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ABRASIVE PROCESSING METHOD 

Field of the Invention 

The present invention relates to a method of processing a component such as an aerofoil for 

a gas turbine engine.  In particular, the present invention relates to a method of processing 

the surface of a component by abrading the surface. 5 

Background of the Invention 

It is known to process the surface of a component such as an aerofoil (e.g. a blade or vane) 

for a gas turbine engine by polishing or linishing to remove small amounts of material in 

order to obtain the required surface profile and/or finish.  This is typically carried out using a 

belt having an abrasive surface that is rotated on a wheel about an axis that extends parallel 10 

to the component surface whilst the abrasive surface is moved over and against the 

component surface along a continuous toolpath at a constant pressure.  The granular nature 

of the abrasive surface removes surface irregularities on the component surface as the 

abrasive surface moves over and against the component surface.     

Prolonged use of the abrasive belt gradually reduces the granular nature of the abrasive 15 

surface such that the effectiveness of the abrasive surface is gradually reduced.  This means 

that areas of the component surface that are processed during the early stages of the 

continuous toolpath of the abrasive surface are much more effectively processed (i.e. the 

desired level of material removal is achieved) than the areas of the component surface that 

are processed during the later stages of the continuous toolpath of the abrasive surface 20 

(where a lower level of material removal is achieved).  This can lead to an inconsistent 

surface profile/finish across the component surface. 

Replacing the abrasive surface as soon as its effectiveness is sub-optimal can significantly 

increase the processing cost. 

There is the need for a processing method that allows accurate control of the amount of 25 

material removal across an entire component surface even when the abrasive nature of the 

abrasive surface is sub-optimal.     
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Summary of the Invention 

In a first aspect, the present invention provides a method of processing a component surface 

by abrading the component surface using an abrasive surface, said method comprising: 

rotating said abrasive surface about an axis extending parallel to said component 

surface; and 5 

moving said abrasive surface or said component surface along a computer-

generated toolpath whilst applying a force between the abrasive surface and the component 

surface, 

wherein the force between the abrasive surface and the component surface is 

increased from a minimum force to a maximum force as the distance along the toolpath 10 

increases. 

By increasing the force between the abrasive surface and the component surface as the 

progress along the toolpath increases, the decrease in the granular nature of the abrasive 

surface caused by wear is compensated for by the increase in force between the abrasive 

surface and the component surface thus ensuring that the abrasive surface is capable of 15 

constant material removal across the entirety of the component surface.  This then allows 

accurate control of material removal across the component surface. 

Optional features of the invention will now be set out.  These are applicable singly or in any 

combination with any aspect of the invention. 

In some embodiments, the force between the abrasive surface and the component surface is 20 

increased linearly (at a constant rate) from the minimum force to the maximum force as the 

distance along the toolpath increases. 

In some embodiments, the force between the abrasive surface and the component surface is 

increased in a step-wise manner from the minimum force to the maximum force as the 

distance along the continuous toolpath increases. 25 

In some embodiments, the step of moving the abrasive surface or the component surface is 

carried out automatically either by moving the abrasive surface or by moving the component 

using a support e.g. computer-controlled robotic arm. 
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In some embodiments, the method comprises applying a force urging the abrasive surface 

towards the component surface or urging the component surface towards the abrasive 

surface. 

The support may also be adapted to apply the force urging the abrasive surface towards the 

component surface or the component surface urged towards the abrasive surface. 5 

In some embodiments, the force between the abrasive surface and the component surface is 

controlled by a pneumatic, hydraulic, mechanical or electrical compliance force system such 

as that provided by PushCorp, Inc.   

In some embodiments, the method further comprises modifying the feed rate (i.e. the rate at 

which the abrasive surface is moved relative to the component surface or the component 10 

surface is moved relative to the abrasive surface) to control the amount of material removed 

from the component surface.  By increasing the force between the abrasive surface and the 

component surface along the toolpath, constant material removal is possible even as the belt 

wears.  In some instances, constant material removal is not required i.e. some areas of the 

component surface may require less or greater amounts of stock removal.  The amount of 15 

stock removal can be accurately controlled by varying the feed rate (which is inversely 

proportional to the amount of stock removal).      

