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Abstract 

This finishing Master Thesis Work is a part of a new development project “Robust Automated 
Deburring” for precision deburring of compressor-and turbine discs.   
The purposes for the project is together with suitable partners demonstrate an automated 
system together with sensors for deburring not well-positioned surfaces. The edge break is 
now done partly manual because of robots limitation in achieving the required quality and 
accuracy.  A typical edge breaking requirement is 0, 38-0, 76 mm on discs.   
 
Aero engine components are often exposed to high stress levels and vibrations during 
operations. Burrs and sharp edges on these components can lead to edge cracking and 
component failure. So therefore removal of burrs and creating rounded edges is necessary.   
 
Sensors can be used as a helping tool managing the problem with removing burrs that you 
with certainty not can define the size of, at the same time edge position varying.  
General there are four problems VAC wish to solve: 
1. Robots have bad path following. 
2. The position on the edges deviates from component to component. 
3. Size of the burrs (root thickness) is varying. 
4. Work hardening of material and burrs is different from component to component. 
 
This project demands an overall solution for a system that can work integrated together and 
within VAC tolerances. Example for sensor systems: laser triangulation, vision system, force 
control or compliance in combination with some kind of sensor.  
 
A matrix is made with suitable contractors listed together with systems. From there, 
interesting contractors been contacted and sent a project description together with a picture of 
a test piece. 
The test piece is a scrapped compressor blade with the reversed image of a dovetail slot. The 
intension for the contractors is to demonstrate a deburring system that can create a perfect 
robot path on the blade root area. The blade will then be moved in 3 dimensions and the robot 
system should take care of the deviations and create a similar robot path within the edge break 
requirement.  
 
Since these experimental tests unfortunately become postpone is there no definitely results to 
point at in this report before the tests have been performed.   
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Sammanfattning 

Föreliggande examensarbetet är en del av ett nystartat utvecklingsprojekt “Robust 
Automatiserad Gradning” för precisionsgradning av kompressor- och turbinskivor. 
Syftet med projektet är att tillsammans med lämpliga partners kunna demonstrera ett system 
som med hjälp av sensorer kan robotgrada ytor som ej är välpositionerade. Kantbrytningen 
görs numera delvis manuellt pga. av robotars begränsningar att erhålla önskvärd noggrannhet 
på kantprofileringen. Ett typiskt kantbrytnings krav är 0, 38-0, 76 mm på skivor.  
 
Flygmotorkomponenter utsätts ofta för höga spänningsnivåer och vibrationer under drift. 
Grader och skarpa hörn på dessa komponenter kan leda till sprickbildning och fortsättningsvis 
även efterföljande brott. Därför är borttagning av skarpa hörn och grader nödvändigt.  
Sensorer kan användas som hjälpmedel för att lösa problem med att avlägsna grader som man 
med säkerhet inte kan definiera storleken på, samtidigt som kantens position varierar. 
Generellt är det fyra problem som VAC önskar lösa:  

• Robotens dåliga banföljningsegenskaper 
• Positionen på kanten avviker från komponent till komponent.  
• Storleken på graden (rot tjockleken) varierar.  
• Deformationshärdning av grader skiljer sig från komponent till komponent.  

 
Detta projekt kräver alltså en helhetslösning av ett system som arbetar integrerat och inom 
VAC toleranser. Sensorik system som kan användas kan till exempel vara: laser triangulering, 
vision, kraftsensorik eller eftergivlighet i kombination med någon slags sensor.   
 
En matris har gjorts där lämpliga partners har listats tillsammans med lämpliga system, 
därifrån har intressanta partners kontaktats och skickats en projektbeskrivning tillsammans 
med bild på ett provstycke.  
Provstycket är ett kasserat kompressor blad med spegelbilden av ett skovelspår från en 
kompressorskiva. Syftet för partnerna är att demonstrera ett gradsystem som kan skapa en 
perfekt robot bana på bladrotområdet. Bladet ska sedan kunna flyttas i 3 dimensioner och 
robotsystem kunna ta hand om avvikelserna och skapa en liknade robotbana inom kantkravet.  
 
Eftersom dessa experimentella tester tyvärr blivit senarelagda finns inga klara resultat att peka 
mot i denna rapport innan testerna utförts.  
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1.0 Introduction 

1.1  Background 

Deburring is an essential step in any machining operation. It is important for quality and 
functionality. It is also important for safety. Even a small notch can cause rotating 
components to failure, injury or unnecessary delays in production. Burrs arise at many 
different cutting processes, such as drilling, milling, turning and grinding.   
 
Aero engine components are often exposed to high stress levels and vibrations during 
operation. The presents of burrs and sharp edges on these components can lead to edge 
cracking and subsequent component failure. Therefore the removal of burrs and the creation 
of rounded edges are necessary.  
 
Volvo Aero Corporation is starting a new development project “robust automated deburring”, 
for precision deburring compressor-and turbine discs (see figure 1). This is now done partly 
manual but Volvo believes that in the future there will be requirements that all critical areas 
for rotated components should be deburred automated. 
The application of robotics for deburring and edge profiling has been limited by the 
difficulties in achieving the required degree of quality. A typical edge breaking requirement is 
0, 38-0, 76 mm on discs, which means that the edge should be breaked within the tolerances.   
 
General there are four problems VAC wish to solve: 
1. Robots have bad path following. 
2. The position on the edges deviates from component to component. 
3. Size of the burrs (root thickness) is varying. 
4. Work hardening of material and burrs is different from component to component. 
  
Likely a combination of sensors must be integrated into the system.  
 

 
 
 
 
 
 
 
 
 

Figure 1: Disc HPC 
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1.2  Purpose and goal 

This master thesis work is a part of the new development project “robust automated 
deburring”, where the purpose is together with suitable partners demonstrate an automated 
system for deburring not well-positioned edges. 
 
