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Abstract 

The objective with this thesis project was to with the simulations software Delmia make a 
working build philosophy for the new concept of the fixed leading edge for the Airbus A320 
airliner, but also to make two conceptual fixtures in the modular framework BoxJoint for pre-
drilling of two sub assemblies. Everything started with a study in Delmia to both recap on 
previous knowledge and to learn more about it. This was followed by early simulations on the 
new concepts that were provided by project partners. Then a study was made in the 
Affordable Reconfigurable tooling, ART-concept. A suggested build philosophy was created 
and possible areas for automation were identified. These areas were all the drilling and 
fettling operations except the drilling in the last stage where the pre-drilled holes are opened 
up. More investigations needs to be done to see if a robot can install and remove slave pins 
that are used in the last stage. Two conceptual designs on fixtures were created where one 
uses two industrial robots with vision systems to get the correct accuracy when drilling the 
product. The other was build to be able to use a Tau-Gantry robot solution together with a 
vision system. 
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Sammanfattning 
Detta examensarbete gick ut på att med hjälp av simuleringsverktyget Delmia ta fram en 
byggordning för fixed leading edge på Airbus A320 samt göra koncept på fixturer i BoxJoint 
för förborrning av två delmontage. Det hela började med en förstudie i Delmia för att fylla på 
och återväcka kunskaperna inom ämnet. Detta följdes av tidig simulering på modeller som 
kom ifrån andra deltagare i COALESCE² projektet. Sedan följde en studie i ART – 
Affordable Reconfigurable Tooling konceptet och de ingående delarna. En möjlig 
byggordning togs fram och områden som identifireades som möjliga att automatisera 
undersöktes. Resultatet blev att alla borr och fräs operationer är möjliga att automatisera 
förutom uppborrningen i sista steget då mer undersökningar behövs om en robot kan installera 
och ta bort styr pinnar. Fixturerna som togs fram var den ena för borrning med två industri 
robotar som använder sig av vision system för att nå rätt tolerans på hålen och den andra var 
för att kunna använda sig av en Tau-Gantry robot lösning för att borra detaljerna.  
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1. Introduction 

1.1 Background  

The Airbus A320 is one of the early airliners built by Airbus, the manufacturing and assembly 
is done today as it was done 30 years ago. To be able to compete against other aircraft 
manufacturers Airbus need to decrease the manufacturing and assembly costs by 
approximately 30%. Until recently there have not been any digital mock-ups for the 
components that are involved in the wing fixed leading edge. Even today not all components 
have been built up to a complete digital model. Airbus goal with the COALESCE2 project is 
as mentioned to decrease the costs but also to be able to manufacture and assemble fixed 
leading edge for 50 airplanes a month. To be able to deliver that many leading edges much of 
the manufacturing needs to be automated, today all of the work is done manually. Some 
components need to be assembled in sub assembly before delivery to the leading edge 
assembly. Today’s leading edge for Airbus A320, also called baseline, has a slightly different 
build philosophy than the work package 3 (WP3) leading edge, this is because the parts have 
been re-designed. The concepts and build philosophy in this thesis for the WP3 leading edge 
is based on how the Airbus A380 is manufactured and assembled since the A380 is the most 
modern and advanced airliner built by Airbus today. 
 

1.2 Thesis objective 

From the 3D models that were provided for us by other project partners make a build 
philosophy for the WP3 and WP4 leading edge for Airbus A320. With a complete build 
philosophy investigate in possible areas for automation. To design drilling fixtures for both j-
nose assembly and track rib assembly to be used in automated operations carried out by 
industrial and Tau-Gantry robots. 
 

1.3 Thesis description 

This thesis is done for DELFOi AB where we assist them in their part of the COALESCE2 
project; the end user for the COALESCE2 project is the aircraft manufacturer Airbus. Today 
the project is in what is called WP3 or Work Package 3 stage, in this phase simulations will be 
done to analyse the design concept and to estimate production cost. The COALESCE2 project 
is presented in more details further down. 
 
Our assignment is to do an assembly simulation, with the help of Catia and Delmia V5, on the 
so called fixed leading edge for the Airbus A320 airliner. The goal with doing the assembly 
simulations is to verify access and reach ability, for this to be possible a suggestion for a build 
sequence is needed. This also involves looking over possible areas for automation and 
suggesting new fixtures for drilling of certain components. 
 

1.4 Thesis delimitations 

Systems involved in the fixed leading edge are not considered during this thesis, not even the 
system needed for the alternative mechanism considered in WP4. The access panels will be 
installed at the wing assembly and therefore not part of our assembly. The transportation 
between different stations will not be discussed. 
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One of the sub assemblies for the fixed leading edge will probably be carried out by a sub 
contractor, and therefore the assembly of its different parts will not be regarded. The so called 
intermediate ribs in WP3 has been considered in the fixtures but no holders for them has been 
made since they are probably going to be re-designed.  
 

1.5 COALESCE2 

COALESCE2 is a 36 month long EU funded project for the development of the fixed leading 
edge for the next generation of short-range commercial aircraft. The project is made up of 
nine beneficiaries from seven countries all with their area of expertise. The goal is to with 
new technology and materials reduce greater then 30% of recurring manufacturing and 
assembly cost standard on aircraft for more then 30 years. As a baseline the Airbus A320 is 
used. Today the joining and fastening of the large number of parts in the fixed leading edge 
are made manually. Very few parts are identical due to variations in size from inboard to the 
narrow outboard tip. A high build rate of 50 airplanes a month will be assumed to be 
competitive in the future. The high build rate will probably mean that a high automatic 
assembly will be needed. Interesting and new alloys, thermoplastics and hybrid materials will 
be considered together with advanced joint technologies such as laser beam welding to be 
used in the manufacturing. There is a growing interest in alternative flight control 
mechanisms then those most commonly used today and therefore development of alternative 
mechanisms will be supported. The project is divided into five operational work packages 
with different objectives and one management work package.  They build on the work done in 
the previous package except work package 3 and 4 since these are done simultaneous. 
Concept developed for WP3 are using the same slat system used today while WP4 focus on 
alternative moveable mechanism to achieve a higher coefficient of lift. [1] 
 

1.6 Company descriptions 

1.6.1 DELFOi 

DELFOi was founded in 1990 in Finland and later established 1995 in Sweden. DELFOi 
supplies digital manufacturing solutions and consultancy within Dassault Systèmes software’s 
Delmia and Catia V5. DELFOi delivers solutions that let companies streamline and 
rationalize its product and production. DELFOi has together with Gilbert Ossbahr at 
Linköpings University developed the flexible tooling system BoxJoint. [13] 
 

1.6.2 Airbus  

Airbus is a commercial aircraft manufacturer that was founded in 1970 in France. In the year 
of 2000 Airbus France, Airbus Deutschland and Airbus Espana merged together and 
European Aeronautic Defence and Space Company (EADS) was created. Airbus is owned 
today by EADS, which is one of Europe’s biggest military supplier and manufacturer. 
Airbus manufacture and sell 14 different aircraft models from the small 100-seat Airbus A318 
to the worlds largest commercial airliner, the 525-seat Airbus A380. [14] 
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2. Theory 
In the following chapter the theory behind the Affordable Reconfigurable Tooling, which has 
been used in the simulations to make the concept fixtures, will be presented. An overview of 
the simulation software and some of its components will be brought up. There is also a 
description of the fixed leading edge and its function together with a presentation of the 
different solutions that can be used. There is an explanation of the so called Tau-Gantry robot, 
since it is a relative unknown robot, and of the fasteners and tools needed. Last is a section on 
the holders that are mainly used in the upcoming simulations. 

