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Abstract 
This master thesis is a development project that is carried out for process improvement and 

automation for the measurement equipment at “SAAB AB”, Linköping focusing on several sections 

including sheet metal, welding and pipe bending sections. Those are the core sections of the 

manufacturing of the latest fighter systems from “SAAB AB” such as Gripen, Neuron (unmanned 

aircraft) and other development projects.  

SAAB AB has the following issues: 

 Setup time of different parts in the specified departments is higher for the quality checking. 

 The quality inspection of different parts is manual and takes much time. 

 Use of scanning technology to reduce inspection time and increase reliability. 

The writers of the research work has done a comprehensive investigation and critical analysis of 

the current condition of the specified departments of “SAAB AB” and made a research work on 

how to make the process more efficient by implementing automation especially with the use of 

scanning technology and reduce the huge development cost.  

The developing process of a new product involves the manufacturing of prototypes and their work 

holding devices. The company in focus for this study often has to make very complex fixtures which 

are much time consuming and less cost efficient than if the firm would be able to use standardised 

fixtures. In addition the projects that involve the development of prototypes for one-piece 

production if unsuccessful are often closed without any future commercial production. The authors 

have tried to find out the solution for the development projects of “SAAB AB” by studying different 

Swedish and other renowned industries, mostly automobile and aerospace companies. Another 

task has been to choose vendors for the CMM and Laser Scanner products as well as suitable 

software for them. The thesis writing team has investigated the software and hardware systems of 

industrial metrology especially on the CMMs and Laser Scanners; their manufacturers and also the 

“Interoperability” issue that lies between the metrology software and 3D CAD modelling software.  

One of the big challenges has been to choose vendors for the hardware of measurement 

instruments from a very large market. The authors have selected suitable vendors of laser scanners 

and portable arms on the basis of market study, the features of those hardware to measure 

accurately, rapidly and quick setup. Choosing a specific model of hardware was avoided as this 

research work could be used, not only for this project rather than any other similar future 

reference for same types of research work. 

This project demands an overall solution that can be integrated within the parameters of the 

constraints such as CATIA V5 as software and also using MBD (Model Based Designing) models, 

Based on this the authors have chosen the most compatible software platform that can be found in 

the market today. 
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1.0 Introduction 

1.1 “SAAB AB” 
 

Saab is one of the few companies in the world with the ability to develop, integrate and maintain 

complete aircraft systems. Saab serves the global market with world-leading products, services and 

solutions from military defense to civil security. With operations on every continent, Saab 

continuously develops, adapts and improves new technology to meet customers’ changing needs. 

It’s most important markets today are Europe, South Africa, Australia and the US. Saab has around 

13,200 employees. Annual sales amount to around SEK 25 billion, of which research and 

development account for about 20 per cent of sales. 

When Saab, Svenska Aeroplan Aktiebolaget, was founded in 1937, its primary aim was to meet the 

need for a domestic military aircraft industry in Sweden. 

Fig 1.1 Gripen Fighter System, Courtesy of SAAB 

AB 
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1.1.1 The Aircraft Company 

 
With the deliveries of its first aircraft, the light bomber and reconnaissance aircraft B 17, Saab 

became the dominant supplier to the Swedish Air Force. Saab and the Swedish Air Force have 

progressed together through various generations of military jet aircraft, introducing world-leading 

technology every step of the way. 

In the late 1940’s Saab introduced the J 29 Tunnan fighter, which was followed in the 1950’s by 

Lansen and later by Draken (1960) and Viggen (1971). The first deliveries of Gripen, the first of the 

fourth generation fighter aircraft to enter service, began in 1993. In 1999 South Africa signed the 

first export order for Gripen. Since then the Czech Republic, Hungary and Thailand have also signed 

contracts. 

 

1.1.2 The Engineering Company  
 

Military aircraft production led not only to commercial aircraft production but also a number of 

other businesses and products. In the 1940’s automobile manufacture began. In the 1960’s Saab 

helped to create Sweden’s computer, missile and space industries. In 1969 Saab and Scania merged 

to form Saab-Scania, a company combining aircraft and defense systems with the manufacture of 

automobiles, trucks and buses. 

In 1990 the passenger car division became an independent company, Saab Automobile. Between 

2000 and 2010 Saab Automobile was wholly owned by General Motors, but was acquired by Dutch 

sports car manufacturer Spyker Cars in 2010. In 1995 Saab-Scania was demerged into two 

companies when business and truck manufacturer Scania was separated from Saab. 

 

1.1.3 The Defense and Security Company 
 

In 2000 Saab acquired the defense group Celsius, and with it over a century of Swedish defense 

industry history. Bofors, for example, has manufactured cannons since the 19th century. Some 

parts of Saab trace their roots back to Philips, Datasaab, Ericsson, AGA and Satt Electronics. By 

acquiring Celsius, Saab brought a large part of Swedish defense industry history together under one 

roof and created Scandinavia’s dominant company in the field. 

2007, Saab celebrated its 70th anniversary and the broad-based product range is more focused on 

future defense needs and a safer society. There has been a gradual shift in Saab's operations to be 

more internationally active, more civil security and more service supplier focused on solutions. 
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1.1.4 Current Status of the Metrology Section of “SAAB AB” 
 

Currently the sheet metal section that includes metal cutting, welding, forming, machining and pipe 

bending is mostly manually inspected for quality checking of the materials in “SAAB AB”, Linköping. 

This is the common section for both production and development purpose. Other than the pipe 

bending, the quality control checking is done by the workers by using manual methods (Calipers, 

gauges, micrometer, fixtures etc.). But in pipe bending section they have Laser arms for 

measurement of bending pipes. There lies no issue with the production portion of this section in 

terms of productivity and accuracy but for the development projects such as developing prototypes 

that might never be manufactured, the fixtures of these were very complex so that it took long 

time to make and also very costly. So the management of “SAAB AB” wants to replace human 

inspection with automatic scanning technology in few of the portions of the sheet metal section.  

 

1.2 Automation 
 

Automation may be termed as the use of control systems such as numerical control, programmable 

logic control and other industrial control systems to eliminate human labor partially or completely 

by controlling the different machines and process. Nowadays, information technologies such as 

computer aided technologies (CAD, CAM etc.) are integrated parts of automation and provide huge 

capabilities along with mechanical and electrical components. There is a bit difference between 

mechanization and automation; mechanization provided human operators with machinery to assist 

them with the muscular requirements of work whereas automation greatly reduces the human 

work both mental and physical as by this method, processes and systems can also be automated. 

Today, automation has been an inseparable tool for industrialization for many reasons such as to 

increase productivity, to increase the rate and accuracy level of the measurement and inspection, 

to reduce human labor that might be costly if compared and above all to reduce manufacturing 

cost to gain better profit margin. 

Automation has now been an important issue in the world economy as well as in our daily life. 

Engineers and other expertise are devoted to combine different automated devices with complex 

computer systems for rapidly expanding range of advanced applications and uses. Many 

responsibilities of humans are being transferred to different automation tools such as pattern and 

language recognition, pallet changing and even in assembly of different parts. This replacement has 

done some very good things that are currently on demand such as better accuracy, production 

rate, safety and above all manufacturing cost has been lower.  
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1.2.1 Why Automation 

 

 To get rid of the hard physical labor or monotonous work of humans. 

 To cope with working in potentially unsafe environments such as fire, space, volcanoes, 

nuclear plants etc. 

 To complete the jobs that are quite impossible for the humans such as handling heavy 

loads, perform task too fast etc. 

1.2.2 Against Automation 

 

 For very few companies, it is possible to make the process fully automated, the current 

technology is still not sufficient. 

 The development cost for automation is mostly unpredictable. It is always difficult to 

determine the final cost or even to predict it. Then it could change the business policy for a 

company as this cost can have a greater impact on the profit. 

 The initial cost of implementing the automation in an industry is huge. Off course this cost 

will affect the final price of the product so this clearly states that automation is not suitable 

for all types of industries and products.  