This thesis works consist of: 

• Literature study 
• Analysis of possible systems 
• Market Analysis of possible contractors 
• Experimental tests with possible contractors 
• Suggestion to continued work  

1.3  Limitations 

The focused has been an industrial robot as a helping tool and concentrated on compressor-
and turbine discs 

1.4 Method 

Thesis work began with a literature study of the subject. The work then continued searching 
information about different sensor systems interesting for this project. Also the market was 
scanned after interested contractors for collaboration with Volvo Aero. 
First week at Volvo also gave the opportunity following the manual deburring, this to create a 
better understanding for the complications of deburring. 
Interested contractors were contacted and send a project description describing a potential test 
piece.   

1.5 Volvo Aero Corporation 

Volvo is one of the leading manufacturers of heavy commercial vehicles; marine and 
industrial power systems and components for the aircraft industry. 
Volvo Group consists of: Volvo Aero, Volvo Trucks, Volvo Buses, Volvo Construction 
Equipment, Volvo Penta and Volvo Financial Service. The Group currently employs about 
82.000 people and recorded sales of approximately SEK 230 billion in 2005. 
The Volvo share is traded on the stock exchange in Stockholm and on NASDAQ in the USA 
[3]. 

Volvo Aero is an affiliated company to AB Volvo with about 4000 employees. VAC develop 
and manufacture high-technology components for aircraft-, rocket- and gas turbine engines, in 
cooperation with the leading engine manufacturers [3].  

VAC consists of three different areas:  
• Engines, which develops and manufactures components for commercial/military 

aircraft and space propulsion subsystems. 
• Aviation Service, leader provider of aftermarket services in the aviation industry.  
• Engine Service, provides multiservice solutions for operators of turbo engines for 

commercial passenger aircraft [3].   
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2.0 General Theory 

2.1 What is deburring?   

2.1.1 Definition 

Knowledge of burrs is important for understanding the problems within this project. A burr is 
defined as a plastic deformed material caused by cutting preparations. 
It can be a sharp and irregular, stuck hard or lightly hanging or a little accumulation of 
swollen materials. 

Burrs are fragment of metal stuck on the surface after machine-finished, clenching or cutting. 
At edges the burr is a thin ridge/cam along an edge, elevated over the components general 
contour. (See figure 2, the burrs on the figure are excessive to be visible) [1] 

 

 

 

 

 

 

Figure 2: Types of burrs [1]  

2.1.2 How burrs arise 

In theory a machine processed surface without burrs directly can be sent to the station 
intended. In practical it is different [12]. Burrs arise at different cutting processes, such as 
drilling, turning, milling and grinding. Often burrs arise at edges of the components and are to 
a certain extent dependent on unfinished ship forming caused by materials weakness of resist 
shearing forces. Form of the burr is affected by manufacture method and tooling conditions 
(see figure 3).  

 

 

 

 

 

Figure 3: burr length and thickness [7] 
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A special station for deburring is necessary before the component can be sent to next coming 
station. Other reason why deburring stations is necessary depends on the quality of material, 
condition of the tool and quality of the component [12].  

Consequence with burrs is reduced quality of the product. Deburring is therefore necessary to 
improve quality and prevent injuries rises because of sharp edges [1]. 

2.1.3 Why do we deburr? 

Deburring is a general term for removal of sharp edges produced by manufacturing 
processes. Removal of sharp edges and burrs are dedicated for:   

• Eliminate possibilities of fatigue failure dependant by stress concentrations caused by 
sharp edge or an insufficient big radius.  

• Removal of loosen or adhering burrs that can cause some failure of the component. 
• Facilitate handling and improvement of surface. 
• Facilitate handling of component without risks for injuries such as cuttings.  

 
The appearance of burrs is material-and process dependent and all materials has characteristic 
burrs. When drilling in nickel alloyed materials different types of burrs arises, mostly 
uniformed burrs (see figure 4) [1]. 

 

Figure 4: Crown burr, uniform burr with closing, uniform burr [1] 
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2.2 Classifications of burrs  

There is no international specification describing the size of the burr. The classification 
described here is presented by Weiler Corporation. Purpose with classification is quantified 
describe difficulties with deburring [2].  
There are two factors affecting the problems:  

• Rot thickness of the burr 
• Work hardening of the burr (caused by incorrect cutting parameters or by blunt cutting 

tools when machine-finishing). 

2.2.1 Class 1 

Micro burrs that only can be observed with magnification. Without magnification the burr is 
imagine as a sharp edge. Usually caused by grinding (see figure 5).  

 
Figure 5: Class 1 burr [2] 

2.2.2 Class 2 

Small micro burrs that clearly is visible without magnification and characterized by extremely 
thin rot thickness. These burrs simply remove by picking at the burr with some kind of tool 
(see figure 6).    

 
Figure 6: Class 2 burr [2] 
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2.2.3 Class 3 

The burrs is stuck hard, but still fairly small, has a thin rot thickness. 
Possible removing the burr, but a great force of action has to be brought to succeed (see figure 
7). 

  
Figure 7: Class 3 burr [2] 

2.2.4 Class 4 

With resemblance to class 3, the burr is stuck hard. Preliminary differences are the rot 
thickness or the hardness of the burr. This type of burr is impossible removing without any 
form of cutting tooling (see figure 8). 

  
Figure 8: Class 4 burr [2] 

2.2.5 Class 5 

These burrs are large with a thick inflexible rot. This kind of burr is different compared with 
conventional burrs because they consist of solid metal which the cutting tool pushes in front.  
Usually caused by incorrect or worn out cutting tools or incorrect parameters. Removal of 
these burrs requires cutting tooling (see figure 9).  

 
Figure 9: Class 5 burr [2] 
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2.3 Deburring with robot 

Programming of robot movements is dependent on the complexity of the component; complex 
components require significant programming time to achieve acceptable robot paths. When 
implementing robotic deburring, the benefit is flexibility.  
Deburring with industrial robots place special requirement compared with robots that work 
within more traditional functions like material handling and welding. An industrial robot 
needs to have a high stiffness to be able handling process forces. Also the deflection on the 
robot structure should be minimal to provide a good path and positioning accuracy. The path 
and positioning accuracy gets better with a smaller and limited working area.  
 
An industrial robot should also have the capacity handle the end effectors load. The maximum 
handle weight for the robot must be enough high so that the equipment does not limit the 
capacity of the robot. Number of moving axis is dependent on how complicated the 
geometries are and the spindle, six degrees of freedom is required in our application [10].  
 