2.1 ART – Affordable Reconfigurable Tooling 

Two common words when talking about assembly and manufacturing are fixture and jig. 
These are also called for tooling since they are tools or systems that during an assembly 
operation are used for positioning and holding parts in space. Both fixtures and jigs hold and 
position parts during an assembly operation, the difference however is that the jig are also 
used to guide cutting tools during a manufacturing process.  For an aircraft manufacturer to be 
competitive the need of flexibility is high, most importantly is to lower the lead-time. A way 
to do this is by using flexible tooling, which means the ability to change the fixture after a 
design change of a product, or the ability to use the same fixture to more than one product. To 
accomplish this flexibility the ART-concept was introduced. 
 
The ART-concept was developed at Linköpings University and is built up using a modular 
framework, which is a frame built up by using standard beams and joints. The concept also 
uses flexapods which are flexible tooling components. An already available industrial robot 
can be used together with a laser metrology system to move the flexapods to their exact 
location. [5] 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 - ART concept consisting of modular framework, hexapods, pick-ups, Leica metrology system and an industrial robot 

 

2.1.1 Modular framework  

The idea of the modular framework, or BoxJoint, is to be able to build a flexible and rigid 
framework using standard beams made of either steel or carbon fibre. Instead of welding the 
beams together, box plates are used on each side of the beam and then bolted to each other, 
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this enable the modular framework to be held together by friction which makes this a very 
flexible tooling that can be disassembled and then rebuilt for another application. A big 
advantage is that the modular framework doesn’t need to be accurately built, since the 
flexapods can be adjusted with the help of a robot and laser tracking system to achieve the 
correct tolerance.   
 
The system uses “off the shelf” products i.e. standard beams, box plates and bolts. The beams 
are available in different length and width. The range of the beams and box plates is, 400x400 
mm, 400x200 mm, 200x200 mm, 200x100 mm, 100x100 mm and 100x50 mm. The bolts that 
are used are three different standard bolts with a variety of length, the bolt sizes are M16, M8 
and M5. It’s been known that some applications may need systems in between M16-system 
and M8-system, there for an M10-system is in development. [27] 
 

 
 

 

 

 

 
 
Figure 2 - BoxJoint systems in different sizes             Figure 3 - A simple framework built up using 
BoxJoint 
 
 

 
 
 
 
 
 
 

Figure 4 - Different BoxJoint plates 
    

 
There are seven different joining techniques to hold the beams together: 
 
Conventional BoxJoint is a joint which holds together two beams either parallel or 
orthogonal to each other. See figure 5  
 
SqueezeJoint which consists of two beams squeezed to each other by using a single BoxJoint 
and extended bolts. This is used to reinforce the MF. See figure 6 
 
TurnJoint is used when the beams need to be built with a certain angel, to be able to lock the 
box plates together they need to be placed in a reversed position. See figure 7 
 
T-joint is used when beams needs to be joined in the same plane. See figure 8 
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CornerJoint which also is used when the beams need to be in the same plane but here an 
additional beam can be added. See figure 9 
 
SuperJoint can be used on a corner where all three axis directions are locked by one joint. 
This makes the corner much stiffer. See figure 10 
 

StarJoint is used in the same way as the Super Joint but here a fourth beam can be connected 
to the same joint. See figure 11 
 
 

 
 
 
 
 
 
 
 

Figure 5 - Conventional Joint                      Figure 6 - SqueezeJoint     Figure 7 - TurnJoint 

 
 
 
 
 
 
 
 
 
 

    Figure 8 - T-Joint                          Figure 9 - CornerJoint            Figure 10 - SuperJoint 

  
 
 
 
 
 
 
 
 
 
 
 

Figure 11 - StarJoint 
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2.1.2 Rapid design software 
When building ART in Delmia there is a number of software programs developed by DELFOi 
AB that will decrease the time used to design the BoxJoint. The software uses already existing 
functions in Delmia/Catia and macros in a clever way to speed up the insertion of different 
parts and components into the product by eliminating the time needed to search for them. 
 
The design tool uses a catalogue existing of all the beams and boxes that are available for 
BoxJoint. Because one of the main advantaged with this modular framework is its uses “off 
the shelf” products, the length and dimensions of the beams and boxes in the design tool are 
in the same standards. The software is made so that the length of any beam that has been 
inserted into the program can be altered with the push of a button. Boxes and joints with one 
of the standard sizes are chosen from a library and automatically attached to a predetermined 
beam.  
 
The purpose of building a fixture is to hold a position and therefore software has been made to 
easily add holders from either company Holje or TKL. The functions are the same for both 
kinds of holders, the difference is their design. With 6 degrees of freedom they are easily 
adjusted to different positions and with the ability to change parts it can be outfitted to meet 
any need. 
 
 

 
 
Figure 12 - Software programs to build up BoxJoint, BoxJoint Design Tool, and inserting TKL-Flexapods 
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2.1.3 Flexapods  

The flexapods are devices that are used to connect a pick-up which holds the detail or product 
in the ART. The flexapods can be reconfigured or adjusted to an accurate position with the 
help of a robot and a laser metrology system.  
 
During research numerous flexapods were created ranging all from 1 degrees of freedom 
(DOF) to 6DOF. During testing it was decided that the flexapods needed to have 6DOF to be 
able to position it and get the correct tolerance, this because of the lack of accuracy of the 
industrial robot that carried out the positioning of the flexapods. One type of flexapod is the 
TKL-Flexapod which will be further explained in section 2.7.  [5, 6, 7] 

 
 
 
    
    
 
 
 
 
 
 
 
  
 
 
 
    Figure 14 - Type of flexapod – Holje-Flexapod
   
  
Figure 13 - Type of flexapod – Flexapod 6                      Figure 15 – Type of flexapod – TKL-Flexapod 

 

2.1.4 Tool changing system 

To be able to dock the robot with the flexapod a system made by SANDVIK AB is used, the 
Capto system. The Capto system is an interface between the flexapods and the industrial 
robot. There are two types of Captors, male Capto also called Capto interface, and female 
Capto also called Capto chuck. The male Capto is located on top of the flexapods, and the 
female Capto is mounted on the robot. This enables the robot to dock with the flexapods and 
move it to its correct location. [5, 6] 
 
 
 
 
 
 

             
 
 
 
 
 
  

Figure 16 - Male Capto 
 

                  Figure 17 Male - Capto mounted on a Flexapod 6 
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2.1.5 Pick-ups 

The flexapods itself can’t connect to the part inside the modular framework. Therefore a pick-
up is used which is the interface between the flexapods and the part or detail. The Pick-up is a 
product-specific device and with different kinds of pick-ups different holding postures can be 
achieved. Since the reach ability of the flexapods can be restricted a product-specific pick-up 
can be used to reach the fixing point of the part. [5, 6]   

 

 

 

 

 

              
             Figure 18 - Different Pick-up configurations 

    
 
Figure 19 - Pick-up placed on a Flexapod 6 and holding a detail 

     