 

1.2.3 Controversial Factors 

 

 It is a general conception that automation creates unemployment as the human work is 

partially or completely replaced by the machine. Unemployment is caused due to the 

decisions made by administration as in most of the cases they do not define the new task 

for the people.  

 The automation and robotics are growing in such a speed that there is a strong possibility 

for these robots to be not only fully automated but also completely autonomous from the 

human beings (Technological Singularity). These could make revolution in industrialization 

and also the need of human labor.  

 

1.3 Automation in the Industry 
 

Automation in the Industry might be called conversion of a work method, a procedure, or 

equipment to mostly automated rather than manually or without the human interaction in the 

process. Automation does not imply only the transformation of human work functions to 

automated process but involves a deep integration of human and machines in the respective 

manner, thus the functions of human and machines have been redefined.  In the past years, 

automation was mainly defined by the electrical and mechanical components together to minimize 

human labor.  
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But with the advance of technology, computer has also been incorporated with those two and 

provides comprehensive workability and prospects on the way of automation. In some very 

advanced industry, it is quite possible to eliminate human labor up to zero percent! The 

automation in the industry can be done in five prior steps: 

 Phase I: Mechanization and Rationalization of Labor 

 Phase II: Automation of Production 

 Phase III: Computer-Aided Manufacturing (CAM) 

 Phase IV: Automated Engineering 

 Phase V: Automated Management 

 Phase VI: Computer-Integrated Manufacturing (CIM) 
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2.0 Automation in the field of Measurement  
 

There are many different methods and processes available for measurement. Each application has 

its own benefits and applications. In the recent past, these tools have become more sophisticated 

to cope with improved quality requirements.  

There is an increasing demand to improve quality standards and meet the customer requirements. 

This helps companies to avoid spending on already defective parts and processes. In order to 

succeed manufacturer need to measure each step during the manufacturing, including the product 

assembly that may have not been measured before. 

 

2.1 Manual Hand Tools 

Most of the people are familiar with manual instruments such as calipers and micrometers. These 

instruments are often used for simple geometric measurements like for the length and breadth of a 

rectangular part. These instruments are rarely applicable for complex parts, are very vulnerable to 

human mistake, and provide readings rather than data. This is a time consuming method and 

usually requires multiple reading at different points along the circle and then compare them to 

each other. Some of these are Calipers, Micrometers, and Meter Scale etc. 

Fig 2.1 Caliper (Courtesy of Mitotoyo) 
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Fig 2.2 Digital Micrometer  

(Courtesy of Mitotoyo) 

 

Fig 2.3 Meter Scale 

(Courtesy of Mitotoyo) 
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2.2 Optical Systems 

The main objective of the optical measurement is to determine the location and orientation of a 

body or object from a specified coordinate system. Optical tracking Optical comparators are a 

particular technology that uses images that are magnified parts that are then compared to a 

measuring scale on the visuals screen. But the application is limited for inspecting small parts. But 

the application is limited for inspecting small parts.  

There are generally two types of markers that are used in optical tracking: 

 Active Markers: Infrared-emitting markers that starts to work by an electrical signal. 

 Passive Markers: Spherical, retro-reflective markers that reflect infrared light, emitted by 

illuminators on the position sensor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig 2.4 Optical CMM (Courtesy of Mitotoyo) 

 



17 

 

 

2.3 CMM (Coordinate Measuring Machine) 

The introduction of CMM technology is one of the most important advances in industrial metrology 

in recent years. Coordinate measuring machines are mechanical system used to measure 3D 

coordinates with the help of probes. In its simplest form, a CMM is a rigid structure designed to 

measure points on a component in all three axis simultaneously, outputting the resulting Cartesian 

or polar co-ordinates for each points measured. As the output is in the form of electronic signal, 

readings can be fed directly into the computer which, with suitable customized software system, 

can be used to compute the size and location of wide range of features such as lines, planes, holes, 

tapers etc. from the computations, parameters such as straightness, roundness, squareness and 

concentricity can be calculated with a high accuracy and at a great speed avoiding of the 

involvement of the human error.  

 

 

 

 

 

 

Fig 2.5 Basic Structure of Vertical Arm CMM 

(Text: Fundemental of Manufacturing for Engineers; by T.F. Water) 
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2.3.1 Traditional (Fixed) CMMs  

Fixed CMMs have the facility of CAD software interaction and these possess high accuracy. 

However, because of size they require the part being measured to be taken to the CMM in a 

controlled environment). As manufactured subassemblies increase in size and are integrated into 

larger assemblies, they become less portable, thus limiting the use of a fixed CMM. If you utilize a 

fixed CMM, you must also possess hand measuring tools, or costly customized fixtures, to measure 

large or complex objects. The fixed CMM is also complicated to operate, therefore limiting the 

number of operators and users.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.6 Fixed Horizontal CMM 

(Courtesy of Zeiss) 
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2.3.2 Portable CMMs 

These possess almost same accuracy as fixed ones but with flexible to be mobile. The main 

difference between them is accuracy and size. This makes portable CMMs an economically feasible 

in many applications. They don’t require the controlled atmosphere and are relatively cost effective 

than a fixed CMM equipped with wireless leading cutting edge technology and software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.4 CAD Systems  

CMM technology is increasing in importance because use of CAD drawing and comparisons of the 

drawings with actual measurements. The use of CAD can reduce the processing time between 

design and changes while following strict quality and safety standards. There are various CAD 

software are available in the market especially for the automotive and aerospace industry such as 

CATIA, Solid works, Unigraphics NX and so on. Some of the features of all the CAD models are same 

but there are some particular differences according to specific job requirements. 

Fig 2.7 Portable Arm CMM 

(Courtesy of Hexagon Metrology AB) 
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The CAD systems are used comprehensively in different companies and those can be divided into 

few categories such as Automobile, Aerospace, Heavy equipment, Ship building, Medical and other 

industries. This “other” covers industries as engineering, home building, general construction, 

packaging, oil & gas, steel, architecture, transportation, distribution, electrical, 

telecommunications, power generation, refrigeration, air quality control, surveying, civil 

engineering, land development, government, defense, and more. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.8 Statistics of CAD User Industries, Ref Proficiency Inc. 
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Now, these different industries use different CAD systems according to their requirements. There 

are 2D, 2.5 D and also 3D CAD systems available but it is not necessary that every company must 

have to use 3D CAD systems. The heavy equipment, aerospace and automobile industries mostly 

use specialized 3D CAD systems those have additional facilities to perform their jobs.  

 

 

 

 

 

 

 

 

 

 

 

 

So far CATIA has been mostly used by the aerospace and automobile industries and it is becoming 

popular as the day progresses. It has got some special feature for those industries to make the 

designing very conveniently. Recently, the new version of CATIA has been released (CATIA V6) and 

that has special feature for working within a large group and this can be done from anywhere 

anytime. The French company “Dassault Systèmes” is the world leader in PLM and they are the 

authority for CATIA systems and SolidWorks. The blue colored cylinder shows their market share 

among the users of aerospace, automobile and heavy industries and that is more than one-third of 

the whole market. (More details on the different CAD models can be found in the Appendix A) 

 

Fig 2.9 Statistics of CAD User Industries, Ref Proficiency Inc. 
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2.5 Laser Trackers  

The tracker measures the angles and distance between the points. It fires a laser ray to a retro-

reflective target against the object to be measured. Light turned off the target rejoins its path, 

again entering the tracker at the same position it left.  Retro-reflective targets are of various kinds, 

but the most popular is the spherically-mounted retro-reflector (SMR). Upon re-entering the 

tracker the light, goes to a distance meter that calculates the distance from the tracker to the SMR. 

The distance meter may be calculated by one of two types—interferometer or absolute distance 

meter.  