The largest limitation of this project is the accuracy of the robot. The edge break requires high 
accuracy and good path following. For a robot to generate a path exactly equivalent to the 
component edge makes it difficult for the deburring operations to meet overall quality goals  

2.4 Accuracy of sensors 

VAC stands a high demand for the whole integrated systems accuracy, both the robot and 
together with sensors.  
The accuracy of a sensor is simply a measurement of the difference between a sensors reading 
and the actual distance measured. Accuracy is affected by temperature, target reflectance or 
ambient light.   
Accuracy includes some of the following sources of error: 
 
Repeatability 
Sensors ability to consistently reproduce the same output signal for repeated application of the 
measuring. 
It is a factor that varies with different methods of sensing the measuring [16].  
 
Resolution 
The smallest change in distance that a sensor can detect, usually a smaller value than the 
accuracy error.  
The resolution is less important and not very relevant [16].  
 
Hysteresis 
The difference in output from a sensor when a value of the measuring is approached from the 
low and the high side. 
Hysteresis often occurs when a sensing technique relies on the stressing of a material such as 
strain gauged metals, and would have a worst case value of 0.2% for a low-cost device [16].  
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3. How an engine work 
 
What makes an air plane able flying in theory depends on the principal of reaction. The 
principal was founded by Isaac Newton and he’s third law says: “Against every acting force 
(force of action) always responds an equal counter force (force of reaction)” [4]. 

3.1 Turbo jet engine 

Air arrives thought the air inlet and is compressed in the compressor. The fuel is added in the 
fuel chamber. The gas of combustion expands over the turbine and makes it begin to rotate. 
Hence the turbine runs the compressor.  
Residual energy in the combustion gas accelerates out through the exhaust unit and generates 
a force of reaction that we call propulsion [4].  
 
There are several types of turbo jet motors, but all of theme contains compressor, combustion 
chamber and turbine (see figure 10).  

 

 

 

 

Figure 10: Jet engine [4] 
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3.2 The compressor 

The compressor shall provide the combustion chamber with compressed air. The affectivity of 
the engine process increases with increasing pressure ratio over the compressor; this gives 
lower specific fuel consumption. It is easiest to accomplish this with an axial compressor.   
The air accelerates in the rotor part of the compressor and in the stator part this kinetic energy 
transforms to statically pressure energy.  Material that is used in the compressor is: 
aluminium, titanium or steel and nickel alloys. There are two different types of compressors: 
Axial-or radial compressors [8].  
 
Demands on a compressor: The compressor should manage: 

• Low weight • Centrifugal forces 
• Small front area • Flexural stresses 
• Continuous air flow  • Endurance stresses 
• Good coefficient of utilization • High temperatures/pressures 

 
 
Radial compressor 
Consist of an impeller, diffuser and a compressor casing with air distributor. Of the total 
increase of pressure in the compressor, 50% occur in the impeller and the rest in the diffuser 
[8].  
  
Advantage: Disadvantage: 

• High increase of pressure/ stage • Large front area 
• Simple and cheap construction  • Can be built in max 2 stages because 

of the efficiency. 
• Less sensitive for external forces  

  
Axial compressor 
Consist of a compressor rotor and a compressor casing. The compressor consists of a number 
of compressor stages. A compressor stage consists of an impeller ring with subsequent guide 
vane rings [8]. 
 
Advantage: Disadvantage:  

• Can be built in several stage  • Low pressure increase/stage 
• Can achieve high total of πk • Pump sensitive 
• Small front area • Complicated and expensive 

 
 
 
 
 
 
 
 
 
 
 
 

• Sensitive for external forces 
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3.3 The turbine 

The turbine shall convert some of the energy from gases of combustion into mechanical work 
to deviate the compressor.   
The energy conversion takes place through expansion from low speed and high pressure.  
The number of turbine stages depends on the need of outlet power to deviate the compressor 
and requested engine speed and turbine diameter.  
The efficiency is about 92%. The aerodynamically losses in the turbine rotor is amounted to 
about 3.5% and also about 4.5 % loss in the vane and blade top leakage. The materials used 
are nickel alloys, cobalt alloys or rustles steel. There are two different types of the turbine: 
Radial turbines or axial turbines, where there is action turbine or reaction turbine [8].  
 
Demands on a turbine: The turbine should manage: 

• Low weight • Centrifugal forces 
• Small front area • Flexural stresses 
• Continuous air flow  • Endurance stresses 
• Good coefficient of utilization • High temperatures/pressures 

 
Radial turbine 
 
In the radial turbines vane, occurs an increase of the airspeed and decrease of 
pressure/temperature. In the rotor part there is a decrease of speed, pressure and temperature.    
The big disadvantage with radial turbines is the large area to convert the large amount of air. 
The radial turbine is mainly used in smaller engines like cooling turbines [8]. 
  
Axial turbine 
 
Axial turbine can de divided in two different types of turbines: action turbines or reaction 
turbines. In turbojet engines occurs frequently a combination of both action-and reaction 
turbines.  
 
 Action turbine 

In the action turbine the gas expands completely in the vanes. Action force 
occurs when the gas with high speed hits the blades and forces them to change 
direction.  
Reaction turbine 
In the reaction turbine the expansion is distributed over the vanes and the blades. 
The reaction force occurs when the gas is flowing into blades with lower speeds 
[8]. 
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4. Analyze of the problem 

4.1 The situation today 

Pre-deburring today at VAC is done manual because deburring is very difficult performing 
with the required degrees of quality with a robot. The edge break is first done by experienced 
employees using carbide tools and brushes (see 4.2 example of pre-deburring) then the disc is 
sent to a buffing machine where the correct radius is brusched. After that there is a final 
inspection of size [7].  

4.1.1 Demands on pre-deburring 

Demands on the pre-deburring are very important especially if the process is automated. 
Today variations can be adjusted manual before the process but when automated the system 
must be able handle deviations of the edge without any adjustments [7].    

