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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. 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 
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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 

cases, 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 

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 

[0005a] The invention is defined in the independent claims. Some 

optional features of the invention are defined in the dependent claims. 

[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 
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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 

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 



 4 

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 
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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 

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. 
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[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 
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profile, some missing base material 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 may 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. 
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[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, 
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while the over overextending portion may define a series of consecutive teeth 

or steps.   Alternatively, the guides 121 and 122 may be identical, and 

positioned similarly on each side of the abrasive surface 110. 

[0042] As the manufactured component to be refurbished may vary in 

sizes and shapes, it is preferable that the guides 121 and 122 define a 

perimeter which varies along its extension with respect to the abrasive surface 

110.  For example, the abrasive surface 110 could define a half circle, while 

the guide corresponds to a portion of an ellipse or a parabola.  The ellipse is 

particularly interesting as 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 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 
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with the manufactured component.  Thus, depending on the size of the 

abrasive surface 110, the size and shape of the nominal profile of the 

manufactured component, and the position and shape of 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 procure high precision blending of the added 

material without affecting the base material, but rather using the material of the 

manufactured component which corresponds to the nominal profile with a 

contact point on one of the guides as a reference point. 

[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 added material 302 may 

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 
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removal of all the exceeding added material 302, the abrasive surface 210 

performs an abrasive motion 360.  The abrasive surface 210 may move in a 

vertical movement 350 with respect to the manufactured component 300, or in 

a horizontal movement 352 (normal to the Figure). However as can be 

appreciated by those skilled in the art, precision of such an abrasive surface 

210 is very difficult to achieve, as the abrasive device moves along to remove 

the exceeding added material 302. 

[0047] Figure 5C represents a cross-section view of the manufactured 

component 300, the abrasive surface 210 and a guide 220. The guide 220 is 

fixed to the abrasive device (not represented in Figure 5C). A positioning 

mechanism (not represented in Figure 5C) controls the position and angle 340 

of the abrasive surface 210 and the guide 220 with respect to the 

manufactured component 300. In operation, the positioning mechanism guides 

the abrasive surface 210 along the abrasion direction 350 or 352 while 

maintaining a contact point 320 of the guide 220 either aft (for direction 350) or 

forward or parallel (for direction 352) of the abrasion direction 350 and in 

contact with the base material of manufactured component 300. A specific 

angle 340 of the of the abrasive surface 210 and the guide 220 with respect to 

the manufactured component 300 as illustrated in Figure 5C is different from 

an angle of the of the abrasive surface 210 without the guide 220 with respect 

to the manufactured component.  The angle 340 is calculated so as to ensure 

that one point the guide 220 remains in contact 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 
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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 contact 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 removed, pressure on the guide 220 prevents the 

abrasive surface 210 to get in contact with the base material of the 

manufactured component 300. Alternatively, as the guide 220 precisely guides 

removal of the added exceeding material to correspond to the nominal profile, 

the guide 220 may further be in contact with added material which corresponds 

to the nominal profile.  Although the angle 340 is shown as static on the 

example of Figure 5C, those skilled in the art will understand that the value of 

the angle 340 may vary during the blending operation, to adapt to the surface 

of the manufactured component 300, and the exceeding added material 302 to 

be removed. 

[0049] Figure 5D represents a cross-section view of the manufactured 

component 300, the abrasive surface 210 and 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. 
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[0050] The positioning mechanism controls the relative position and 

angle of the manufactured component and the abrasive surface 210 and guide 

220. The positioning mechanism may include for example a servo motor or any 

other positioning mechanism known in the industry.  In the context of the 

present apparatus and method, the positioning mechanism further ensures that 

a particular contact point of the guide(s) 220 is in contact with a particular 

position of the manufactured component corresponding to the nominal profile 

of the manufactured component, either being the base material or added 

material that has been blended and corresponds to the nominal profile.  

[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 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 



 14 

determined contact point ensures a precise guidance of the abrasive surface 

210 by the guide 220 along the trajectory. 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 along the trajectory defined by the abrasion direction 350 or 352, 

in order to remove the exceeding added material 302 from the manufactured 

component 300. 

[0054] The method comprises actuating the abrasive device. For 

example, as illustrated in Figure 5B, the abrasive surface 210 may be set in an 

abrasive motion 360 with respect to the abrasive direction 350 or 352.  

[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 



 15 

component with a convex cross-section. In this case, the position and angle 

need to be modified along the trajectory to allow proper removal of exceeding 

added material. 

[0057] Figure 6A represents a cross-sectional view of a manufactured 

component 400 with a convex profile, comprising base material 401, added 

material 403, and exceeding added material 402. The exceeding added 

material 402 has to be removed, and the added material 403 blended with the 

base material 401 for the manufactured component 400 to correspond 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. 
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[0059] The positioning mechanism (not represented in Figure 6B) 

controls the position and angle 440 of the abrasive surface 210 and the guide 

220 with respect to the manufactured component 400. In operation, the 

positioning mechanism guides the abrasive surface 210 along the abrasion 

direction 450 or 352 while maintaining a contact point 420 of the guide 220 

either aft, parallel or forward of the abrasion direction 450 and in contact with 

the manufactured component 400. The specific angle 440 allows the guidance 

of the abrasive surface 210 along the abrasive direction 450 and 

simultaneously the maintenance of the contact point 420 of the guide 220 in 

contact with the manufactured component 400.  The angle 440 is furthermore 

adapted if required upon displacement of the abrasive surface 210 on the 

manufactured component 400, so as to adjust to any change in the trajectory 

(either concave or convex trajectory), and to efficiently remove the added 

exceeding material 402.  For example, the positioning mechanism may keep 

the abrasive surface 420 to remove added exceeding material, and gradually 

change the angle 440, and in consequence the contact point on the guide 420, 

so as to remove a greater quantity and in a gradual manner of added 

exceeding material 402.  