Laser trackers have high accuracy levels and much larger measurement ranges (hundreds of feet in 

diameter). These are capable of data collection at high pace. Typical applications for a laser tracker 

are:  

 Alignment. Online object positioning 

 Installation. Machine leveling and positioning 

 Part inspection. Digital record of actual versus nominal data  

 Tool building. Tool building and setup positioning 

 Reverse engineering. Get highly accurate data 

Fig 2.11 Laser Tracker 

(Courtesy of Hexagon Metrology AB) 

 

Fig 2.10 Station for Laser Tracker 

(Courtesy of Hexagon Metrology AB) 
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Although there are multiple system options available in the modern metrology but the portable 

CMM and laser scanners seem to be the more popular choices. Companies are getting the results 

they need, while having the flexibility to use the instrument wherever and whenever it is most 

convenient. The savings that result from using portable CMMs include less scrap, reduced 

measuring times, and better product quality. These savings have allowed companies to see an 

improved and faster return on their investment, in many cases within 12 months. 

 

2.6 Articulated Arms 

It calculates the 3-D points in the space and shows them with the help of software. For calculating 

the position the rotational angle must be known. Radial length varies between two to six feet and 

the working volume is 6 to 12 feet approximately. 

Optical rotary encoders are used to determine the rotational angle. These encoders count rotations 

incrementally through detecting accurately spaced lines on a glass grating disc. The software is 

used to change the counting into angle changes. Arms have six axes of rotation, which means the 

instrument can move throughout varying orientations.  

Few of the applications for articulated arms could be as follows: 

 Dimensional analysis: Find measurements to get geometrical values and tolerances  

 CAD-based inspection: Compare directly against CAD drawings to get real values 

 On-machine inspection: Check the machine tools producing the parts 

 First article inspection: Check the actual parts to have comparison with CAD drawing 

 Alignment: Align parts to check variation  

 Reverse engineering: To make the part designs/drawings available online for comparisons  
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Fig 2.12 Modern 3D Laser Scanner (Courtesy of FARO) 

 

 

2.7 - 3D Laser Scanning 
 

2.7.1 - 3D Laser Scanning Technique 
 

In principle laser scanning technique is similar to photocopying of 2D objects but here the form is 

3D. The design of the 3D laser has the sensor mounted on to the axes and position controlled by 

computer or retrofitted to an existing CMM.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The heart of the technology is a dual camera probe which emits a diode based laser beam from the 

center. The ray is split into a plane of laser light that comes out of the probe and shines below on 

the surface of the object being scanned. Thus it forms a profile on the surface of the part. A two-

dimensional CCD (Charge Coupled Device) array similar to the one used in a home video camera is 

mounted on either side of the probe. They reside inside two identical optical sensors. The reflected 
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light form the profile on the surface of the object activates the pixels on the array inside one of the 

two sensors. The reason for having two sensors instead of one is that if for some reason the view of 

the profile on the surface of the object is blocked for one sensor there is always the second sensor 

that can pick up the same profile. The user can toggle between the two sensors 3D Laser Scanning 

points but only one is active at one time.  

2.7.2 Advantages  

The primary benefit of laser scanning is that the process is non-contact, fast and results in 

coordinate locations that occur directly on the surface of the scanned object. Also, while many 

touch probe systems attempt to compute true surface coordinates by sensing probe deflection, 

there are certain geometries where probe deflection can be "fooled”. After determining 

coordinates the electronic archiving of the real objects can be done. 

2.7.3 What Shapes Can It Digitize? 

Virtually any shape e.g. undercuts. 

Though used in large applications but it is intended for fine surfaces and complex geometries which 

are difficult to measure by probe. It is not designed to meet the accuracy of microns as desired by 

CMM. 

2.7.4 Is Laser Scanning "Easy" To Do? 

Every Laser Design's scanning system comes equipped with the Surveyor Scan Control. Surveyor 

Scan Control is a menu and mouse driven software that is used for driving the laser probe over the 

part with the aid of a joystick as well as retrieving data and storing it on the hard drive. It allows 

"programming" of the system so that the laser probe mounted on a motion control system will 

follow an already given way in 3D space over the object being scanned. Programming itself needs 

no code to be written. Though it is easy to use, some prior experience with a 3D CAD/CAM package 

is desirable. 

2.7.5 How Is The Data Obtained From Laser Scanning Useful? 

The data acquired from laser scanning, can be used during the product design phase to input 

physical models into CAD/CAM world, during the manufacturing phase to generate tool paths for 

machining and also during the quality assurance phase to verify dimensional accuracy of the final 

product.  

2.7.6 Manipulate Laser Scanned Data 

There are different software packages available in the market that can import data and use it for 

different calculations and post processing. Laser Design Inc. proprietary software Surveyor Scan 

Control can be used for data collection as well as initial processing and clean up. A 3D model is then 

created either with software programs like Geomagic Studio. The selection of the software to use 

depends on application and environment. 
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3.0 Challenges of Implementing Automated Measurement 
 

It could be a challenging job to implement a whole new system for a company which has been 

running its business for long time successfully. A company need a huge investment as well as it is 

going to take the risk of proving the decision of implementing automation was better. There could 

be lots of things that needs very close observation and investigation to overcome those challenges 

in different sectors of the company. Firstly, automation needs a full new set of skilled workforce 

and that needs time and training. Their job responsibilities should be redefined and renewed. It is 

expected and obvious that after implementing automation, the number of the previous workers 

and employees should be reduced by a good margin and that could be a management issue with 

the labor association. Apart from the general complications mentioned, there are some technical 

issues as well in implementing automation especially in Metrology Section. These could be as 

follows: 

 

3.1 Software Issue 

3.1.1 Interoperability 
 

In software field, the term “Interoperability” is meant to describe the issue of data loss that lies 

between different software (especially between CAD and other software that utilizes CAD design) 

when the data is transferred from one platform to another. For example, if a CAD design for an 

aeroplane is done by a particular computer program and then it is transferred to the metrology 

software for inspection purpose; most of the cases there always seem some data loss. Sometimes 

these data loss is inaccessible and always have the possibility to skip the required dimension of the 

desired design.  

The challenge with interoperability is so vital that if the product of the competitor is not 

interoperable with the well-known product that is already accepted by the customers, then there 

are two possible outcomes from this; either there could be monopoly in the market or the market 

failure. This could be happened for less knowledge of patents, trade secrets and above all co-

ordination mismatch with the existing product.  

 

3.1.2 Interoperability at a Glance 

 Usually Metrology systems are combined with the products from different companies 
known as vendors. 

 It is very challenging and in term of money it is very much costly to design any metrology 
system of any company with components from different vendors. As the various 
components from different vendors usually don’t support each other without any 
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modification. This modification is not only difficult but also expensive as it needs some 
expertise to do that. 

 So to avoid all these issues, customers usually buy all the products with accessories from 
the same vendors.  

To design a product faster at cheaper cost and in a highly efficient way, most of the aerospace, 

automobile and other technologically advanced companies might be interested to implement new 

CAD system for the design department with most advanced modelling tools and other features. But 

it needs lot of consideration when they do this in the real life and that is CAD software vendors 

upgrade the functionality of the software several times in a year and also change the full system in 

few years. But the metrology software vendors do not upgrade the software so frequently and rely 

on the previous versions.  

When exchanging data, the most challenging job is that many internal product descriptions and 

representations that could be lost. Right now, two types of systems available for exchanging data: 

one of them is data exchange using the system that incorporates same modelling kernel such as 

Para-solid by UGS and the second type is using translator separately that translates the CAD data to 

a neutral format and then it exchanges that data to the required format. Though in the first format, 

it is expected that there should not be any data loss but in reality it does create some challenges 

On the other hand, the translator that exchanges data between two different systems can fail for 

many reasons particularly it could be occurred by the accuracy and mathematical conditions used 

while performing calculations with surface, curve and volume and topology for solid models (More 

details on real life issues such as loss due to interoperability are described in the Appendix A). 