4.1.2 Inspection of size 

The inspection of the radius is done manual, the operator knock a piece of aluminum against 
the radius and then project it to a screen with 50 times magnification (see figure 11 and 12). 
The measuring is done on different places so the cutting is smooth over the component. A 
template with different radius is used and compared with created radius. The discs are directly 
approved if the radius is within the tolerances.  
 
On every machined edge there is a final inspection. For the first component in every batch 
there is also an increased inspection if necessary for manual adjustments. When the machine 
settings are correct it is possible running without extra inspections on following components 
in the batch [5].  

 
 

 

 

 

 
 
 
 
 

Figure 11: Shadow graph [5]          Figure 12: Aluminum pieces [5] 
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4.2 Example of pre-deburring 

The pre-deburring is done on both sides of the disc and according to character numbers. On 
the figures below the character numbers is showed for the disc (see figure 13 and 14) [6]. 
An operation sheet from which areas belonging to which character number can be view in 
appendix (see appendix 1). 
 

 

        
   Figure 13: First side [6]        Figure 14: Second side [6] 
  
Operation description 
 
1. The operation description begins with deburring on both sides of the disc. First 

tool used is a carbide tool, according to character number: 2 on both sides of the 
lip and the dovetail slot (see figure 15).  

 

 
Figure 15: Deburring both sides of the lip and dovetail slot [6] 

 
2.   The bottom of the dovetail slot is deburred according to character number: 3 

(see figure 16). 

 
Figure 16: Deburring bottom of the dovetail slot [6] 
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3.   Thereby the tool is changed to a needle file and deburred according to character 
number: 2 once again (see figure 17). 

 
Figure 17: Deburring of edges, earlier deburred with rotating file [6] 

 
4.  The tool is changed to a hand machine with a brush and once again according to 

character number: 2 for rounding the edges more (see figure 18).  

 
Figure 18: Rounding the deburred edges [6] 

 
5.  On the first side (but not on the second side because of the broaching) there is 

also an operation removing burrs on the lip that is formed near the brush; this is 
done with an emery cloth (see figure 19). 

 
Figure 19: Grinding one of the sides of the lip with an abrasive sheet [6] 
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5.0 Analysis of thinkable systems  
 
Sensors can be used as a helping tool managing the problem with removing burrs that you 
with certainty not can define the size of, at the same time as varying edge position.  
This project demands an overall solution for a system that can work integrated together and 
most important within VAC tolerances for an edge break.  
Interesting systems for this project is shortly described bellow [22].   

5.1 Vision system  

Introduction 
The sensor takes a picture of the component, converting the light energy into an electrical 
signal. The signal is recorded on the imager and then transferred into the vision sensors 
memory. The imager is analyzed and compared to parameter. Then the sensor makes a 
decision based on defined tolerances and output the results (see figure 20) [13]. 

 

 

 

 

 

Figure 20: Vision system [13] 

Acquisition  
Like mentiond earlier the process begins with a picture. Higher quality of the picture will give 
more reliable results. The component is then 
illuminated to get maximum contrast (this is the most 
important thing to create an image that has the biggest 
possible difference between the component and the 
background). The sensor is mounted at the distance to 
maximize the resolution of the picture [13].   
         
    
     
         Figure 21: Acquisition [13] 

The light passes through the lens, onto a 2-dimensional imager chip (see figure 21). The 
imager consists of an array of tiny light sensitive cells, called pixels. The pixels convert the 
light into an image. The number of pixels and the field of view determine the resolution of the 
inspection. The light energy is stored on the pixels as an analogy signal, proportional to the 
brightness of the image. The image is then digitized by the A/D converter and captured as an 
8-bit gray scale, video signal.  
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Analysis  
The analysis is done in the microprocessor, were the user is 
telling the sensor what to look for and what the conditions are 
for passing or failing a component. The user is determine the 
tolerances and the software is then analyzing them according. 
This includes counting, verifying, measuring and identifying 
objects in the image. Images of products are compared to a 
reference image in order to find measurable and repeatable 
differences between good and bad products. This is done using a 
remote PC (see figure 22) [13].   
     Figure 22: Analysis [13] 
Determination 
For the determination the vision sensor uses a reference image to compare 
each tool with the programmed tolerances. The inspection has passed if the 
tools on the inspection are within the minimum and maximum tolerances 
[13] (see figure 23).  

 

  

 

 

Figure 23: Reference image[13] 
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5.2 Laser Sensors 

There are several methods measuring the distance in an image. Usually these methods divided 
into two categories are active-or passive distance meters.  
The active distance meter use a define source of light together with a sensor while the passive 
distance meter does not require any special light.  
The most common method measuring is with stereovision, where at least two pictures from 
different positions is used in a triangular schedule. Stereo vision is better described bellow.  

5.2.1 Triangulation 

Laser triangulation sensors works by measuring the reflection from the surface of the 
component. A laser diode projects spot of light to the component, and the reflection is focused 
via an optical lens on a light sensitive device (receiver). If the target changes its position from 
the reference point the position of the reflected spot of light on the detector changes as well. 
The signal conditioning electronics of the laser detects the spot position on the receiving 
element and, following linearization and additional digital or analogue signal conditioning, 
provides an output signal proportional to target position (see figure 24). [14] 

 

 

 

 

 

Figure 24: Laser Triangular Sensor [14] 
 
The receiver is the most critical element, which can be either: a position sensitive device 
(PSD) or charge coupled device (CCD). 

The method of triangulation gives fast close measuring points over a large area. One 
disadvantage with all the triangulation methods is that accuracy reduces with increased depth 
(triangulation angular reduce) and shading occurs which means that on some areas the 
measured will not be visible for the camera.  

5.2.1.1 PSD or CCD receiver  

PSD triangulation has been around for about 25 years and is the most commonly device. If 
the circumstances are perfect, PSD sensors perform well. But the repeatability and reliability 
has otherwise variations [14].  
 
CCD lasers has been around for about 10 years and helped overcome many of the limitations 
of PSD technology. On of the problem at the beginning was the response to changing surface 
conditions because of the controlling microprocessor. If surface conditions changed quickly, 
the device simply could not react fast enough, resulting in a measurement error. CCD lasers 
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can now react spontaneously to changing surface conditions, to achieve accurate results 
regardless of surface texture or colour [14].  