[0060] Figure 6C represents a cross-sectional view of the 

manufactured component 400, the abrasive surface 210 and the guide 220, 

where the abrasive surface 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 
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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 added 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 material, while positioning one point 

of the guide on 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 
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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 455. 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 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  
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[0068] Referring to Figures 8A-D concurrently, the control of the 

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 abrasive 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 501, added 

material 503, and exceeding added material 502. The exceeding added 

material 502 is removed, and the added material 503 is blended with the base 

material 501, either following the trajectory 550, of following a trajectory 352 

which is normal to the cross-sectional view, and for which the abrasive surface 

210 and the guide 220 have to be rotated 90° clockwise with respect to the 

normal trajectory 352. 

[0070] Figure 8B represents a cross-sectional view of the 

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 
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base material 505. 

[0071] The positioning mechanism (not represented in Figure 8B) 

controls the position and angle 540 of the abrasive surface 210 and the point 

of contact of the guide 220 with respect to the manufactured component 500. 

In operation, the positioning mechanism guides the abrasive surface 210 along 

the abrasion direction 550 or 352 (depending on the position of the abrasive 

surface and the guide with respect to the manufactured component, while 

maintaining a contact point 520 of the guide 220 in contact with the base 

material 505 (or blended added material) of the manufactured component 500. 

The specific angle 540 allows the guidance of the abrasive surface 210 along 

the abrasive direction 550 or 352 and simultaneously maintaining the contact 

point 520 of the guide 220 in contact with the base material 505 of the 

manufactured component 500. The position and angle 540 of the abrasive 

surface 210 and the point of contact of the guide 220 with respect to the 

manufactured component 500 allows the abrasive surface 210 to remove the 

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 
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removal of the added exceeding material, and prevent removal of any base 

material or added material corresponding to the nominal profile. 

[0073] Figure 8D represents a cross-sectional view of the 

manufactured component 500, the abrasive surface 210 and the guide 220, 

where the abrasive surface 210 and the guide 220 have been moved along the 

trajectory at the same step as the one illustrated in Figure 8C. However, the 

angle 541 and the contact point 521 of the guide 220 with the manufactured 

component 500 have been adapted, to provide proper guidance of the 

abrasive surface 210 and proper removal of the exceeding added material 502. 

In particular, with the angle 541 and the contact point 521, the abrasive surface 

210 is in contact with the border 506 at a contact point 511, for complete 

removal of the exceeding added material 502. 

[0074] As already explained with respect to the manufactured 

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 
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[0075] Although the determination of the trajectory of the abrasive 

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] For 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 the trajectory, introducing some error in the blending process. 

[0077] Since the blending process is submitted to very tight 

requirements (no or almost no base material shall be removed depending of 

the requirements, all or almost all the exceeding added material shall be 

removed depending of the customer requirement), a force control mechanism 

may be used to compensate the aforementioned errors. The force control 

mechanism applies 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 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 
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[0079] Force control mechanisms (for alternatively applying a force to 

the abrasive device and to the guide) and force sensors (for measuring the 

force applied to the abrasive device) are well known in the art. Such known 

force control mechanisms and force sensors may be used in the context of the 

present disclosure (by example 6 degrees of freedom sensor can be used on a 

robot to adapt is path to respect the required force or moment). 

 

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 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. 
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[0082] The calculation of the trajectory may be performed in two 

steps. In a first step, the trajectory is calculated for the abrasive surface of the 

abrasive device without the presence of the guide. The first step is illustrated in 

Figure 4B. The trajectory comprises the path 160 of the abrasive surface 110 

with respect to the manufactured component 150. For each point of the path 

160, the position and angle of the abrasive surface 110 with respect to the 

manufactured component 150 is determined. The second step is illustrated in 

Figure 4C. The trajectory is modified to take into consideration the guide 122 

fixed to the abrasive device 100. For each point of the path 160, the position 

and angle of the abrasive surface 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 
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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 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 
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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 wear), 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 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. 
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WHAT IS CLAIMED IS: 

 

1. An apparatus for blending added material with base material on a 

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, the abrasive surface defining a substantially circular shape 

along an extremity of the abrasive device; 

a guide fixed to perpendicular to the abrasive surface and 

providing a plurality of contact points exceeding at least a portion of the 

abrasive surface, the guide having a substantially elliptical shape 

defining a center, the center of the guide being positioned at a center of 

the circular shape 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,  

wherein the substantially circular shape defines a half circle. 

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

welded material. 

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

abrasion direction. 

4. The apparatus of claim 1, wherein the manufactured component is 

moved with respect to the abrasive device in the abrasion direction. 
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5. The apparatus of claim 1 further comprising 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, to prevent the abrasive surface from removing the base 

material. 

6.       The apparatus of claim 5 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. 

7. 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. 

8. 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.  

9. The apparatus of claim 8, 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. 

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

11. The apparatus of claim 1, wherein the manufactured component 

consists in a blade. 

 