2.1.6 Metrology systems 

With the help of a laser tracker one can measure the location of a mobile target in 3DOF, the 
laser tracker can measure the three-dimensional location of a target on a range of tens of 
meters and still have the accuracy of a few micrometers. A reflective target is placed in 
contact with the object or datum point of interest. The laser tracker then tracks a laser beam to 
the reflective target and measures the coordinates. Since the flexapods are placed 
approximately on their location in the ART and the fact that the modular framework in itself 
is built with low accuracy a metrology system is a great way to achieve the wanted tolerances. 
The laser tracker measures the movement of the Capto unit and compares this to the virtual 
data that’s been created in either DELMIA or CATIA. The laser tracker can measure 
continuously and transfer the measurements into Cartesian co-ordinates, which are robot co-
ordinates. A metrology system can be used in an application such as drilling with an industrial 
robot. An industrial robot is not as accurate in itself and especially not when used for drilling. 
To increase the accuracy the position of the robot tool can be measured each time it is about 
to drill. By using reflective targets on both the fixture and the robot tool the laser tracker can 
measure the robot tools position relative the fixture. And by continually do the measurements 
and sending them to the robot the accuracy requirements can be met. [5, 6, 7]   
 
 
 
              

                                         Figure 20 - LT640 Leica Laser Tracker 
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2.2 Software applications  

2.2.1 Catia V5 

Catia stands for Computer Aided Three-dimensional Interactive Application and is a 
powerful 3D-CAD program. Catia is developed by Dassault Systèmes and is one of the 
worlds leading solution for product design. It is used by companies in both the aerospace and 
automotive industry; some of the companies that use Catia are Airbus, Boeing, Volvo and 
BMW. When using Catia a designer can make a Digital Mock-up (DMU) of a detail or 
product. A DMU is a virtual model of the product which could eliminate the need of building 
a physical product. This saves both time and money, and the DMU can later be used in a 
simulation program such as Delmia. By using for example Delmia one can simulate the 
manufacturing and/or assembly of a detail to see if the new product can be produced in an 
already existing line. [9, 10] 

2.2.2 Delmia V5 

Delmia stands for Digital Enterprise Lean Manufacturing Interactive Application and is 
simulation software used to simulate and verify for example the manufacturing of a product or 
part. Delmia is also developed by Dassault Systèmes and is used to support the modelling and 
planning of an industrial manufacturing. In short Delmia enables the user to simulate and 
verify the entire manufacturing for a digital made product. [12] 
 
Delmia V5 is separated into two different applications, DELMIA Automation and DELMIA 
PLM. 
DELMIA Automation is a useful tool that is used to balance, define and control an 
automation system in a 3D environment. 
DELMIA PLM is used to define, plan, visualise, analyse and simulate a product in a 3D 
environment.  
DELMIA PLM consists of numerous modules such as Robotics, DPM and Ergonomic Design 
& Analysis. 
 
Robotics – The robotic module is a great way for the user to build up and test a robot cell. 
The user can also program the industrial robot by using Delmia, offline programming, and 
then transfer the program to the physical robot. The robotics module is an easy way to 
validate and test robot programs, check for clashes and test the robots reach ability.   
 

2.2.3 Ergonomics design & analysis  

By using this module the user can easily simulate and analyse the ergonomic aspects of a 
manual work. The Ergonomics Design & Analysis module consists of five toolbars: 
 

• Human Measurements Editor 

• Human Task Simulation 

• Human Activity Analysis 

• Human Builder 

• Human Posture Analysis  
Human Measurement Editor – This toolbar is used to create detailed humans for human 
factors analysis. There are six default manikins in the Human Measurement Editor, in addition 
to this the user can create an own manikin.  
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Human Task Simulation – The Human Task Simulation toolbar is used to create, validate 
and simulate tasks or activities for the manikin. The user can create tasks where the manikin 
may be walking, climbing, changing posture or pick and place a part. The human tasks can be 
used in the DPM Assembly to simulate and validate the relationship between the worker and 
other products in the simulation  
 
Human Activity Analysis – Here the focus is put on how a human will interact with objects 
in a working environment. This toolbar allows the designer to measure and evaluate 
ergonomic effects of for example lifting and lowering tasks for the manikin. The designer can 
accurately predict human performance and maximizing human comfort and safety. 
 
Human Builder – The designer can by using the Human builder toolbar, simulate the 
manikins and their interactions with other products to make sure they operate in a natural way 
in a workstation. The manikins can be manipulated in conjunctions with the product digital 
mock-up to check for example reach ability and visibility; this can be used to assess the 
suitability of a product for form and functions. 
 
Human Posture Analysis – This toolbar allows the designer to analyse all aspects of human 
postures and their effects on task performance. 
 

2.2.4 DPM – Digital Process for Manufacturing   

"The manufacturing engineers and assembly process planner now have an end-to-end 

solution. It begins adding value in the pre-planning stages by making it easy to reuse best 

practices and existing designs for production tooling that have been proven out in 

production… It is an enterprise solution that is easily accessible across the supply chain to 

speed products to market faster." (Philippe Charles, CEO of DELMIA, Sept. 20, 2000) 
 
Since the DPM module is geometry based solution it has the ability to link and view data from 
any major CAD system. It is possible to view and author the assembly sequences and link 
each process step to the manufacturing resources. The manufacturing engineers and assembly 
process planers can access the products and recourses by using the Delmia Manufacturing 
Hub, the PPR-hub. The PPR-hub is a shared database of Product, Process and Resource (PPR) 
information. By sharing the PPR information process planners and manufacturing engineers 
can start building up the process sequence of operations in an early stage of a product design, 
and also assign tools and fixtures to the sequence. When new product geometries become 
available the process planer can link it to the process sequence and perform validations. This 
gives the manufacturing engineers and process planners the chance to give opinions on the 
product design. [13]    
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Figure 21 - DPM – Assembly Process Simulation workbench 
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2.3 Using simulations 

 
In the early stages of a products development changes are easy and cheap to do. But as the 
product is developed the ability to change is decreased and the cost for the changes made is 
higher. When it is decided which concepts to continue develop, normally a prototype is build 
for validation of the concept and ideas. The ability to make changes in this stage is limited 
and the cost for them are higher then if they would have been made earlier. By having the 
concepts from the beginning in 3D environment validations can be done in an earlier stage 
and at a lower cost, see figure 21. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 22 - Time- Cost - diagram for simulated and non simulated production 

 
 
The simulation programs, such as Delmia, depend very much on the quality and reliability of 
the data it’s based on and the knowledge and experience of the operator. But even with 
relative poor data in the early development phase can give a good idea of where problems can 
occur and changes that is needed. The problem is that to really utilize the potential of an 
advanced simulation program the operator has to be specially educated. The simulations are 
just a tool that will only visualise the problems and then it is up to the user to solve them.    
Entire production lines can be build up in the virtual world and then optimize and configured 
before the final product is even completely developed. 
 