 

3.1.3 CAD Software Selection 
 

For engineering design especially in 3D, there could be different choices depending on the types of 

works that is needed by different companies. In Automobile and Aerospace companies, there are 

some popular software such as CATIA, Unigraphics Siemens, Solid Works and so on. But if a 

company already has particular CAD software, it needs lots of consideration to completely change 

to another platform. One reason is that if there exists lots of files that are necessary, is not easy to 

convert those design to another CAD design without any data loss. The other reason could be that 

it needs some training and also time to get accustomed with the completely new set of CAD 

software. In case of SAAB AB, they already have the CATIA V4 and V5, so they don’t want to change 

CATIA platform but they want to upgrade CATIA V4 to CATIA V5. There is also the newest version of 

CATIA is available now (CATIA V6) that comes with some new features such as better simulation of 

the designed product directly and strong networking facility which will make sure that you can 

design from anywhere and in a group.  
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3.2 CMM, Hardware and Software Selection  
 

3.2.1 How to choose a CMM 
 

There are two main classification of CMMs; Manual and automatic. If the production line is 

measuring small parts with simple geometry and dissimilar in design, the manual CMMs are the 

best. But if the design geometry is very complex and heavy, then automatic CMMs are the best 

choice. When choosing CMM, there are few other things that need to be considered depending on 

the operations, such as: 

CMM Types 

 

a. Vertical CMM: The main characteristics of the Vertical CMMs are that their probes are attached 
to the vertical axis of the machine body. In general the vertical CMMs are more rigid and stable as 
there are less moving parts attached to the functional body, for this reason most of the times, 
these types of CMMs are more accurate compared to other types. Vertical CMMs are available in 
all sizes, so these CMMs can handle almost every part. So it is used from small industries such as 
gear manufacturer to very big such as aerospace industries. 

 
b. Horizontal CMM: The Horizontal arm CMMs are characterized by the probes that are mounted 
on the horizontal axis of the machine body. These types of CMMs are specially used in those sorts 
of fields where larger parts are needed to be measured as a whole. The general applications of 
these CMMs are measuring the whole automotive body or big aircraft parts. These types of CMMs 
are usually less rigid and have medium level of accuracy as there is support in only one side. 

c. Portable CMM: The name of this CMM properly gives the idea of the function of it. When the 
parts are so big or inconvenient to bring near the measuring machine or to move it then the 
portable CMMs are the best solution for inspection task. These can be placed or mounted near the 
assembly parts or sometimes even inside the assembly unit. By this way, portable CMMs can save 
time that would be required to bring the parts and also parts handling. But generally the accuracy 
of these CMMs is less than both horizontal and vertical CMMs. 

 

Accuracy and repeatability of the CMM 

 

The accuracy of the CMM is a very important issue for the users depending on the purpose they are 

going to use. As the price of the CMMs are highly dependent on the accuracy of the CMMs. The 

small change in accuracy can be reflected highly on the price of CMMs, so one should be very 

careful about the exact need of accuracy of his products and parts he would be measuring.  The 

repeatability is the quality of giving the same result while measuring the same object any time that 

is the consistency of measuring known dimensions.  
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Location of the CMMs 

 

Location of the CMM is also an important as it could help saving the time of production only the 

location is perfect for the CMMs. The general conception is that they should be placed very close to 

manufacturing line. The CMMs should also have user friendly interface so that the operator with 

little knowledge can properly handle the measuring machine and can also fix little corrections if 

any. 

 

3.2.2 Selecting the Right Software for the CMMs  
 
Nowadays the software for the CMM operation has been developed a lot so operators who usually 

use this, do not need that much knowledge of computer. As the most of the CMMs today are 

Menu-driven and therefore it usually asks the operators what things he wants to do and also give 

some possible solutions. So when choosing a CMM software, one must bear in mind about the 

better one is that which is easier to use. The software should be PC-based and should be easy to 

upgrade. The software should be such that if it is upgraded to newer versions, it should also 

support all the files of the previous versions. The graphical representation of the measured data 

should be such that it clearly fulfills the requirements by the users though it may vary from one 

person to another. 

Data transfer is one of the most important things while choosing metrology software as otherwise 

it could create severe challenges. Dimensional Measurement Interface Specification (DMIS) is one 

that can transfer CMM data to CAD software or vice versa. So if the CMM software and CAD 

software is not compatible to each other, then it creates interoperability issue.  It also should 

facilitate offline programming and update data from CAD design and thereby develop inspection 

routine. 
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3.4 Laser Scanners & Laser Trackers 
 

3.4.1 3D Laser Scanner Selection Criteria 

 It is a device that can trace all of the dimensions of an object or surface onto PC. These are 
particularly useful for the one working in design field e.g. mechanical design, reverse engineering, 
part inspection, and more. There is variety of 3D laser scanners in the market, with prices varying 
from the few thousand to the millions.  

The portable scanning system 

It includes a localizer, which is commonly a measuring arm that can be of different sizes.  It has a 
controller with the sensor. The sensor is used to scan the object. It creates a line till 458000 points 
each second. Then the software synchronizes the full operation and it puts collectively the points 
created by the laser sensor with the help of position of the measuring arm.  

 

 

 

 

 

 

 

 

 

       Fig 3.1: Portable Laser Scanner, Courtesy of Hexagon Metrology 

 

Automatic Scanners 

These machines have 3D laser scanning machine along with robotic arm. These can scan at the rate 
of 23040 points per second and can offer even more in depth and precise information about an 
object in a shorter sum of time. If one opts to use it with a robotic arm, one can inspect panels and 
other such kind of parts. This reduces the time required for inspection and can present you color 
and other information regarding an object. 
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New version of the mobile scanner can reach spaces where it couldn't go earlier. This scanner has a 
position spacing of 0.0097 inch and it offers an accuracy of 0.0047 inches. It can scan at 30,000 
points per second. This provides a greater degree of accuracy than has been available before, or 
something that links the two. Now one has the whole thing in one package. These mobile scans are 
easy to connect to PC with USB or Firewall. They also include software that lets one automatically 
process data from your scanning operation of a physical object, so that one can have incredibly 
accurate surface models with polygons. 

Some of the very renowned companies especially the aerospace and automobile companies in 
Sweden and also over the world have been using scanning techniques for measurement for a long 
time and have become successful. By using this technology, the reliability has been increased and 
also the measuring time is reduced by a big margin and ultimately these things go to the 
manufacturing cost and profit. (For more details please go to Appendix A) 
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4.0 Case study and Investigation at SAAB AB 
 
For the measurement of sheet metal, machinery, plumbing and tube bending sections of “SAAB AB”,they 

use mostly manual hand tools. Thickness Measurements and hole diameters are measured manually with 

calipers and micrometers, and two-and three point gauges for holes. This approach is time consuming and it 

requires a measuring surface (drawing) which describes what should be measured. For sheet metal 

applications physical shape control tools are used mainly to direct and control the shape of the 

article conducted after forming and heat treatment. These templates are expensive tools to plan, 

construct, prepare, produce, validate, verify and periodically calibrate. In the tube bending and 

welding are used either as control tool or CMM for shape control of the article. It is obvious that 

the small series of production that causes relatively high per unit cost. In addition, it is very 

important that physical tools "steal" the product of tolerance, because the tools themselves 

require manufacturing tolerance.  

All data, as well as design and production base is developed and produced in CATIA work in “SAAB 

AB”. CATIA V5 has now become a standard for computer-based engineering support for aviation, 

especially for the development and production of construction documents.  

 

Now, the following conditions and information are provided by SAAB AB that is currently used by them and 

for offering recommendation authors of the thesis used them: 

 

4.1 Form and Positional Tolerance (all types): 
 

Machining  

 ±0.2 mm (form and positional tolerance on airframe outer mold lines and interface mating 

surfaces), ±0.05 mm (position tolerance on holes), contour tolerance ±0.5 mm. 

