15. The
computer program product of claim 14, wherein the measured characteristics of the manufactured
component at the finished stage are determined by an automated inspection system. 16. The computer

program product of claMRR4faxiHERdincRBRAIER oA} dhthebTRFRLt #1295atCora& BaltlSgainst the tool

performing the finishingnapefationecossigis e seateral firaished efdfie tool, each pass consisting in a
sub-trajectory of the tool calculated by the computer program product. 17. The computer program product
of claim 16, wheidin théhsubomgeietopyagranapigductetiaiinidew3Eainode! tinishiaguégipd point of the

finished 3D model, the {gngpaLdefiniagiuhag's WIBAo 6reRS NS SRMMAY todAriSaRdinished and
finished 3D models, and the tangent defmln% a 22 point of contact with the non-finished 3D model. 18.

The computer progranPPRIALRE-0fARirAPEs2 eRRERMEHRz ot g PPN B M timize one of:
the number of passes, fihgsing-tisgestiory of the passes, and a combination thereof. 19. A system for
automatically determining and applying a finishing recipe of a manufactured component, the system
comprising: Fcompleercenpleieemingrédte qundustecimphinmeh@edwhetbiod tecldimshifigr calculating a

finishing recipe; and  gperation consists in one of profiling, polishing, tri-blending, weld

blending, and twist and bow.

13.  The computer program product of claim 10, wherein the manufactured

component consists in a blade.

14. The computer program product of claim 10, wherein measured
characteristics of a manufactured component at the finished stage are
compared to corresponding characteristics of a model of the
manufactured component at the finished stage, and differences
between the measured characteristics and the corresponding
characteristics are used to optimize the calculation of the finishing
recipe.

15. The computer program product of claim 14, wherein the measured
characteristics of the manufactured component at the finished stage are

determined by an automated inspection system.

16.  The computer program product of claim 11, wherein the trajectory of the
tool against the part or the part against the tool performing the finishing
operation consists in several passes of the tool, each pass consisting in

a sub-trajectory of the tool calculated by the computer program product.

17.  The computer program product of claim 16, wherein the sub-trajectory is
a tangent to the finished 3D model at a calculated point of the finished
3D model, the tangent defining an angle with a reference line common

to the non-finished and finished 3D models, and the tangent defining a



a finishing tool performing a finishing operation on the manufactured component according to the
calculated finishing recipe.

22

point of contact with the non-finished 3D model.

18.  The computer program product of claim 16, wherein an optimization
algorithm is used to optimize one of: the number of passes, the sub-

trajectory of the passes, and a combination thereof.

19. A system for automatically determining and applying a finishing recipe

of a manufactured component, the system comprising:

a computer implementing the computer-implemented method of
claim 1 for calculating a finishing recipe; and

a finishing tool performing a finishing operation on the
manufactured component according to the calculated finishing recipe.