With 3D models simulations can be made to ensure that the idea for the assembly is going to 
work. Access and reach ability can be verified both for humans and robots. If some of the 
assembly or manufacturing are going to be made manually, workstations can be designed and 
verified to be ergonomically. One step of designing for assembly is to integrate parts and for 
this the simulations and 3D models are a great aid. Changes to parts and their interaction with 
each other can be seen directly.  
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2.4 Fixed leading edge 
An aircraft is a very complex piece of engineering where the wing is one of the most complex 
parts. There are many parts and systems that need to be fitted inside the wing; figure 22 shows 
the wing of an Airbus A320 with its different parts, which also holds the fuel.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 23 - Airbus A320 wing and its different parts 

 

 
The fixed leading edge is located on the front of the wing. The fixed leading edge house 
numerous complex systems, and this is here were the leading edge device is located, the slats 
system. Slats are aerodynamically shaped panels that deflect down from the fixed leading 
edge. The slats produce a higher coefficient of lift, so by deploying the slats an airplane can 
fly at lower speed. This is highly useful at landings and especially take offs where it’s desired 
to gain altitude quickly, where at normal flight the slats are normally retracted. There are three 
types of slats: 
Powered slats that are used in airliners are controlled by the pilot and can be either extended 
or retracted. 
 
Fixed slats, also called slots, are used on low-speed aircraft and are always extended. 
 
The last type of slats is automatics slats; it’s driven by springs that allow it to extend due to 
reduced aerodynamic forces. 
 
 
 
   
 
 
 
 
 
 
              Figure 24 - Airbus A319 Leading Edge showing systems and components 
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Another mechanism to increase the coefficient of lift on airliners is to use the so called 
Krueger flaps instead of slat. The Krueger flap is deployed differently than slats. As 
mentioned slats are deflected forward from the upper surface of the leading edge, while the 
Kruger flaps hinge forwards from the under surface of the wing. The aerodynamic effects are 
similar between Kruger flaps and regular slats. [8] 
 
 

 

 

 

 

Figure 25 – Krueger-flaps 

 
 
 
 

2.5 Fasteners & Tools 

2.5.1 Fasteners 

The fasteners used on the fixed leading edge need to handle large forces, be lightweight and 
not loosen during the wings entire lifecycle. In many cases access to one side is restricted and 
then the fastener needs to be of the One Side Installation type (OSI). Fasteners are chosen 
depending on application/material and the strength. It is assumed that the fasteners used on 
the leading edge are either CherryMax or Hi-Lok in this thesis. [17, 18, 22] 
 
CherryMax 

This fastener is made by the American company Cherry Aerospace that specialises in 
fasteners in all kinds of shapes and materials for both the commercial and military aerospace 
market. CherryMax is a blind rivet that works by the tool pulls on the end and as it moves it 
depresses the collar because the washer and head is holding on to the material, see figure 25. 
 

 
 
 
 
 
 
Figure 26 – CherryMax one side installation rivet 
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Hi-Lok 

Hi-Lok is made by a company called Hi-shear that produces both fasteners and tools for the 
aerospace industry. Hi-Lok is one of its main products and it is inserted from one direction 
and then tightens from the other. To guarantee that the fastener is installed at the correct 
torque, either a tool that shuts off or a collar that shears off at the predetermined torque is 
used. The pin head and collar exist in a variety of styles and by using a self-aligning washer 
with the collar it can be installed onto a slope of 7°. The pin or bolt has to be slightly larger 
then the hole so that it does not move or rotate when the collar is first put on. Once the collar 
is on a tool has a tip hex which will hold the pin in place as the socket drives the collar, see 
figure 26. 
 
 
 
 

Figure 27 - The main idea of using one side install fasteners is to hold the bolt and 
tighten it from the same side, but it needs a tight fit in the hole so it doesn’t move 
or rotate when the collar is first put on 

 

 
 
 

2.5.2 Hand Tools 

To have the ability to install the Hi-lok fastener almost anywhere there is a lot of different 
tools for installation, ranging from straight installation to a specified angel of L-type 
installation. When the required torque has been reached either the collar shears off or a spring 
on the tool itself shuts it off, see figure 28. 
 
Installation of a CherryMax is either done by a pneumatic or fully manual tool, but the 
pneumatic is the most commonly used. [23, 24] 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 28 – Different Hi-Lok tools that can be veried in shape. Figure 29 – Tool with spring that shuts if off. 
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2.6 Tau-Gantry robot 

It is very common in the industries to use industrial robots; even though an industrial robot 
has its advantages it is expensive. Industrial robots are in generally not accurate and stiff 
enough for drilling operations. Even the drill bit in itself can be a problem, torque, speed and 
the possibility of a break makes it difficult to monitor the drilling operation and therefore it 
requires having sensors on the end effector of the robot. In some applications it is possible to 
use another type of robot, a so called tau-gantry. A tau-gantry robot is a parallel kinematic 
robot which is built up by three parallel actuators with arms connected to the robot wrist. This 
is a low cost and flexible robot that can operate in a large working space with high 
acceleration rate and still have enough stiffness and accuracy for drilling operations. The tau-
gantry robot is built on a modular framework where the actuators are connected.  The 
actuators are moved with electrical motors, the wrist itself has two electrical motors which 
allow rotation of the attached tool. By moving the linear actuators individually and to have the 
ability to rotate the tools, 5 degrees of freedom are achieved. [20, 21] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 30 – 5-axis Tau-Gantry robot 
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2.7 TKL-Flexapod 

The flexapods that will be used in the sub assemblies are the TKL-Flexapods. Because of the 
limited access in the fixture and the fact that the TKL-Flexapod consist of a clamp arm that 
needs a certain space a modified TKL-Flexapod have been used on certain points. A standard 
TKL-Flexapod can only fix a component in one direction. The modification that has been 
done is to replace the original lug against one of three new lugs. This makes it possible to hold 
the component in place without the use of a clamp arm and to have the ability to fix the 
component from one to three directions. The main idea with the new lugs is that three holding 
holes are drilled to the same diameter in the component; the component is then fixed by using 
TKL-Flexapods with one of the three new lugs. When using one of each of the new lugs its 
possible to fix the component in 6DOF.  
 
To completely lock a detail in space in 6DOF with the minimum number of holders a method 
called the 3-2-1 method can be used. One of the holders locks the component in three 
directions, another in two and the last in one direction. This makes the component fixed in 
6DOF, 12DOF if the negative directions are considered.  
 
Lug1 – Locks in one direction, this lug have a under dimensioned guide pin.  
Lug2 – Locks in two directions, this lug uses an oval hole in the holder which makes it 
possible to lock in two directions.  
Lug3 – Locks in three directions, the guide pin have the exact dimension as the holding hole.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 31 - Original TKL-Flexapod   Figure 32 - From left to right Lug3, Lug2 and Lug1 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 33 – Modified TKL-Flexapods, from left to right Lug3, Lug1 and Lug2 
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3. Airbus A320 Case Study 
The main objective is to make a simulation showing the assembly of the new concepts 
developed for the fixed leading edge. To be able to do this a rough assembly sequence is 
needed so that a final concept build philosophy can be made. Since the parts that makes up the 
new concepts does not vary that much from the current A320 in function and form, the main 
difference is new design and materials, a study of the current assembly was made. This 
chapter begins with describing of the parts involved in both WP3 and 4 followed by a brief 
presentation of the current assembly. Some operations are necessary to the assembly and will 
be needed even in the future; these are described at the end of the chapter.   
 