 Plane tolerance (machining) 

 Machining = ±0.1 mm 

 Position accuracy on holes (machining, sheet metal, tubing) 

 Machining = Equal tolerance requirements as hole diameters, example H7 

 Sheet metal = ±0.2 mm 

 Tubing = ±0.2 mm 

Dimensional tolerances (thicknesses, diameters) (machining, sheet metal, welding) 

 Machining = Holes 7:th grade of tolerance, normally H7, thicknesses ±0.2 mm 

 Sheet metal = Holes 9:th grade of tolerance, normally 6H9 (0.036) 

 Welding = Holes ±0.5 mm 
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4.2 Investigation and Evaluation 
 

The thesis was started by getting some of the ideas about the subject matter of the assignment and 

related background study of the industrial metrology. The initial plans were to make a pre-study of 

industrial metrology, interoperability and different vendors of measurement devices in aerospace 

industries. At the beginning, a visit to “SAAB AB” was absolutely necessary to observe the working 

process and procedure. However it was not done at the very beginning, but it gave the authors 

longer time to investigate more about other aerospace companies and go to the deep of 

interoperability issue which proved really helpful later on for the authors.  Luckily enough, the 

authors had the opportunity to visit some relevant industries of the vendors for industrial 

metrology such as “Mitotoyo AB” at Upplands Väsby. The authors got very important information 

about automation and measurement for different industries especially the aerospace and 

automobile industries of Sweden. 

 

After visiting “SAAB AB” and after a long discussion with the responsible person for the research 

work from the company, the authors came to know that the management was very interested in 

scanning technology and any other technique that could actually improve the process. After that 

the writers started to study and investigate on the scanning technology especially Laser Scanning 

and Laser Arms and other automatic measurement tools. By this time, the authors had the 

opportunity to visit “Hexagon Metrology AB” at Eskilstuna, one of the giant companies in the field 

of Industrial Metrology. Investigating few of the companies in the field of metrology was really 

helpful to compare and evaluate the similar products, their policy and economical aspects that 

might be useful for the management level of the relevant companies when they would go to 

implement the Laser Scanner, Laser Arms, CMMs and other relevant products. There were some 

more to come for the authors; there was an exhibition on industrial metrology called “Tekniska 

Mässan” that was held in Stockholm in the meantime, some of the latest technologies were 

showed there from the top companies in the field of industrial metrology from the whole world. 

The authors got some luck to visit that exhibition and investigate few of the companies in the field 

of industrial metrology. 
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4.3 Approximate Purchasing Cost (Including Setup Cost):  
 

To know exact cost of CMMs and Laser Scanner and other associated products, was bit challenging 

for the authors as it is confidential not announced on the websites and also it differs with the 

choice of different models of hardware depending on several issues such as accuracy, setup time, 

features etc. The approximate price list that is presented here was collected form “Hexagon 

Metrology” and the approximation is as follows: 

 Laser Arm only = 35,000 EURO 

 Laser Scanner + Arm = 100,000 – 120,000 EURO 

 Laser Tracker = 80,000 – 200,000 EURO 

 CMMs = 35,000 – 500,000 EURO 

 Install New Software (PC-DMIS)  = 1,500 – 2,500 EURO 

 

The most of the Scanning systems supplied by the Hexagon Metrology are currently equipped with 

PC based system that runs on Windows XP but after the end of 2010, they will be equipped with 

Windows 7.  

 

4.4 Maintenance Cost 
 
The maintenance cost is not the same for all types of hardware and also different according to the 

contract with the company. Generally the maintenance that is calibration of the accuracy and other 

issue is done once in a year. But other minor maintenance can be done both by the vendors or 

company by their own. The general maintenance cost that is done yearly for calibration is usually 

nearly 1,500 EURO. 
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4.5 Capability Index for CMMs, Laser Scanner/ Arms: 
 

The writers of the thesis have developed a table of comparing the issues such as accuracy, cost and 

set up time for the CMMs, Laser Scanner and Arms/Portable CMMs. It would give a simple idea 

about their capability and suitability for any certain company and for specific job. Here the rating 

has been done between “1-5” and 5 is the best rating for any matter and 1 is the lowest rating. 

That is more desirable subject matter gets more rating, for example; better accuracy is desirable, so 

better accuracy means higher rating. On the contrary, less cost is desirable, so less cost gets higher 

rating. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.1: The Achievable Accuracy by different Measuring Devices  

(Source: Tekniska Massan 2010) 

 
 
Table 4.1: Rating Based on Maximum and Minimum Cost 

 
 

 

 

 

 

 

 

 

Cost (Euro) Rating 

400, 000 - 500, 000 1 - 2 

200, 000 – 400, 000 3 - 4 

10, 000 – 200, 000 5 
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Table 4.2: Rating based on minimum and maximum setup time. 

 

 

 

 

 

 

 

 

Rating for CMMs, Laser Scanners and Arms: 

 

Table 4.3 Approximate Rating of the Different Measuring Devices 

 

 

*A = Accuracy Rating of the Measuring System 

*C = Cost Rating of the Measuring System 

*ST = Setup Time Rating for the Measuring System 

*O = Overall rating of the Measuring System    

 

This indexing table is little tricky to use and dependent on the hardware one chooses. For example, 

there are more or less accurate CMMs can be found in the market and for that the price will be 

accordingly more or less, so if anyone chooses less accuracy CMM with low price; the rating for 

accuracy will decrease but the rating for price will increase as it is low and the rating for it should 

be high and so on. So this indexing table is not constant for all models and can be used on the 

choice of user. 

Set Up Time (min) Rating 

Less than 10 min 5 

Less than 20 min 3 - 4 

Greater than 20 min 1 - 2 

 

Operation 

Approximate Rating (Based on 1-5) 

CMM Laser Scanner Arms/Portable CMM 

*A *C *ST *O *A *C *ST *O *A *C *ST *O 

Bended Tubes 5 2 3 3.33 4 4 4 4.0 3 3 5 3.67 

Sheet Metal 4 3 3 3.33 3 3 3 3.0 2 3 4 3.0 
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5.0 Conclusion and Further Recommendation 
 

5.1 Recommended Company 
 

The authors investigated few of the vendors (companies) in the field of industrial metrology and 

also the different metrology and CAD software. The vendors were compared based on their 

product variety, price of similar products, the time between order to get a product and service. The 

software and CAD systems were evaluated on the basis of their capability and compatibility 

between CAD and metrology software.  Between the different companies authors offer “Hexagon 

Metrology” is the recommended company as a vendor for “SAAB AB” for most of the machines and 

parts. The reasons behind choosing Hexagon are many, for example; it has the most product 

variety, the cost for the measurement devices  of same specification are little lower and also the 

delivery time for most of the products is shorter. 

 

5.2 Recommended Software Platforms 
 

For engineering design there are many CAD models available in the market, but among them the 

authors offer the recommendation for CATIA V5, though there are CATIA V6 is already available in 

the market. But the latest metrology software does not support the latest version of CATIA. The 

reason to recommend CATIA V5 is that for the aerospace part designing, it has separate module 

and it covers most of the features of CATIA V6 and V4. So in future, even if upgrade is needed or 

transfer some files is necessary from the previous version that would not make any problem. 

The writers of the thesis have also evaluated few software for the CMMs and Laser Scanners. Most 

of the companies of CMM and Laser scanner manufacturers have their own software for their 

hardware. As “SAAB AB” has the CATIA V4 & V5 as the engineering design software and PC-DMIS is 

the most compatible software system so far with the CATIA V4 and V5. PC-DMIS is used by most of 

the CMMs and Laser Scanners of Hexagon Metrology measuring devices as well. So the researcher 

offers recommendation is the latest version of PC-DMIS (PC-DMIS 2010).  
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5.3 Recommendation for Different Operation 
 

Based on the accuracy required, faster setup time and quick inspection rate, some of the 

recommendation for different operations and parts are as follows: 

5.3.1 Turning Parts 

 For Turing CMMs should be the first choice. (If CMMs are chosen, then the latest 

models of CMMs from Hexagon Metrology such as DEA Micro/Global, Leitz 

Micro/PMM or DEA ALPHA/DELTA should be good). 

 Laser Scanner/Arms (Such as: Leica T-Scan/Probe/Scan or Romer Absolute Arms with 

integrated Scanner) can also be used but it might not be that much cost effective as 

the CMMs. 