5.2.1.2 Stereo Vision 

This technology match together pixels or distinctive features like edges or corners from 
images taken from different views. If the position and the 
rotation between the different cameras are known and the 
difference in images coordinates between the present points in 
every image, it is possible calculating the position of the point 
in depth. 
Most difficult with this method is finding back to the same 
point again in the image.  
 
An adjustment must be made according distance between 
cameras. Small distances (baseline) make the search area not 
so large and by that easier finding back to the same point. 
The disadvantage is that triangulation angular between the 
cameras gets smaller and by that also accuracy in depth (see 
figure 25) [9]. 

                 Figure 25: Triangulation with two cameras [9]  
 
Large distance between cameras provides improved accuracy but instead problems with 
search area and finding the same point in all views.  
Match distinctive features between images imply that there is less measuring points compared 
with pixel matching. Pixel matching is best suited on objects with uneven surface structure 
[9].        
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5.2.1.3 Active triangulation with laser 

Active triangulations imply that measured object is manipulated through projected structured 
light from a laser. Then an image is taken from another angel with a camera. If the position of 
the camera and orientation in proportion to the source of light is known, and detection of 
enlightened surface in the image, 3D coordinates for the appearance of the object on the 
surface can be calculated.  
 
By projecting several parallel laser lines the data gathering time increases but gives problems 
with lines being entirely or partly hidden in the camera image dependent of the appearance of 
the measuring object. Able associating to correct line in the calculations from the camera 
image to real coordinate some assumptions about the surface must be done. Otherwise 
ambiguousness arises.  
 
The structured light can be points, lines, hairlines or circles (usual points or lines).  
Trough a laser line put a laser plane over the measuring area; a profile of the height is 
received.  To be able achieving measuring values in depth the laser can be either sweeped or 
rotated (see figure 26) [9].  

 
 
 
 
 
 
 
 
 
 

Figure 26: Laser triangulation with laser plan [9] 
 
Problem with active measuring methods is that they can be deceived by natural light and give 
false measuring values. Another disadvantage is dependent on which laser used, can be 
dangerous for humans.  
Exactly like stereo vision an adjustment must be done of the distance between the camera and 
source of light [9].    

5.2.1.4 Moiré interferometer 

This method gain deep information trough analyses of moiré pattern. Moraré pattern is 
created when a measuring area is lightened with source of light that passes trough a fine-
meshed net and then cached by a camera from another direction trough an alike net. Then a 
fringe pattern with dark and light surface structure dependent curves arises on the camera 
image. Measuring values is obtained by analysis of different methods the order of the fringes 
that forms. This method is used for example to measuring profiles on car panels and large 
telescope lenses.  
Moraré interferometers are very sensitive for vibrations, hence dedicated for controlling 
environments [9].  
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5.2.1.5 Color coded fringes (projected fringes) 

With this method a projector is projecting red, green, blue light with a continuous periodic 
varying intensity and with different periodicity for every colors intensity curve. The 
measurement scene is captured with a camera dependent on the measuring objects 
appearance. The projected pattern will be distortion in the camera image. Trough analyses of 
different components red, green and blue in the image it is possible calculating phase 
displacement for the colors and getting the distance data for each pixel.  
 
This is a complex method and demands more equipment than for example triangulation with 
laser plane. But instead measuring values over an area with simply one image is received. 
Color coded fringes is a research work but maybe in a couple of years this technology is ready 
for industrial use [9].  

 

5.2.1.6 GOM (Optical Measuring Techniques) ATOS 

This sensor called ATOS is based on the principle of triangulation. Fringe patterns are 
projected onto the object's surface with a white light projection and are recorded by two 
cameras. 3D coordinates for each camera pixel are calculated with high precision, a polygon 
mesh of the object’s surface is generated [21].  
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3 Sensing Beams 
2 Strain Gauges Form a Half-Bridge 
6 Channels of analog strain gauge output 

Silicon strain 
gauges (12x) 

Transducer outer wall is 
attached to mounting 

Transducer hub is 
attached to tool 

adapter plate 

Sensing Beam (3x) 

A- - - -A 

5.3 Force sensors 

A force Sensor is a sensor that converts an input mechanical force into an electrical output 
signal. The force/torque sensor is used 30% in the industry and 70% in research [19]. 

The sensor can be used whenever the application requires measurement in more than one 
direction, compensate for geometric variations or torn tools. The sensor measure six degrees 
of freedom [19].  

Most usual measuring method is based on a strain gauge. This gauge uses that a material is 
deformed plastic when it is exposed for stress. The value change in proportion to the stress 
applied and produces an electrical output (see figure 27). 

A disadvantage with force sensors is that the strain gauges are sensitive for overloading, 
which means that they can be damage. To avoid this heavier sensor must be used and that lead 
to a bad resolution [11]. 

 

 

 

 

 

 

 

 

 

Figure 27: Construction of the transducer [19]  
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5.4 Tactile and touch sensing  

Touch and tactile sensor are devices that measure the contact between the sensor and an 
object. This is not the same thing as a force sensor that measures the total forces being applied 
to an object.  
Touch sensing is the detection and measurement of a contact force at a defined point. 
Tactile sensing is the detection and measurement of the spatial distribution of forces 
perpendicular to a predetermined sensory area, and the subsequent interpretation of the spatial 
information. A tactile sensing array can be considered to be a coordinated group of touch 
sensors.  
The mechanical based sensor is the simplest form of touch sensor where the force is applied 
to a conventional mechanical micro-switch to form a binary touch sensor. The force required 
to operate the switch is determined by actuating characteristics and any external constraints 
[17].  

5.4.1 Touch trigger probe sensor  

Touch probe is a standard industrial device transducer that sense touch. Suitable for 
inspection of 3 dimensional components and known geometries, can be used finding an edge 
in 3 dimensions.  
The technology is based on the probe slowly moving under servo motor control. When the 
probe senses a touch it stops all motions and remember the actual axis position.  This way the 
touch trigger works as a measuring device.  
The technology works both on robots and CNC machines. The probe itself measures 
±0.001mm in accuracy but then affects the machines position accuracy also.  
 