In some embodiments, the abrasive surface is provided on a belt and the method comprises 

rotating the belt on a wheel around an axis parallel to the surface of the component. 

In some embodiments, the component surface is a surface of an aerofoil for a gas turbine 20 

engine.  

The computer-generated toolpath may include, for example, a series of linear, parallel paths 

with the abrasive surface/component surface passing along adjacent parallel paths either in 

the same direction or in opposite directions.  

In some embodiments, the method further comprises a first calibration step comprising 25 

establishing the minimum force by moving the abrasive surface relative to the surface of a 

plate formed of a material substantially identical to the component surface whilst urging the 

abrasive surface towards the plate surface using a first force and measuring the amount of 

material removed, if necessary, adjusting the first force until the amount of material removed 

falls within a desired range and using the first force or adjusted first force as the minimum 30 
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force.  During this step, the speed of rotation of the abrasive surface about the axis 

extending parallel to the plate surface will be kept constant. 

In some embodiments, the method comprises a second calibration step comprising 

processing the plate surface by moving the abrasive surface relative to the plate surface 

along a toolpath whilst urging the abrasive surface towards the plate surface using the 5 

minimum force, detecting when the amount of material removal drops below the desired 

range and increasing the force by an amount necessary to increase the material removal to 

within the desired range, repeating the detecting and increasing steps until the tool path is 

complete and selecting the force in use at the end of the toolpath as the maximum force.  

During this step, the speed of rotation of the abrasive surface about the axis extending 10 

parallel to the plate surface will be kept constant. 

The values of the minimum and maximum forces can then be used during processing of the 

component e.g. during processing of the component, the force urging the abrasive surface 

against the component surface can be linearly increased at a constant rate from the 

experimentally determined minimum force to the experimentally determined maximum force. 15 

In a second aspect, the present invention provides an apparatus for processing a component 

surface by abrading the component surface using an abrasive surface, said apparatus 

comprising: 

an abrasive surface, said surface being rotatable about an axis extending parallel to 

said component surface; and 20 

a support for moving said abrasive surface or said  component surface along a 

computer-generated toolpath and for applying a force between said abrasive surface and 

said component surface, 

wherein the support is adapted to increase the force between the abrasive surface 

and the component surface from a minimum force to a maximum force as the distance along 25 

the toolpath increases. 

In some embodiments, the support is adapted to linearly increase the force between the 

abrasive surface and the component surface (at a constant rate) from the minimum force to 

the maximum force as the distance along the toolpath increases. 
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In some embodiments, the support is adapted to increase the force between the abrasive 

surface and the component surface in a step-wise manner from the minimum force to the 

maximum force as the distance along the continuous toolpath increases. 

The support may be adapted for supporting and moving the abrasive surface along the 

computer-generated tool-path.  The support may be adapted for urging the abrasive surface 5 

towards the component surface. 

The support may be adapted for supporting and moving the component surface along the 

computer-generated tool-path. The support may be adapted for urging the component 

surface towards the abrasive surface. 

In some embodiments, the support  comprises a computer-controlled robotic arm.In some 10 

embodiments, the apparatus further comprises a pneumatic, hydraulic, mechanical or 

electrical compliance force system (such as that provided by PushCorp, Inc.) for controlling 

the force between the abrasive surface and the component surface. 

In some embodiments, the apparatus further comprises a controller for modifying the feed 

rate (i.e. the rate at which the abrasive surface is moved relative to the component surface 15 

or the component surface is moved relative to the abrasive surface) to control the amount of 

material removed from the component surface.   