 If very much precise and smooth operation is needed the dedicated TESA Scan (Such 

as: TESA-Scan 50 C Plus) could be very useful. But using the dedicated measurement 

system is only recommended if the time saving is absolutely necessary and the 

number of products are huge because for this there is “ZERO” set up time  

 

5.3.2 Milling Parts 

 Like turning operation, in case of Milling also CMMs are the first choice. 

 

5.3.3 Holes in the parts 

 Laser scanner should be the first option for the purpose. 

 CMMs can also be the second choice and can be used though it could be more time 

consuming and setup time would be more. 

 

5.3.4 Welded Parts 

 In this case, both CMMs and Laser Arms can be used. But depending on your 

requirements, it should be chosen (please read further recommendations section for 

details). 

 

5.3.5 Bended Tubes 

 Laser Arms are preferred for this operation. 

 CMMs can also be used but it would be more complex and time consuming to 

complete measuring. 

 

5.3.6 Sheet Metal Parts 

 Both Laser Trackers (Such as: Leica T-Scan/Probe/Scan/Absolute Tracker) and CMMs 

can be used for this (please read further recommendations section for details). 
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 But CMMs are recommended by Hexagon Metrology. 

 Otherwise, automated 3D Shop Floor Optical Measurement such as CogniTens 

OptiCell can also be used. That can measure very big parts conveniently so again it’s 

up to the requirements. 

 

5.3.7 Flexible Fixture 
 

Due to time constraint, the investigation about flexible fixture was almost untouched. But while 

visiting “Hexagon Metrology AB”, the authors had a little discussion with the production manager 

of Hexagon about the challenging matters of “SAAB AB”. The production manager of the company 

demonstrated the authors a potential solution of it. Hexagon has few ready flexible structures that 

can support small parts very easily and it is very fast. But for the very complex design there were no 

flexible structures by the time the researcher made the visit. But more research work on it can be 

done to find more accurate answers and also “SAAB” authority can contact “Hexagon Metrology” 

directly to find the proper answer and can see if they can provide some useful fixture. 

  

5.4 Further Recommendation 
 

1. When a comprehensive study was made on the scanning technology, the report writers 

found in most of the fields of measuring systems that the CMMs or other dedicated 

measuring devices are still the first choice by the experts rather than the Laser Scanner or 

Arms. The Laser Scanner or Arms are mostly suitable for long or very large parts usually with 

less accuracy although there are certain fields such as bending measurement and prototype 

making or in development purposes, they have their good applications. When making 

decisions to implement scanning technology, the management should be quite concerned 

about the proper and exact function of the system and based on that they could either 

retrofit the old system or implement the whole new system.  

2. There lies one large cost effectiveness issue of the laser scanners over the CMMs. CMMs do 

have their operating temperature range, mostly between 20-22 degree (Celsius Scale) and if 

this temperature is not maintained the accuracy of the CMM probes decreases sharply. That 

means CMMs demand a controlled room where the temperature is maintained and that 

means extra costing. But for the Laser Scanners, they have a very broad range of operating 

temperature. So there is no need to build the controlled room and also maintaining it.  

3. Retrofit could be a decent option for those who have already a scanning system that is old 

enough to fulfill the current demand and who doesn’t want to spend more on this. The 

good thing is that some of the companies who provide retrofit facility for the old system; 

they provide the same warranty as the new system.  
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4. Again if any company wants to buy the brand new system, they should always be concerned 

about the few very important things such as the level of accuracy they want from the CMM 

or Laser scanner, the speed of measuring and setup time, the size of the product to be 

measured and last but not the least is the economical aspect. As only change of accuracy in 

few micrometer can demand huge change in price, so the exact need and making decision 

to buy it should be done decently. 

5. For engineering design and modeling, it is always better to use the same CAD software in 

the whole company if there is no special exception. So then it is easier to choose metrology 

hardware system. The reason is, if there are more than one CAD design software are 

available within the company, it is more challenging to deal with the interoperability issue. 

It is also recommended that the whole system of hardware should be bought from one 

company and it makes many things easier to handle such as maintenance issue, 

compatibility, warranty and other issues. 

6. Due to some constraints the thesis took some longer time and also our thesis goal was 

extended on the half way, though it gave the opportunity for the writers to go deep of 

different issues. Some areas needs detailed research such as implementing flexible fixtures 

for the development purpose, the process improvement methods for different department 

of “SAAB AB” and the detailed cost analysis of the total project of implementing the brand 

new system to make it totally practical and readily usable. But these areas are very 

comprehensive and needs lots of research and other information and most importantly one 

has to be close to the system or process and observe carefully to make some 

recommendation. So the recommendation by the authors is that a more detailed research 

could be done to investigate each and every sort of issues that were dealt with and it could 

be a very important reference for the automotive and aerospace companies whenever the 

management is going to take decisions of purchasing automated inspection system. 
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6.2 Web Reference (Ref. taken between April to December, 2010) 

 

 http://www.isd.mel.nist.gov/projects/metrology_interoperability/index.htm 

 http://www.loreti.it/Download/PDF/Scanner/faq.pdf 

 http://en.wikipedia.org/wiki/Numerical_control 

 http://www.qualitydigest.com/inside/metrology-article/how-laser-trackers-work.html 

 http://web.mit.edu/slava/homepage/articles/Gerovitch-Automation.pdf 

 http://en.wikipedia.org/wiki/Motion_capture 

 http://en.wikipedia.org/wiki/Supply_chain_management 

 http://www.qualitydigest.com/inside/metrology-article/advances-measurement-tools-

portable-cmms.html 

 http://www.saabgroup.com/ 

 http://www.hexagonmetrology.se/ 

 http://www.zeiss.com/ 

 http://www.nikonmetrology.com/ 

 http://www.nikonmetrology.com/case_studies/cmm_scanners/volvo_cars/ 

 http://www.faro.com/content.aspx?ct=uk&content=news&item=575&tab=3 

 http://www.leica-

geosystems.com/downloads123/m1/metrology/general/case%20studies/ABB%20Robotics_Vasteras

_CS_en.pdf 

 http://www.cmmquarterly.com/ezine/current-issure/current-issue/233-siemens-verifies-turbine-

blade-geometry-with-metris-laser-scanners 

 http://www-01.ibm.com/common/ssi/rep_ca/4/897/ENUS210-014/ENUS210-014.PDF 

 http://www.caddigest.com/subjects/solidworks/select/cadcamnet_catia.htm 
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1.0 The Reference of Renowned Companies using Scanning 

Technology (Swedish and Worldwide) 
 

1.1 Volvo Car: Metris Laser Scanner Speeds up Body Geometry 

Verification  
 

The innovative Metris Cross Scanner is used at Volvo Cars Gent to further accelerate the design-

through-manufacturing process for its brand new Volvo XC60 crossover vehicle. By digitizing 

physical sheet metal and plastic body parts and virtually assembling vehicle bodies in software, 

Volvo engineers completed pre-production geometry verification nearly twice as fast! 3D laser 

scanning technology, point cloud processing and virtual assembly shortened physical evaluation of 

prototypes and eliminates the need for costly specialized verification tooling. 

Volvo Cars built up a solid reputation in terms of vehicle safety, environment and design. Recently, 

the Swedish car maker released the brand new Volvo XC60, which currently stirs up the new 

crossover vehicle segment. The vehicle body of this innovative car required the coordination of 

many different groups to design and manufacture. Sheet metal stamping and welding in 

combination with the use of new materials and joining technologies set ever-tougher geometric 

challenges. Process and product tolerances as well as material and equipment behavior can 

influence body geometry, when shifting from vehicle body CAD model to physical nominal model 

and finally to serial-produced car. The position of edges, holes and other geometric features plays 

an essential role in correctly assembling the different body parts of a passenger vehicle. In 2005, 

Belgium-based Volvo Cars Gent and Metris (Leuven) participated in a project that aimed to 

streamline the pre-production phases by simplifying the geometric body verification process. Both 

companies joined forces to develop a new geometric verification method for vehicle bodies, which 

builds on a digital inspection process using 3D scanning and virtual assembly.  