Since the invention of the touch-trigger probe in the 1970s, these devices have become the 
mean of sensing for dimensional 3D measurement on coordinate measuring machines and 
machine tools [18]. 
 
Requirements for a touch-trigger probe:  

• Compliance so that the stylus deflects when it meets the surface of the components, 
applies a low force to the component and allows time for the machine to decelerate 
before backing off the surface.  

• Mechanical repeatability so that the stylus always returns to the same location relative 
to the machine spindle when it is not in contact with the component.  

• Electrical repeatability so that the stylus always triggers at the same stylus deflection 
in any particular direction [18].  

 
The movement of the prope is described bellow: (see figure 28). 
 
1. The probe moves towards the component, the spring holding all of the kinematics elements 
in contact, so that the stylus is in a known position relative to the spindle.  
2. The stylus meets the surface 
3. As the motions continues to drive the stylus into contact with the component, forces starts 
to build in the probe mechanism. The contact force at the stylus tip creates a moment in the 
mechanism about the set of contacts. As these forces build, the stylus undergoes bending.  
4. The increasing contact movement overcomes the reactive moment. The contacts on the 
right move apart, breaking the electrical circuit in the probe. Before this occurs a trigger 
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signal is used to latch the machines position at that moment, and command the machine to 
slow down and back off the surface.  
5. Once the machine backs off the surface, the probe reseats into its repeatable rest position.  

 
Figure 28: The probes movement [18] 
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5.5 Compliant tools/spindles  

In most of all practical operations a deviation arise between the path of the robot and the work 
piece, this because the robot can not compensate for surface irregularities. Compliant tools are 
constructed to handle problems like that. They are also well suites for flash and parting line 
removal. 
Compliant tools can be adjusted remotely by analogy flow control valve to achieve different 
cutting forces for different components. 
There are two different principles of compliant tools: Radial and Axial Compliance. 
Radial Compliance tool are best suited for removing flash and parting lines from cast 
components. 

Radial compliant tools are building up in three different ways. Basically the compliance is 
either in the front or in the back of the tool [19]. 

• In the tool the ring cylinder is in the front of the tool, which means that the compliance 
is in the front (see figure 29). 

 Pivot bearing design 
 Aluminum and light steel 
 Side or rear mount 

 

 

 

 

Figure 29: Flexdeburr 340 [19] 

• Here the ring cylinder is in the back of the tool, which makes more influence of the 
gravitation (see figure 30).  

 Balanced motor 
 Gimble design 
 Light cuts 

 

Figure 30: Flexdeburr 150 [19] 
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• On this tool there is a spherical bearing in the back and the ring cylinder is in the front. 
This is probably the best solution for the radial compliant tools (see figure 31). 

 Aluminum and light steel 
 Single air supply to side or through spindle 
 Must use compliance-setting air gauge. 

 

Figure 31: CNC 340 [19] 

Axial compliant tools:   

Compensate for deviations and regulating the contact force against the work piece.  
Axial compliance gives an extra degree of freedom for the robot because of the axial 
flexibility (compliance). 
The cylinder on the picture below (see figure 32) consists of a component that is screwed into 
the drive unit with a locking nut. The cylinder is provided with air through the engine house. 
The air pressure adjusts with a pressure regulator valve [20]. 
  
 

 

Figure 32: HIAC [20] 
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6.0 Market Analysis of possible contractors 
   
The market analysis of possible contractors consists of a matrix with interesting companies 
and sensor systems. This matrix is creating a better overview (see appendix 2).  
With help from the project group that possess knowledge and experience, all the systems was 
categorized into three different areas:   
  

• Process not suitable 
• Process could work but requires development. 
• Process looks suitable but may require a small amount of development work. 

 
From the matrix with categorizations an amount of interesting systems and companies was 
listed. These companies all have interesting technologies in different fields, and were 
contacted for more discussions with Volvo Aero.  
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7.0 Experimental tests with potential contractors 
 
From the matrix possible systems and contractors was listed. The interesting contractors was 
contacted and sent a project description with a picture of a possible test piece (see appendix 
3). After further discussions and meetings a decisions was made considering the possibility of 
experimental tests.  

7.1 Test Piece 

A test piece was created and sent to a couple of interesting contractors (see figure 33).  
The test piece is really a scrapped compressor blade with the reversed image of the dovetail 
slot. This because it is easier finding scrapped blades than scrapped discs. The intension for 
the contractors is to demonstrate a deburring system that can create a perfect robot path on the 
blade root area and then verify the edge break on some similar test pieces. There will be no 
burrs on the test piece.  
Also wish to move next test piece in three-dimensions approximately 1mm, and then the robot 
system shall take care of the deviations, and create a similar edge break. 
A typical edge breaking requirements is 0, 38-0, 76 mm on discs. 

 

 

 

 

 

 
Figure 33: Test Piece 
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8.0 Discussion 
 
Before any tests have been conducted it is difficult to know which system to use. Since there 
have been delays for the experimental tests there is no concrete results to show.  This project 
probably requires a combination of sensor system that works integrated to each other. 
 
What this project demands is a system that can determent the position for edges in 3 
dimensions. I believe that this can be conducted with 1of 2 different scenarios.  
 
Scenario 1: Edges can be determined with three possible alternatives then the edge position is 
matched according to a CAD model and an offset is performed.  
 

1. CCD camera combined with laser systems that are scanning the component in 3 
dimensions.  

2. Touch sensor that sense the surfaces and calculate the position of the edges.  
3. Force sensor that works in the same way as a touch sensor.  

 
In this scenario the robot must have a very good path following accuracy to be within the 
tolerances, the robot will if not follow the pre-programmed path and scenario it fails. Small 
robots have better path accuracy but have also a natural complains which can lead to a result 
out of tolerance.   
 
Scenario 2: Using robots that have a bad path following. The system updates the robot path in 
real time.  
 

1. CCD camera combined with laser system which frequently scan and correct the robot 
path by comparing to CAD model.  

2. Force sensor senses the cutting force and correct the robot path 
 
This scenario requires a computer with a large calculation ability to handle the updating of the 
robot path during tool movement. 
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9.0 Recommendations and futher work 
 
Without any results from test, it is difficult to know the best solution. 
  