3.1 Fixed leading edge components 

3.1.1 Work package 3 components 

The following are the parts that are involved in the fixed leading edge 1, FLE1. The 
difference to the parts in fixed leading edge 4, FLE4 is the size and the number of track ribs, 
there is only two of them in the outer section of the leading edge. The inner section is the 
large one and is about 4 meters long and closes to the planes fuselage it is roughly 60 cm high 
and gets smaller along the way and ends with 30 cm in height. The outer section is close to 3 
m long and ranges from 22 cm to 18 cm in height. All parts will be made out of aluminium 
except front spar, which will be in carbon fibre, and the entire j-nose assembly that will be 
made in either carbon fibre or some kind of thermal plastic. All parts can be fully viewed in 
the appendix. 
 

• Front spar – The front spar is the base for the entire fixed leading edge, this is where 
the track ribs and intermediate ribs are fastened to. The front spar is bolted against the 
rest of the wing later on in the wing assembly when the entire fixed leading edge has 
been assembled. The front spar is not divided in sections like the rest of the leading 
edge but instead exist of one, about 14m long, piece. 

 
 

F 
 
 
 Figure 34 – Front spar 

 
 

• Track ribs – The track ribs consist of two ribs and two spreaders, upper and lower, 
the spreaders are used to hold together the ribs and spread out the forces that are on 
them. The j-skin is attached to the ribs and forces from when the slat is out will be 
transferred to the ribs and front spar. The slat track mechanism is fastened to the track 
ribs.  

 
 
 

 
 

 
 Figure 35 – Track ribs 
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• Intermediate Ribs – Theses are located on the ends and one in the middle of the front 
spar. They stiffen up the structure and the ribs at the ends are also used to connect the 
different parts of the j-nose skin. No redesign has been made to these and it is assumed 
they will be changed, for instance the middle one is expected to be replaced by a 
design similar to the track rib and a closure rib.  

 
 

 

 
 
 Figure 36 – Intermediate ribs 

 

• Buttstraps – Are used to close up the gap between the j-nose skin and front spar and 
is especially important when the slats are being extended. These are fastened to the 
skin and wing box. 

 
 
 
 
 
 

 Figure 37 - Buttstraps 

 

• Access panels – Access panels are added last on the fixed leading edge assembly, 
after the systems are installed, to close up the fixed leading edge. The access panels 
are fastened on the landings and butt straps.   

Figure 38 – Access panels 

 
 

• J-nose sub assembly – This assembly consist of four different parts and will not be 
discussed in detail since it will be manufactured and assembled by subcontractor and 
then arrive to the main assembly in one piece ready to be drilled. 

 
o Landings – These are used to spread the force applied on the j-nose skin 

assembly and also to cover the gap between the sub spar and j-nose skin. 
 

 
 

 
 
 
 

 
 

 Figure 39 – Landings             Figure 40 – J-nose assembly 
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o Sub spar – The sub spar is bolted together with the j-nose skin and take, 
together with the closure ribs, up some of the forces applied on the j-nose. The 
sub spar is later bolted on the front of the track ribs when the entire j-nose 
assembly is to be assembled with the rest of the leading edge. In the digital 
model it is in two pieces but is going to be redesigned to one solid component, 
because of the proposed change of the middle intermediate rib. 

 
 
  Figure 41 – Sub spar 

 
o Closure ribs – As mentioned above the closure ribs are used to stiffen and 

take up forces applied on the j-nose skin. The closure ribs are fastened directly 
into the j-nose skin.  

 
 
  Figure 42- Closure ribs 

 
o J-nose skin – The j-nose skin is used to keep an even airflow over the wing 

when the slats are extended. The skin is reinforced with stiffeners and they 
differ in design between FLE1 and 4, but the function is the same. 

 
 
 
 
 
 
 
 
 
 
  Figure 43 – J-nose skin 
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3.1.2 WP3/WP4 components differences 

Work package 4 focus lies on alternate mechanisms and one of the concepts is to use 
Krueger-flaps instead of slats, therefore design changes has been done on the fixed leading 
edge compared to the WP3 concept. The WP4 leading edge consist of fewer parts than the 
WP3 leading edge, without looking into the systems of WP4 leading edge it consists of front 
spar, drive ribs with spreaders, closing ribs and j-nose skin. The parts that are different then 
WP3 are explained below and the others can be viewed in the previous section. See appendix 
4 for all parts involved in WP4. 
 

• Drive ribs are used to houses the Krueger-flap mechanism, the inner part of the 
leading edge called FLE1 has sets of two drive ribs that are held together with a 
spreader and the outer part, FLE4, has three drive ribs and one spreader. Closure ribs 
are integrated with the ribs to make a uniform part. 

 

 
 
Figure 44 – WP4 drive rib 

 

• Closing ribs are positioned at the each end of the section and it is used to connect the 
different parts of the skin to make a complete leading edge. In FLE4 these are called 
intermediate ribs and except from the ends there is one between the two drive ribs to 
provide stiffness and strength. 

 

 
 
Figure 45 – WP4 Closing rib 

 

• Hinge ribs hold hinges for the Kruger-flap mechanism; these are only used in FLE1. 
 

 
 
Figure 46 – WP4 hinge rib 

 

• J-nose skin does not need a sub assembly in WP4 since it only consists of the skin 
itself and the integrated reinforcements. 
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3.2 Current fixed leading edge assembly 

To establish how the assembly is done today some documents were provided by Airbus on the 
subject together with a few pictures and some drawings. The current leading edge is 
manufactured and assembled manually; parts included for the baseline leading edge can be 
viewed in appendix 1. In this assembly three stages are used, Stage 1 and Stage 2 consist of 
jigs while Stage 3 has a holding fixture. The build philosophy for the current leading edge is 
the following, track ribs and intermediate ribs are loaded in jig1 in a flight attitude. Front spar 
is also loaded in jig1 horizontally on support arms which rotates upwards 90º. The spar is then 
locally jacked to achieve the steps between the upper surface of the leading edge fittings and 
the upper flange of the front spar. The leading edge fittings have pre-drilled holes for location 
for the drill jigs to allow drilling of the parts. Next step is to assemble the sub spars between 
track ribs and intermediate ribs. Everything are then broken down for de-burring of the holes, 
cleaning of all components and finally sealant is applied to ensure a tight fit before re-
assembly of the leading edge fittings and fasteners are installed. 
 
The leading edge assembly is then transferred to stage 2 and loaded into the jig. Now the j-
nose skin panels, which have pre-drilled 2.5mm holes, needs to be located to the track ribs 
and intermediate ribs. The skin panels need to be trimmed to achieve the required gaps and 
clamped completely using slave pins. The pre-drilled holes in the skin panels are then transfer 
drilled through to the sub structure followed by a break down of the structure for de-burring, 
cleaning and applying sealant. The skin is then reloaded to the fixture and clamped 
completely with slave pins. Now the holes are opened up by 1.5 mm and then countersunk. 
The sealant has cured during the installing of the pins and will not clog up the drill. Fasteners 
are installed immediately and a very few slave pins are taken out at the same time to ensure a 
strong clamp is maintained throughout the fastening. The structure is then transferred to the 
final stage and loaded into a holding fixture for installation of systems and access panels. 
 