In some embodiments, the abrasive surface is provided on a belt.  The belt may be mounted 

on a tool having at least one wheel.  The tool may be provided on the support (e.g. on the 

robotic arm) or on a fixed mount e.g. the tool may be floor mounted. 20 

In some embodiments, the component surface is a surface of an aerofoil, e.g. a blade or 

vane, for a gas turbine engine.  

In a third aspect, the present invention provides an aerofoil for a gas turbine engine having a 

surface processed using the method and the apparatus of the first and second aspects. 

In a fourth aspect, the present invention provides a gas turbine engine having an aerofoil 25 

according to the third aspect.  
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Brief Description of the Drawings 

Embodiments of the invention will now be described by way of example with reference to the 

accompanying drawings in which: 

Figure 1 shows a graph of material removal against toolpath length, processing time and 

force.  5 

Detailed Description and Further Optional Features of the Invention 

Figure 1 shows a graph of material removal (in mm) against toolpath length (in m), 

processing time (in minutes) and force (in N) for a VSM XK760X p80 belt (3500mm long and 

25mm wide) running at a belt speed of 8.67m/s. 

In order to establish an appropriate force profile for the desired material removal (in this case 10 

between 0.1 and 0.12 mm), a flat plate formed of an identical material to the component 

surface was prepared. 

The VSM belt having an abrasive surface was mounted on a force compliance control 

system (provided by PushCorp, Inc.) on a robotic arm and the abrasive surface was moved 

against the plate at a constant belt speed (8.67m/s) and constant feed rate (64mm/s).  The 15 

amount of material removed was observed using an ultrasonic probe (although GOM or 

CMM could also be used).  The force between the abrasive surface and plate was noted. 

If the material removal was too great, the process was repeated at a lower force.  If the 

material removal was too little, the process was repeated at a higher force.  In this way, an 

initial force of 75N was determined as this gave the desired material removal. 20 

Next, the plate was processed with the abrasive surface moving along a toolpath and the 

amount of material removal was determined along the toolpath.  When the amount of 

material removal dropped below the desired range, the amount of force applied by the 

robotic arm was increased by an amount sufficient to increase the amount of material 

removal to back within the desired range.  In this case, it was found that an increase of 15N 25 

was needed after just under 4 minutes of processing time (or after a toolpath length of just 

under 15m). 
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This process was carried out along the entire length of the toolpath (60m in this case) and it 

was established that an increase of 15N was needed at equally spaced intervals (just under 

4 minutes processing time and just under 15m of toolpath length).   

After a processing time of 15.6 minutes and a toolpath length of 60m, the force was 

increased to 120N. 5 

This information was used to calculate a linear profile for the force increase as follows:  

• Total distance travelled by belt = belt speed (m/s) x time (s) = 8115.12 m 

• Total force increase = Maximum force – minimum force = 45 N 

• Change in force = 45/8115.12 = 0.0055 N per every metre of belt contact 

This linear force profile was then used to process a component using the VSM belt at a belt 10 

speed of 8.67 m/s.  The feed rate i.e. the speed at which the abrasive surface of the belt was 

moved over the component surface was varied throughout processing to take account of the 

material removal requirements.  When an increase in material removal was required, the 

feed rate was reduced and when a decrease in material removal was required, the feed rate 

was increased. 15 

As shown above, using the linear force profile experimentally determined for the VSM belt at 

a feed rate of 64mm gave a constant material removal of 0.1-0.12mm.  To double the 

material removal to 0.2-0.24, the feed rate would be reduced to 32 mm/s.  To half the 

material removal to 0.05-0.06, the feed rate would be increased to 128 mm/s. 

Accordingly, the force between the abrasive surface and the component surface can be 20 

controlled to result in constant material removal rate and the feed rate can be controlled to 

control the amount of stock removed over the component surface. 