Therefore I recommend following: 
 
Scenario 1) 

Step A 
Check the path accuracy. Required accuracy tolerance ± 0, 1 mm  

 
Step B. 
Check the robot stiffness (robot natural compliance) during the edge break cutting 
process. Edge breaks requirements 0, 4 mm ± 0, 10 mm in 3-D.  
 

Scenario 2) 
 Step A 
 Check the cutting forces used during operation.  
 
 Step B 
 Check the computers calculation ability for fast update of the robot path during 

operation.   
  
 
If Murphy’s Law is applied: 
There is also a possibility, to use a NC machine instead of an industrial robot.  
The advantage with using a NC machine instead is that they are more robust and have a better  
path following accuracy. The disadvantage is that they are more expensive when operating,  
up to seven times more expensive than a robot.  
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Operation sheet:    Appendix 1 
  

 

 
 
Character number: 
   1 Remove burr of the lip max 0,2 

 2 Break edge 0,4 ± 0,1 both sides (40×) 
   3 Break edge 0,4 ± 0,1 both sides (40×) 

 4 Brush step at plain by the dovetail slot  
 
 
 
 

   2 

3

1

4

5
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      Appendix 2 

Key:  Process not 
suitable 

Process could work 
out but requires 

development 

Process looks 
suitable 

 
High 
Frequency  Spindles    
     

Company Product 
name Technical Data Comments Recommendation

IBAG HF Series 
Power 2000-2500W, 

Speed 50 000-70 000rpm, 
Toque 0.32-60Nm 

From small to large 
sized motor spindles 

Interesting and a well-
known company 

          

Centerline CEN Type 
Speed 24 000-120 

000rpm. Dimensions 
80x200mm 

Liquid cooled motor 
spindle 

Interesting motor 
spindle 

Centerline Jaeger SK 

Power output: 150-2600 
W, rotation frequency 

speed 5000-60 000 rpm, 
sealing air 

Alfred Jaeger 
Precision High 

Frequency Spindles, 
liquid cooled 

Interesting and 
recommended for 

tests by MAG 

Centerline KaVo  HF 
series 

Power output: 150-1200 
W, rotation frequency 

speed 5000-60 000 rpm 

Motor spindle, 
sealing air 

Interesting motor 
spindle 

          

Air turbine 
tools 

High 
Precision 
Steel 600 

Series 

Power 150-1040W, Speed 
25 000-90 000 rpm,  Air turbine spindle 

Air driven, more 
intresting for NC-

machines 

          

Push corp SM-series Speed 15 000-30 000rpm, 
power 1500-2200W  

High speed servo 
motors developed as 
an alternative to high 

maintenance air 
motors 

Have there own 
compliance but are 

quite large and 
clumpy. To large for 

our applications 
 

Tactile/Touch   sensors    
     

Company 
Product 

name 
Technical Data Comments 

Recommendation 

Renishaw 
Touch 
trigger 
probe 

  

Ideal for inspection of 
3 dimensional parts 

and known 
geometries.  

The probe itself 
measures ±0.001mm 

in accuracy  

          

Fowler P1-5A 

  

Deviation: ±1um. 
Repeatability: 0.5um. 
Over travel: XY ±15°, 

+3.0mm 

Might be interesting, 
good accuracy 

Fowler P1-5BS 

  

Deviation: ±1um. 
Repeatability: 0.5um. 
Over travel: XY ±15°, 

+3.0mm 

Might be interesting, 
good accuracy 
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Compliant  Tools     
     

Company Product 
name Technical Data Comments Recommendation 

RAD Ultiburr 630 

Idle speed 40 000rpm, 
Power rating 660W, Weight 

1.8kg, Angular Force 
Resistance @ collet 22-

156N, Compliance @collet 
±8° 

Air motor spindle for 
robust applications, 
can be used on a 

robotic arm or a CNC 
holder 

Problems with sharp 
edges, will take to 

much material 

          

Amtru Flexicut 
series 

Power 100-2600W, Speed 
25000-85000rpm, 

Compliance torque 0.4-
71Nm, Compliance(at 

collet) ±5 - ±22mm, 
Compliance force 3.5-250N 

(at 6 bar) 

Air driven 

Problems with sharp 
edges, will take to 

much material. But if 
no sharp edge it might 

work 

          

ATI Speedeburr 
AC-90 

Power 250W, Speed 
20000rpm, Max burr 
compensation ±4mm, 
Recommended burr 

compensation ±2mm, Axial 
Force Range 1-25N 

Patented, robust 
high-speed, low-

weight air tool. Axiel 
compliance 

Problems with sharp 
edges, will take to 

much material 

          

ATI Flexdeburr 
series 

Power 150-660W, Speed 
40 000-65 000rpm, 
Compliance travel 

recommended ±2.5-
4.5mm, Compliance travel 

@ collet ±5-9mm, 
Compliance force 3.1-

42.3N 

Robust, high-speed 
and lightweight air 

turbine-driven 
deburring units. 

Radiel compliance 

Problems with sharp 
edges, will take to 

much material 

     

Force/Torque  Sensors    
     

Company Product 
name Technical Data Comments Recommendation 

ATI 

Nano, 
gamma, 

Delta, Theta, 
Omega series 

Max Fxy ±50-40 
000N, Max Txy 
±0.5-6000Nm, 

Weight 0.01-47kg 

Force/Torque sensors 
measures full six 

compnents of force and 
torque. Easier to program 
a force sensos over sharp 

edges than a compliant 
tool 

Well recommended 

JR3   

Extremely stiff 
resulting in 

minimal 
degradation of 

system dynamics 
and positioning 

accuracy 

Measures full six 
components of force and 

torque. 

Know more after tests 
at Lund University 
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Vision Systems    

     
     

Company Product 
name Technical Data Comments Recommendation 

Softdesign Softvision 
  

Vision sensor for 
material control, 

code reading 
Process not suitable 

          

Balluff 
    

Electronic- and 
electromechanical 

sensors 
Process not suitable 

         

Adept 
    

Only works with an 
adept robot 

Only works with an 
adept robot 

Company Product 
name Technical Data Comments Recommendation 

Compar Assembly 
expert   

Checks for the 
position of 
components.  