This method provides better insight and effectiveness compared to traditional body tuning, which 

involves extensive tactile inspection, physical part conflict analysis and complex verification tooling. 
 

 

1.1.1 Ground-Breaking 3d Cross Laser Scanner Technology 
 

In close collaboration with Volvo Cars, Metris optimized its existing cross scanner to match the 

performance level required to drive the new geometric verification method. Both Volvo and Metris 

jointly integrated the laser scanner for use on horizontal-arm CMMs, and increased the scanner’s 

field-of-view depth. The increased scanning standoff distance range offers higher measuring 

flexibility and better access to clamped body components. The cross scanner incorporates 3 laser 

beam / digital camera sets, each shifted 120 degrees in position. This allows the laser scanner to 
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capture slots, sleeves, holes and other features in a single scan. Although inherently designed for 

scanning geometric features, the cross scanner is also suitable for digitizing 3D surfaces and edges. 

The positions of features and edges are imperative to correctly mate parts and assemble car 

bodies. The development work also impacted laser optics technology and digital data processing. 

The cross scanner design has been enhanced to flexibly deal with all material types and colors 

without the use of spray. Now, reflective sheet metal as well as painted surfaces can be captured 

quickly and reliably. Laser scanning generates point cloud data at high scan rates, which by far 

outperform tactile point-by-point acquisition technology.  

Furthermore, it is much easier to define the linear and polygon scanner travel paths than to specify 

individual touch sensor points for a tactile inspection job. 

 

1.1.2 Faster and Better Volvo Xc60 Body Geometry Verification 

  
In the pre-production stage at Volvo Cars, metrology engineers scan sheet metal and castings (steel 

and aluminum) as well as composite and plastic body parts. After acquiring data at approximately 

20 micron accuracy, they filter the resulting point cloud, and analyze geometry against nominal 

CAD data. Volvo Cars relies on digital graphic reports to evaluate the parts, and streamline supplier 

interaction with regards to adjusting molding and stamping equipment. Digital component 

verification only requires standard holding fixtures, whereas traditional inspection methods 

demand costly dedicated positioning and fixation tooling. After digitizing individual parts, engineers 

align and virtually assemble sheet metal, interior, exterior and chassis components in software in 

order to build a complete virtual vehicle body. Even before body parts are physically assembled, 

the new geometric verification approach already gives information about potential part fitting 

issues. To run specialized investigations, virtual body assembly models are loaded into dedicated 

software for reverse engineering, variation analysis, and spring-back prediction, for example. 

Analysis between scanned and numerical vehicle body models enables us to efficiently tune 

component geometry to fall within the assembly processing window. 

 

1.1.3 Verifying Surfaces and Features Using Handheld Laser Scanners 

The collaboration project with Volvo Cars also contributed to the development of K-Scan, a 

handheld laser scanner with a single laser stripe for in-situ inspection. An optical CMM 

continuously tracks the scanner so that the operator can freely walk around and take scans in an 

area that spans an entire vehicle. Volvo engineers use K-Scan to verify flush & gap, body 

deformation and static/dynamic geometry on prototype or early production vehicles. Color-coded 

visual inspection reports illustrate how flush & gap evolves along complete spines in between hood 

and front fender, for example. Optical handheld verification is used in special applications where 

manual methods fall short, or in case an urgent issue comes up that needs fast troubleshooting. In 

summary, the new process reduces times for matching loops, and realizes an important cost 

reduction for test materials and screwed body, nominal blue bucks and dedicated fixtures. Virtual 
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verification on the basis of 3D scanning is a major step forward. This project received the Henry 

Ford Technology Award in Detroit. 3D scanning covers reverse engineering of clay models, virtual 

geometry verification of vehicle body structures, and geometric feedback data collection. 

 

1.1.4 Reduction in Number of Geometry Iteration Loops  

When preparing production rollout for the Volvo C30 in 2006, the virtual body geometry method 

has been applied and evaluated for the first time. In parallel, traditional tactile verification methods 

were performed to set benchmarks in terms of inspection precision and throughput. When 

ramping up Volvo XC60 production in 2008, the company actually managed to reduce geometry 

iteration loops and the lead-time of individual loops. Fewer physical evaluation prototypes also 

reduce material scrap and decrease expenditure of complex verification tooling, such as body-in-

white cubing.3D scanning technologies are already well accepted at Volvo Cars where they are 

used in different stages of the car manufacturing process. Non-contact metrology is systematically 

applied in the early design stages when engineering styling by digitizing clay models. In pre-

production, engineering intensively digitizes body parts and body-in-white structures to optimize 

part manufacturing and assembly. After kicking off serial production, specific aspects of car 

components or full cars are scanned to serve as SPC samples for quality monitoring and product 

audit purposes. For the future, an important role for laser scanning is seen as a key enabler of in-

line quality control .The successful project was partially funded by IWT, a Belgian institution 

supported by the Flemish Government that encourages technological innovation projects, and 

managed by Flanders’ DRIVE, an innovation and collaboration platform for the Flemish vehicle 

industry. 
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1.2 Volvo: Press Line Simulation based on LS 3D scanning (With FARO) 
 

Volvo Cars has together with ATS AB, the Swedish distributor for the FARO Laser Scanner LS, 

performed a pilot project to improve productivity in three of the press-lines at the large press-shop 

in Olofström, Sweden. The goal was to make detailed computer models based on 3D scans taken by 

the LS Scanner, which will be used in the planning and simulation process, to reduce downtime in 

the press-shop. The validation and Press Line Simulations are made in eM-Press, a program from 

UGS/Tecnomatix. Many of the press lines lack good 3D-data. They have also been modernised and 

modified over the years. Through careful positioning of the LS Scanner inside and along the press-

line the recorded data can be used to create high quality models. 

"The accuracy of the models is much better than with conventional methods of manual 

measurement. It also gives a good general picture and is a complement when converting 2D 

drawings to 3D models" says Nima K Nia at VCIT, leader of the simulation project. Press lines are 

normally running 24 hours a day during the week leaving no time for anything except production. 

Together with Volvo Cars, ATS has developed a methodology to efficiently scan complete press-

lines in just 20 hours during the weekend halt in production. "We had to further develop the 

methodology we normally use when scanning plants capturing data for 3D layouts", says Rolf 

Berlin, ATS AB. The demands for accuracy are 5 times higher in the press lines compared to 

traditional plant-level scanning. Typically 70-100 scans were made in strategic positions to collect 

the data needed for mapping the complex geometries. 

eM-Press provides a virtual 3D environment for interactive design and optimization of dies and 

press lines. Powerful simulation of the entire press line - including its dies, part flow, 

mechanization, grippers, suction cups and robots – enables you to verify and deliver error-free 

designs to the shop floor. With correct 3D models these tools can significantly enhance the 

productivity in the press lines. “This new technology with 3D scanning of production lines has many 

applications”, says Nima K Nia at VCIT, “it will also be used for factory models and 3D layouts, as 

well as simulation of robot cells. 
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1.3 ABB Västerås: Case study Lifelong Absolute Accuracy for Industrial 

Robots 
 

ABB in Västerås lives and learns when it comes to efficiency and accuracy in production. By having 

its Leica Laser Tracker located between two cells, the operator can calibrate a robot in one cell 

while a second robot is set up in the other. 

High speed tracking is one of the most stringent requirements for robot control, machine guidance 

and Metrology Assisted Assembly. Robot calibration, accuracy improvement of drilling machines or 

automation of wingto-body assembly is just some examples of machine control applications of 

Leica Laser Trackers. 

“When it comes to Absolute Accuracy calibration at a customer’s premises, the measuring is best 

done with Leica Total Station,” says Peter Fixell, calibration manager at ABB. “It measures a 

position with an accuracy of 0.2-0.3 mm per meter in a couple of seconds.” 

Leading industrial robot manufacturer, ABB Robotics, in an ‚industry first ‘application, uses Leica‘s 

Laser Tracker Systems to guarantee movement precision during an innovative calibration process. 