3.3 Necessary operations 

During the manufacturing and assembly of the fixed leading edge some operations are 
necessary to do after drilling have been performed, what needs to be done is to break down 
the parts that have been drilled for de-burring, cleaning and to apply sealant. The reason that 
the parts has to be separated before de-burring is that burrs can get in between them and these 
has to be removed before sealant can be applied and fasteners installed. [1] 
 
De-burr 

After a hole has been drilled into a metal part, there is often a raised edge or small pieces of 
material attached to it called a burr. The operation to remove this unwanted material is called 
de-burring and if not done properly fastener and material problems can occur. The main issues 
are the shortening of fatigue life due to concentration of stress and its interference with the 
seating of fasteners. De-burring practically means that a little chamfer around the hole edge is 
cut using a de-burring tool. [25, 26, 27] 
 

Cleaning 

Before the parts can be applied with sealant and joined together they have to be cleaned. Any 
chips and burrs from the drilling operation have to be removed and then the areas that are 
going to be in contact needs to be wiped clean with a cleansing agent. This will ensure an 
effective seal without contaminations. 
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Applying sealant 

On the fixed leading edge sealant is needed to be applied to all the surfaces that are going to 
be joined together and also on the bolt head on the front spar, towards the fuel tanks. Sealant 
are today applied using spray, spatula and brush methods and it is just in the resent years that 
spraying of sealant has been widely used. If the parts that are going to bond are made out of 
composites normally liquid shim is used. One major issue for the sealant is the time it takes to 
cure completely, for the sealant used today on the leading edge that time is approximately 8 
hours. During this time it is not encourage doing anything that involves creating burrs close to 
the sealant, and drilling thru wet sealant will clog up the drill. [28] 
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4. Assembly analysis 
This chapter brings up parts that we have focused on during this thesis, since the leading edge 
for the A320 is re-designed a new build philosophy was needed and therefore we have 
suggested a sequence for the assembly of the leading edge. The digital models for the WP4 
leading edge was introduced late in the thesis and therefore focus have been on the WP3 
leading edge, but a build sequence has still been suggested for WP4. We have also focused on 
designing conceptual fixtures for drilling of track ribs and j-nose assembly. 

4.1 Build philosophy WP3 

Before the main assembly of the fixed leading edge some components needs to be assembled 
in sub assemblies. For the fixed leading edge the parts and components that need a separate 
sub assembly are the track rib and j-nose assembly. The manufacturing and assembly of the j-
nose is assumed to be carried out by Stork Fokker and therefore it will not be brought up in 
details, instead a suggestion for a drilling fixture has been made, which will be explained later 
in this thesis. The assembly and manufacturing of the leading edge is divided in Stage 1, 
Stage 2 and Stage 3 assembly, this can be viewed in figure 46.  
 
Stage 1 includes drilling and sub assembly of track ribs and assembly of track ribs and 
intermediate ribs with the front spar. 
 
Stage 2 assembly focus on drilling holes on j-nose and sub spar and then assembly of the j-
nose assembly with Stage 1 assembly, i.e. track ribs, intermediate ribs and front spar 
assembly. 
 
Stage 3 includes the assembly of systems and access panels but this will not be mentioned in 
this thesis.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 47 - Flowchart for fixed leading edge 1 
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4.2 Stage 1 assembly 

4.2.1 Track ribs sub assembly 

The track rib sub assembly consists of two track ribs, upper and lower spreader. Step one is to 
manually load the track ribs into Fixture 1A; since the track ribs differ in size each track rib 
pair has its own purpose made holder. This is followed by placing upper and lower spreaders 
against the track ribs; these are fixed in place by using modified TKL-Flexapods. In this 
fixture both track ribs and spreaders will be drilled. Holes drilled to the track rib will be 
needed later in Stage 2; these holes are just pre-drilled to 2.5 mm. After all holes have been 
drilled next step is to remove the spreaders for de-burr all holes on both track ribs and 
spreaders. This is followed by cleaning and to applying sealant between ribs and spreaders; 
final step is to reassemble the parts and installing fasteners. 
 

4.2.2 Stage 1 main assembly 

Front spar is loaded into Fixture 1 and is held in flight attitude. Track rib sub assemblies are 
loaded onto the front spar by using holders on rails, see Figure 47. The front spar can be 
locally jacked so that the correct gap between the upper spreader and the upper flange of the 
front spar is achieved. The intermediate ribs are also placed into holders and moved into 
position; these are then jacked to right position instead of the front spar. Before staring the 
drilling operation the track ribs are pushed up even more against the front spar to ensure that 
they are in contact. Front spar and ribs are then drilled from the rear side of the front spar. 
After the drilling operation the ribs are removed for de-burr of the drill holes followed by 
cleaning and then sealant is applied. Fasteners should be installed from the same side as the 
spar is drilled and a suggested type of fasteners can be the CherryMax. 
 
 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 48 – Ribs are moved with the use of rails, 
this makes it easy to remove them for de-burring.   
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4.3 Stage 2 assembly 

As mentioned earlier this stage includes the assembly of the j-nose sub assembly with the 
Stage 1 assembly i.e. track ribs, intermediate ribs and front spar assembly. A fixture is needed 
to pre-drill all holes on the j-nose sub assembly. 
 

4.3.1 Stage 2 main assembly 

Stage 1 assembly is loaded on Fixture 2, which is a holding fixture, and positioned in a 
horizontal attitude; this is to assure the best accessibility during the assembly of the j-nose 
skin. After the Stage 1 assembly has been positioned and fixed the next step is to fettle the 
lower spreaders of the track rib assembly. This is done to assure that they line up with the 
under flange of the front spar. The fettling operation is followed up by cleaning and applying 
sealant on all surfaces that will be in contact with the j-nose assembly. Following step is to 
position and fix the j-nose sub assembly with slave pins against the track ribs, all holes need 
to be opened up to 4 mm, and the reason for having all holes pre-drilled to 2.5 mm is to 
ensure an easier alignment of all holes. By having pre-drilled holes in all the parts enough 
slave pins can be used to ensure that the skin and sub spar are completely clamped against the 
track ribs before the holes are opened up. It would be desired that all holes were drilled to 4 
mm before the assembly arrives to Stage 2 main assembly, but since there are so many holes 
it would be almost impossible to align all holes to each other. . During the time it takes for the 
operator or operators to clamp the skin the sealant will have cured so much that it is not wet 
and should not clog up the drill. Since the holes only are going to be opened up by 1.5 mm the 
burrs and chips are kept to a minimum. Next is to fasten the j-nose assembly with Stage 1 
assembly; fasteners used are of the one side installation type. Final step to do is to fasten sub 
spar to track ribs, this have to be done manually due to limited reach ability. This operation is 
also difficult to carry out manually due to low visibility which makes it difficult to align the 
hand tool with the fasteners. Fasteners used in this application are Hi-Lok bolts.  

4.4 Possible areas for automation 

Today all assembly of the fixed leading edge is done manually. The forces from the drilling 
are not big since they are in small dimensions and thru thin components. Since the fettling of 
the lower spreader is today done manually with a template they are not that great either. To be 
more effective and have a high build rate some of the operations need to be automated in the 
future. As a first step all the drilling and fettling operations are suggested to be automated. As 
seen in figure 48 the operations spans across the entire rib. This makes it difficult to find a 
solution that can handle all the operations. To ensure that the operations is carried out with the 
correct tolerances a laser tracker that feeds information back to the robot about its position in 
space will be needed for every operation, except for the drilling of the ribs against front spar. 
This drilling operation can be carried out using a NC-machine that is manually located in 
position along the front spar. The j-nose skin and sub spar need to be pre-drilled so they can 
be completely clamped against the track ribs in Stage2 where the holes are opened up to 4 
mm. 
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4.4.1 Drilling of rib for j-nose and spreaders  

The drilling of the ribs for where the j-nose and sub spar are to be connected is one thing that 
could be automated. Today the track ribs are loaded into a fixture horizontally, with the flying 
attitude up, and then the spreaders are put on using a jig and then manually drilled. Holes in 
track and intermediate ribs for j-nose skin and sub spar are done manually once the ribs has 
been fastened to the front spar and by using the same fixture and a drill template. 
 