To take account of the fact that the force profile is calculated using a flat plate and the 

component surface is typically contoured, a nominal liner force profile is calculated for a flat 

plate and this is then applied to the contoured component surface.  The material removal 25 

achieved with this nominal profile is observed and the gradient of the force profile is adjusted 

to take into account the observed material removal.  For example, the minimum force may 

be increased and the maximum force decreased to decrease the gradient of the linear force 

profile.    
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While the invention has been described in conjunction with the exemplary embodiments 

described above, many equivalent modifications and variations will be apparent to those 

skilled in the art when given this disclosure.  Accordingly, the exemplary embodiments of the 

invention set forth above are considered to be illustrative and not limiting.  Various changes 

to the described embodiments may be made without departing from the spirit and scope of 5 

the invention. 
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CLAIMS 

1. A method of processing a component surface by abrading the component surface 

using an abrasive surface, said method comprising: 

rotating said abrasive surface about an axis extending parallel to said component 

surface; and 5 

moving said abrasive surface or said component surface along a computer 

generated toolpath whilst applying a force between said abrasive surface and said 

component surface, 

wherein the force between the abrasive surface and the component surface is 

increased from a minimum force to a maximum force as the distance along the toolpath 10 

increases. 

2. A method according to claim 1 wherein the force between the abrasive surface and 

the component surface is increased linearly from the minimum force to the maximum force 

as the distance along the toolpath increases. 

3. A method according to claim 1 or 2 comprising moving the abrasive surface or the 15 

component surface automatically by moving the abrasive surface or the component surface 

using a computer-controlled robotic arm. 

4. A method according to any one of claims 1 to 3 comprising controlling the force 

between the abrasive surface and the component surface by a pneumatic, hydraulic, 

mechanical or electrical compliance force system.   20 

5. A method according to any one of claims 1 to 4 further comprising modifying the feed 

rate to control the amount of material removed from the component surface. 

6. A method according to any one of the preceding claims further comprising a first 

calibration step comprising establishing the minimum force by moving the abrasive surface 

relative to  the surface of a plate formed of a material substantially identical to the 25 

component surface whilst urging the abrasive surface towards the plate surface using a first 

force and measuring the amount of material removed, if necessary, adjusting the first force 

until the amount of material removed falls within a desired range and using the first force or 

adjusted first force as the minimum force. 
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7. A method according to claim 6 further comprising a second calibration step 

comprising processing the plate surface by moving the abrasive surface relative to the plate 

surface along a toolpath whilst urging the abrasive surface towards the plate surface using 

the minimum force, detecting when the amount of material removal drops below the desired 

range and increasing the force by an amount necessary to increase the material removal to 5 

within the desired range, repeating the detecting and increasing steps until the tool path is 

complete and selecting the force in use at the end of the toolpath as the maximum force.   

8. A method according to any one of the preceding claims wherein the abrasive surface 

is provided on a belt. 

9. A method according to any one of the preceding claims wherein the component 10 

surface is a surface of an aerofoil for a gas turbine engine.  

10. An apparatus for processing a component surface by abrading the component 

surface using an abrasive surface, said apparatus comprising: 

an abrasive surface, said surface being rotatable about an axis extending parallel to 

said component surface; and 15 

a support for moving said abrasive surface or said component surface along a 

computer generated toolpath whilst applying a force between said abrasive surface and said 

component surface, 

wherein said support is adapted to increase the force between the abrasive surface 

and the component surface from a minimum force to a maximum force as the distance along 20 

the toolpath increases. 

11. An apparatus according to claim 10 wherein the support is a robotic arm. 

12. Apparatus according to claim 10 or 11 wherein the support is adapted to linearly 

increase the force between the abrasive surface and the component surface from the 

minimum force to the maximum force as the distance along the toolpath increases. 25 

13. Apparatus according to any one of claims 10 to 12 wherein the abrasive surface is 

provided on a belt. 

14. An aerofoil for a gas turbine engine having a surface processed using the method 

and the apparatus of any one of the preceding claims. 
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15. A gas turbine engine having an aerofoil according to claim 14.  

 