  

" Measure 
expert 

  

The measurement 
position depends 
on several aspects 
such as the camera 
type, optics, 
illumination and the 
samples 
themselves.  

The absolute-accuracy 
goes up to 1/2000. 

          

Cognex Insight series 
  Not much info Recommended by 

Kuka 

Company Product 
name Technical Data Comments Recommendation 

Quiss TC-Vision   
More for high-

quality packaging Process not suitable 

" RT-Vision   Inspection system Process not suitable 

" OC-Vision 
 Code identification 

and character 
reading 

Process not suitable 

" AC-Vision 
  

Primarily for 
assembly 
inspection 

Process not suitable 

          

ISRA Vision 2D Robot 
Vision 

Standard system for 
identification and/or 
position recognition 

without direct contact by 
the system.  

2D vision Only 2D, we need the 
height 
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" 3D Robot 
Vision 

Combines info from 
several camera systems 
to determine the position 

of large objects.  

3D Robot Vision, 
position in all six 

degrees of 
freedom. Large 
objects like car 

bodies 

Maybe too large objects 
dependent on the 

accuracy? 

" 3D Stereo 
sensor 

Six degrees of freedom 
using efges, holes and 

radiuses of the object that 
can be described by 

characteristic elements.  

Optical 3D stereo 
sensor, no laser 

triangulation. 
Position, distance 

and angle 
measurement. 

Determination of 
coordinates, edge 

measurement 

Seems interesting, no 
accuracy available 

          

Sensorcontrol Epson 
VISION   

Extremely fast 
communication 

(within a few 
milliseconds) 

between robot and 
image processing. 
Not much info on 

homepage 

More for surface 
inspection 

          

Omron ZFV   2D sensor with 
CCD camera 2D 

 
 

Laser   Systems    
     

Company Product 
name Technical Data Comments Recommendation 

Sensorinstru
ments A-las Series 

Parallel laser light with 
homogeneous light 

distribution in round or 
rectangular cross-section 

used for measuring, 
positioning and detection 

of objects 

Many different 
series, look at 

homepage.  
Detection of objects  

          

Omron Z500 

Combining a wide-beam 
laser and 2-dimensional 
CCD to conduct accurate 

two-dimensional 
measurements in a single 

procedure.  

2-Dimensional laser 
profiling system.  

 Only 2-Dimensional 
and high system 
construction cost 

          

Meta Cross Sensor 
MXS 

Horizontal 
measurement accuracy: 

+/-0.08 mm. Vertical 
measurement 

accuracy: +/-0.02 mm. 
Angular measurement 
accuracy: +/-0.20 deg.  

Developed primarily 
for welding 

applications and for 
use within harsh 
environments.  

From tests at University 
of Nottingham the 

accuracy is not god 
enough in reality 
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Meta Meta MTF 
sensor  

Positional accuracy 
horizontal: +/-0.15mm. 
Positional accuracy 
vertical: +/-0.30mm 

From tests at 
University of 
Nottingham 

accuracy within 0.4 
mm 

From tests at University 
of Nottingham the 

accuracy is not god 
enough 

          

Steinbitchler 
COMET IV 

  Based on white light 
fringe projection.  

Accuracy?  
 Recommended from 

Technical University of 
Luleå 

Steinbitchler T-SCAN 

Based on triangulation. 
Accuracy of distance 
measurement +/-0.03 

mm.  

Handheld 3D laser 
scanner Quality control   

          

GOM ATOS 
Based on the principle of 

triangulation with 
projected fringes.  

High accurate 3D 
coordinates. Full-
field deviation to 

CAD.  

 Recommended by 
Technical University of 

Luleå 

GOM  ARAMIS 

3D coordinates and 3D 
displacements are 

calculated automatically 
using photogram metric 
evaluation procedures.  

Accuracy +/-5 
hundredths 

Recommendations from 
Volvo Aero 

GOM TRITOP 

Designed to define the 
exact 3D position of 
markers and visable 

features.  

Optical coordinate 
measuring.  

 More for quality control 
and deformation 

analysis 

          

FARO LS seris 

Produce 3 Dimensional 
black and white images 
where every pixel has 
x,y,z coordinate. Also 
create dimensionally 

accurate CAD models. 

3D laser scanner   

          

Romer G-scan Can be mounted on a 
special arm 

3D laser scanner, 
principle of 

triangulation. 
Accuracy with arm 

0.12 mm 

  

          
Laser Design     3D laser scanner.  Not for our application 

Konica 
Minolta VIVID Accuracy (x,y,z) +/-0.05 

mm 

3D laser scanner 
based on a 
triangulation 

measuring method.  

Quality inspection and 
prototyping 

          

Quiss 3D-Vision 

Measurement points are 
defines using prominent 
details, then laser lines 

are projected on the 
object.  

3D laser vision. 
Determines the 

position of objects.  
precision up to 0.1 mm 
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SICK IVP Ranger 

Measures 3D features, 
3rd dimension adds 
height and shape 

measurement data 

3D line scanner. 
The complete 3D 

calculation is done 
inside the camera.  

Recommended for tests 
by MAG 

SICK IVP Ruler Can acquire up to 10 000 
profiles per second 

3D line scanner, 
built-in laser, 
accuracy?? 

Recommended for tests 
by MAG 
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9634A  P-O Karlsson     Appendix 3 
2007-01-02 
 
Precision deburring of test piece 
 
The target is the edge on the blade root area (marked red on the test piece). We will supply 
tools and cutting data.  
 

1. The intension is to create a perfect robot path on the edge of the scrapped blade root 
area.  

2. Then verify the perfect robot path by milling (deburring) an edge break on some test 
pieces, approx size of edge break 0,4 mm ±0,1mm. There will be no burrs on the test 
pieces only sharp edges. The angle of the edge break shall be approx. 45° ±5°  

3. Then we wish to move the test piece location in 3-dimensions approximately 1mm, 
and then the robot system shall take care of the deviations and create the same edge 
break. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: Test piece 
 