Automating this could mean using the same fixture that will be used for drilling and fastening 
of the spreaders. If incorporated with the spreaders a Tau-Gantry robot solution could be 
possible for drilling all the holes, including those for the spreaders. This would also mean that 
a tool change is needed since the spreaders are drilled to 4 mm and the rest are only pre-
drilled to 2.5 mm. 

4.4.2 Drilling of rib against front spar 

The drilling of the ribs will be done from the rear side of the front spar. The drilling of front 
spar and ribs can be automated by using a 3-axis NC-system, like the one used today by Saab 
aerospace, called “the phone booth”, for drilling the leading edge on the Airbus A380. It is 
manually moved to each track rib pair using guide rails, this eliminates the need for a safety 
zone and work can be done parallel with the machine. This solution could be adapted for 
drilling the front spar on the A320. 
 

 
 
 
 
 

Figure 50 – Digital model of a 3-axis NC machine 
 
 
 
 
 
 

 
 

Figure 49 - The operations needed to be done to the track 

rib are spanning across the entire body.  
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4.4.3 Drilling of j-nose assembly, skin and sub spar 

The j-nose sub assembly arrives assembled but it needs the holes in skin and sub spar to attach 
to the track ribs to be pre-drilled to 2.5 mm, see figure 50 for hole pattern. Holes in the skin 
spans across its outline and the sub spar is positioned on the opposite side. This could mean 
that two industrial robots are needed, one on each side of the drilling fixture. All holes are 
drilled to 2.5 mm to ensure an easier alignment with the track ribs in Stage 2 main assembly. 
 

 
Figure 51 – J-nose and sub spar hole pattern 

 
 

4.4.4 Fettling of lower spreader 

The fettling of the lower spreader is done so that it will be in line with the front spar lower 
flange and therefore can only be done once the ribs are on the front spar. Upper spreader is 
already in line from the positioning on front spar and do not need to be fettled. Forces that 
will occur will be larger then those from the drilling, but today it is done manually by using a 
template. This operation will need the track rib to be on the front spar and the entire assembly 
in a horizontal position. A very stable and accurate NC solution could be used or a not so 
stabile industrial robot with a template for this operation to be done automatically. 
 

4.4.5 Drilling of j-nose, sub spar and track ribs 

This operation is in Stage 2 and it is here the predrilled holes on the j-nose assembly and ribs 
are opened up from 2.5 to 4 mm. As mentioned earlier the j-nose assembly needs to be 
completely clamped against the ribs and only a few slave pins can removed at the same time 
for holes to be opened and then install fasteners. This could prove difficult to carry out 
automatically and further investigation is needed to establish if an industrial robot is capable 
of removing and installing slave pins.
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4.5 Fixtures 

4.5.1 Fixture 1A track rib assembly fixture 

One necessary sub assembly is the installing of the spreaders on track ribs. On each track rib 
pair there is a lower and upper spreader that needs to be drilled thru while on the ribs. Holes 
are also needed to be drilled were the j-nose skin and sub assembly will be attached on the 
ribs, see figure 48. As seen in the figure the holes span across the entire rib and to be able to 
do this in one session there is several solution such as rotating the assembly or using two 
industrial robots one on either side. Another solution that is interesting and the one the fixture 
is build to work with are to use the Tau-Gantry robot explained earlier. The idea is to put up 
all the track rib pairs in a row and then the robot will drill them in one session. 
 
The fixture for the track rib assembly is build up using standard BoxJoint components, the 
beams measure 100mm x 100mm (height x width). To hold and fix the track ribs a purpose 
made holder is needed for each track rib pair. This holder locks the track ribs in 6DOF by 
using a bolt through an oval hole, another bolt through a circular hole and a stop on each side 
of the track ribs to lock it in the last direction. To be able to fix the spreaders against the ribs 
modified TKL-Flexapods is used which locks the spreaders 3DOF and 2DOF, to lock in the 
last direction the surfaces of the ribs are used. To be able to hold the holder for the track ribs 
and the TKL-Flexapods for the upper and lower spreader a solution that works for all of the 
track ribs was made. It uses three cross beams for each track rib pair, as seen in figure 54, to 
have somewhere to fix the Flexapods and the holder. The distance from one side to the other 
is 0.9 meter and it is not a problem for one operator to load the ribs. Reach ability was 
checked with the Tau-Gantry robot model that was provided.   
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
Figure 52 – Holder for track rib pair   Figure 53 – Locks the spreader in 6DOF 

 
 
 
 
 
 
 

 

 

 
                  Figure 54 – Fixture 1A holding track rib pair 10 for FLE4 
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4.5.2 Fixture 2A j-nose drill fixture  

Since Stork Fokker are assumed to do the manufacturing and assembly of the j-nose we have 
focused on designing a fixture for drilling the holes that are needed to assemble the j-nose 
assembly with Stage 1 assembly. In this fixture both the holes on the upper side of the j-nose 
and the holes for the sub spar will be drilled, see figure xx for drill pattern. The fixture is built 
up using standard BoxJoint components, the beams measure 100mm x 100mm (height x 
width). The flexapods used in this fixture are the TKL-Flexapods, and to be able to lock the 
orientation of the j-nose assembly two modified TKL-Flexapods have been used. The 
modified TKL-Flexapods uses Lug3 and Lug2 to lock the j-nose in 3DOF and 2DOF, the rest 
of the TKL-Flexapods are of the original model and lock in 1DOF. See figure xx for the 
modified TKL-Flexapods. Total amounts of TKL-Flexapods used in this fixture are ten pieces 
of the original TKL-Flexapods with an additional two modified TKL-Flexapods. 
The entire fixture measure 4700mm x 1700mm x 1000mm (length x height x width) and the j-
nose assembly is fixed at an height of approximately 1 meters which make it easy to manually 
position it in the fixture. The holes for the j-nose skin need to be drilled by a 6-axis industrial 
robot to be able to reach all desired drill positions. Sub spar is also to be drilled by an 
industrial robot and both robots can be used as counter stay to each other. To be able to reach 
all drill holes throughout the j-nose assembly the robots are positioned on rails that move the 
robots along the fixture. The robot that is performing the drilling of the j-nose need a 
specialised drilling tool with a 90˚ angel since the robots reach ability is limited; the robot can 
not reach the holes located furthest away from the robot on both top and bottom of the j-nose. 
The accuracy needed can be achieved by using laser trackers, this makes it possible to drill 
without the use of drilling templates. At this stage the holes will be drilled to 2.5 mm in 
diameter and then de-burred to ensure a tight fit against the track ribs in the next assembly 
process 
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Figure 55 – Modified TKL-Flexapod that locks in 3DOF  Figure 56 – Modified TKL-Flexapod that locks in 2DOF 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 57 – J-nose drill fixture with both industrial robots operating on each side of the fixture 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 58 – Drill of j-nose assembly Figure 59 – Tool needed to reach all drill holes for j-nose skin 
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4.5.3 Other fixtures 

For the assembly of the leading edge two more fixtures are needed making working concepts 
for these has not been part of the thesis and therefore only the idea and function of them will 
be explained and further developed in the projects future.  
 
Stage 1 main assembly: This fixture is used for the main assembly in Stage 1 for the A320 
leading edge, the parts involved in this assembly is front spar, intermediate ribs and track rib 
sub assembly. This fixture holds the front spar in a flying attitude to have easy access for the 
drilling operations and easier assembly of the ribs. The track rib assembly is mounted on 
holders which lock the track ribs in 3DOF and 2DOF and can be moved up against the front 
spar where the ribs get locked in 1DOF, see figure 62. The fixture is build in such a way that 
the front spar can be locally jacked to achieve the correct steps between the upper surface of 
the track ribs and the upper flange of the front spar. Intermediate ribs are then also mounted 
on movable holders and held against the front spar. The drilling operations could be carried 
out by a 3-axis NC machine that is moved on rails on the backside of the front spar. A 
suggestion is to have a fixture that can rotate 90º so the entire assembly is held in a horizontal 
position before transport to next stage of the leading edge assembly. This is today done at 
Saab AB for the leading edge for A380 and a similar system could be used for this 
application. 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 60 – Stage 1 main assembly fixture  Figure 61 – Moveable holders for ribs 

 

 

Stage 2 main assembly holding fixture: This fixture will hold the Stage 1 assembly, which 
consist of front spar and ribs, during the fettling of the lower spreader and installing of the j-
nose skin sub assembly. By having the assembly in horizontal position, flying attitude up, it 
gives a better reach ability for the operator when fasteners are to be installed and good access 
to the lower spreader. Only the fettling of spreaders will be automated in this stage and a 
template and vision system is used with the robot to ensure correct accuracy. 
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4.6 Build philosophy WP4 

Based on the build philosophy from WP3 with changes due to other designs and functions, 
similar fixtures, automatic systems and fasteners could be used. Drive ribs will be assembled 
in a sub assembly with the spreaders, for the FLE1 two ribs are bolted together and in FLE4 
there are 3 ribs in the assembly. Intermediate and hinge ribs only consist of one rib and are put 
up in the fixture to be drilled so that the skin later can be attached. The fixture used for the 
ribs could be similar to the one in WP3 concept. A Tau-Gantry robot can also be used here to 
drill the spreaders and the holes for the skin. Front spar is positioned in Fixture 1 and by using 
the same idea from the previous concept the ribs are positioned along the spar and everything 
is aligned. A 3-axis NC- machine could be used here to drill the holes in the front spar into the 
track ribs followed by their removal for de-burring, cleaning and sealing. With the ribs in 
place Stage 1 assembly is moved to Fixture 2 to have the skin attached. The skin has been pre-
drilled in a fixture similar to Fixture 2A in the WP3 concept only on robot since there is no 
sub spar. The skin is then loaded onto the ribs, which have been applied with sealant, and 
clamped using slave pins before the holes are drilled up to 4mm, countersunk and then 
fasteners are installed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 62 – Assembly flowchart for WP4 leading edge 
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WP3 FLE1- Percentage of total manufacturing time

24,50

18,18

18,73

17,63

14,98

5,99
Stage 1 Fixture 1A

Stage 1 Fixture 1

Stage 2 Fixture 2A

Stage 2 Fixture 2

Drilling skin and ribs to 4mm

Drilling sub spar and ribs to

4mm

4.7 Time study 

To meet the demands of high production rate the production has to be effective and have low 
lead times. This is done by having balanced stations were products have low waiting and 
minimum movement as possible between stations. Drilling and fettling operations will take a 
certain time, depending on material and dimensions of the holes. It was decided to assume 
that the drilling will take the same time for all components, but differ between 3-axis and 6-
axis machine. Estimated cycle times for drilling and fettling using a 6-axis and a 3-axis 
system was provided by Saab AB for the Airbus A350 leading edge. These cycle times are 
just estimations and will show the time it will take to drill and fettle one FLE1. A table of the 
different operations, stations and cycle time was made to show the work distribution. Hole 
pattern for the j-nose assembly and ribs were in the digital mock-ups and are also probably 
estimations since these are depending on the strength required in the final structure. Time it 
takes to do the manual work on each station is unknown and will not be brought up and the 
study is only on WP3 FLE1. 
 
With the suggested build philosophy for WP3 FLE1 the balance between the different fixtures 
is quite good when locking at the time for drilling and fettling operations. It also shows that in 
Stage 2 the time for opening up the holes probably takes the same amount of time as for the 
fettling operation. This means that two fixtures are needed in Stage 2 to balance the stations. 
If the robot are to carry out the fettling operation a rail is needed to move the robot between 
the two stations.   
 
 

 
 
 
Figure 63 – Chart to show the distribution of time between 
stations 

 

 

 

 

 

 
  Figure 64 – Layout of Stage 2 
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5. Conclusions and discussions 
From the beginning there were no real specifications on what this thesis would be about, 
instead it developed in time and therefore not so many simulations that were expected from 
the start were made.  
 
The new concepts for the fixed leading edge could very well be assembled with the suggested 
build philosophy. Flexible and simple fixtures were build up using BoxJoint were the kind of 
flexapod that was used were the TKL-Fleaxpod and the new modified TKL-Flexapods to hold 
and position the components. The two conceptual fixtures need some further work such as 
calculating their strength.  
 
In the drilling of the spreaders and track ribs a solution with a Tau-Gantry robot was chosen  
Another solution would be to have the ribs fitted to some kind of rotating holder that moves 
the ribs so that a fixed drill can be used. The fixed drill would be similar to the 3-axis machine 
mentioned earlier and moved along the fixed ribs. This solution was determined to be too 
complex for this thesis, but could be an interested solution for the future work. So instead a 
fixture was build to be able to be used with the Tau-Gantry robot. 
 
A completely automated assembly seems very difficult to achieve but the suggested areas for 
automating, i.e. the drilling and fettling operations, are with no doubt possible to shorten the 
lead time. Some investigation was made into balancing the different stations and in Stage 2 
two fixtures will probably be needed. 
 
The models there were available had clear differences from today’s A320, but the models 
were very similar to the parts involved in the A380. Therefore the suggested build philosophy 
has been influenced from the build philosophy available for the A380.   
  
There is still a lot of manually work in the assembly; this is mainly due to the necessary 
operations that are needed after each drilling operation. In Stage 2 there is still a lot of 
manually work and further research to investigate if it is possible to with the help of a robot 
install and remove slave pins during the drilling operation.  
 
For future work more information is needed on the fasteners and their positions and in general 
more info about the components. Another area in possible need of further investigation is the 
sealant and de-burring. If the cure time of the sealant could be reduced the total time for 
assembly would be shorter and de-burring could be unnecessary if combining new materials 
and operations to minimize the burrs. This would also shorten the time for cleaning and a lot 
of time would be saved.  
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7. Appendix 
 

Appendix 1 – Baseline product breakdown 
 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Appendix 2 - Fixed Leading Edge 1 Product Breakdown 
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Appendix 3 - Fixed Leading Edge 4 Product Breakdown 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Appendix 4 – Fixed Leading Edge WP4 Product Breakdown 