ABB of Västerås, Sweden is a pioneer among world industrial robot manufacturers when it comes 

to using laser-based measuring technology to ensure robot precision. ABB, with an installed base of 

125,000 robots, stands out as the world‘s largest in the arena of industrial automation. And Leica 

Geosystems‘equipment is instrumental in a unique calibration method that offers customers exact 

robot positioning accuracy throughout the entire life cycle of their robots. Known as Absolute 

Accuracy, ABB‘s calibration method turns a standard robot into an exact robot by applying 

software-controlled correction of errors that arise in normal use caused by overload, kinematics 

and dynamics. “A really great industrial robot is one that maintains its accuracy throughout its 

entire life cycle, including factory installation, motor output, regrouping of fixtures and everything 

else a robot might experience,” says Peter Fixell, product manager responsible for calibration and 

quality assurance at ABB in Västerås. “The difference in accuracy between a virtual ‚ideal robot 

‘and an actual robot is usually between 8-15 mm. The difference stems from mechanical tolerances 

and load.  

With Absolute Accuracy, we reduce the gap to an average 0.5 mm,” Peter Fixell concludes. ABB has 

two adjacent work cells for calibrating robots, each of them measuring 10 x 10 meters. Between 

the cells stands the Leica Laser Tracker. The operator controls the measurements phase from a PC 

that is situated to allow him a full overview of both cells. While he is measuring a robot in one cell, 

his colleagues can use the time rigging up or putting away a robot in the other cell. After the robots 

are measured and calibrated, they are packed, ready for delivery to the customer.  
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1.3.1 A Dream Comes True 
 

ABB‘s Absolute Accuracy method eliminates the differences between the virtual robot‘s precision 

in the CAD system and the work done by the actual robot on the factory floor. The robot is 

instructed to move to 100 coordinate locations in the work area. The actual positions are 

determined by the Leica Laser Tracker. Then, by comparing the theoretical and actual positions, 

ABB creates a set of compensatory parameters that correct the robot‘s positioning and thereby its 

movements. The parameters take into account both the mechanical imperfections in the pattern of 

the movements and the bending or distortions downwards caused by the loads. For companies 

using the robot, Absolute accuracy means that they can install and run a robot directly with the 

greatest degree of precision possible. The same tool configuration is used throughout the process 

from calibration and verification to installation, operation and maintenance.  

 

ABB‘s CalibWare, Calibration Pendulum and operating system algorithms are the same at ABB as at 

the customers‘ premises, which essentially reduces the risk of incompatibility to zero. “For 

companies using a single robot, this means that they have a robot that maintains high and 

consistent precision year in and year out,” says Peter Fixell. “The company can download without 

any difficulty new simulated programs that the robot will work ton without any corrections.” Home 

and away helping customers achieve robot supported production with a minimum amount of 

delays is key for ABB in Västerås. For that reason, Peter Fixell and his team also offer Absolute 

Accuracy calibration at the customer site. “Customers who invest in robots without Absolute 

Accuracy need not think they have gone down a blind alley,” he says. “We have equipment that 

enables us to calibrate the robots effectively at the customers ‘premises. “What is required is 

measuring equipment that can deliver measurement data in (x, y, z) so that it can be imported into 

our CalibWare calibrating tool. For measurements at customers ‘premises we use Leica‘s Total 

Station (TDA 5005). It is lighter to carry than the Laser Tracker (LTD500), which is the model, used 

in our production facilities”. With a Total Station in one hand and the stand in the other, it is easy 

for an ABB engineer to move around any of its customers ‘production environments. Battery 

operation provides flexibility and it takes just a few minutes to get it up and running. Measuring a 

position takes just 3-5 seconds, and accuracy is 0.2-0.3 mm. 

 

1.3.2 Speaking the same language 
 

Regardless of whether measurement is done at ABB with the Leica Laser Tracker or at the 

customers‘ premises with a Leica Total Station, the compatible measurement data is exported to 

ABB‘s CalibWare, an add-on to the Robot Studio development and simulation environment. This is 

how the robot‘s cell is simulated and displayed; and where the 100 calibration location coordinates 

in the robot‘s working area are generated. The robot‘s compensation parameters, unique to each 
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single robot, are calculated on the basis of these locations, which are integrated into the robots 

‘operating systems. Performance is further verified by checks in 50 new locations, in which the 

Robot Tool Centre Point position accuracy is fixed and a certification ticket issued. CalibWare 

ensures consistency between ABB and customer production environments and produces a checklist 

of simple calibration instructions and an accuracy menu that links the customer‘s maintenance 

measures to the fixed level of accuracy. 
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1.4 Siemens LC laser scanning, Germany (Metris Laser Scanner) 
 

Siemens, a worldwide leader in power plant turbines, investigate laser scanning to monitor the 

production quality of casting blades. Non-contact verification of blade geometry and alignment 

guarantees premium economy and long life in harsh turbine operating conditions. Powerful 3D 

scanning technology accurately captures the aero foil surfaces of the blades as well as their fine 

alignment notches. A single mouse click triggers the automatic geometry verification process that 

provides detailed insight on the basis of graphic part-to-CAD comparison. LC50 laser scanning and 

Focus point cloud processing are the cornerstones of a much faster and operator-independent 

digital inspection process. 

3D laser scanning is 40% faster than tactile inspection, and captures many times more 

measurement points. 

The quality of turbine blades in stationary gas turbine power plants is critical. As hot combustion 

gas expands through the turbine, it spins aero foil blades to drive a generator that produces 

electricity. Air-cooled in its internal channel, turbine blades reach high rotational speeds and face 

temperatures up to around 1000°C. Turbine blades are designed for optimum aerodynamics and 

mass center location, and are made of advanced metal alloy castings to increase strength, resist 

extreme temperature, and avoid corrosion. Inaccuracies in blade geometry and positioning may 

cause energy conversion efficiency loss and untimely blade failure. 

The complete amount of turbine blades that Siemens produces on a yearly basis are measured at 

different manufacturing stages. “Already 10% of these amounts of blades are inspected through 

laser scanning,” says Jörg Ziege, Metrology Manager at Siemens Fossil Power Generation in Berlin, 

Germany. “Our metrology engineers use 2 Metris LC50 laser scanners to verify the shape of the 

aerodynamic blade surface and the dimensions of milled planes and flanges, drilled holes and 

alignment notches. We opted for laser scanning to efficiently and confidently capture freeform 

surfaces and geometric features. Compared to traditional tactile inspection, laser scanners capture 

much more point data in a shorter time frame, and embed measurement and analysis in an 

automatic digital inspection process. At the same time, non-contact measurement requires little or 

no blade pre-alignment, and eliminates probe compensation when scanning freeform blade 

surfaces.” 

Particularly important are the linear notches that correctly align a blade to the inner and outer 

rotor ring rails of a turbine wheel. Ziege explains that these alignment notches are manufactured 

internally using electrical discharge machining (EDM). “Inaccurate notch locations cause blade 

misalignment, and increase the likelihood of blade failure problems in the future. To capture the 

fine alignment notches, the LC50 performs multiple scans under different angles. By capturing 

thousands of inspection points per second, Focus software is able to apply far more accurate line 

fitting to determine the positions of notch edges and verify the angles between notches.” 
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Automatic inspection providing deeper insight to prepare a laser scanning inspection routine for a 

new blade type, Ziege’s team sets up an inspection macro in Focus Scan software. This is a one-

time effort that roughly takes half a day, depending on blade type and size. At the CMM, or off-line 

on the basis of blade CAD information, they define the straightforward travel paths of the scanner 

and corresponding scanner angles. According to Ziege, it is much easier to define scanner motion 

and orientation than to program the hundreds of individual touch sensor points for a tactile 

inspection job. In addition, laser scanning only requires standard holding fixtures, whereas 

traditional inspection methods demand costly dedicated positioning and fixation tooling. 

Once the macro is defined, serial blade inspection is run on either one of the two CMMs in the 

metrology laboratory. “One click on the button is all it takes to launch the inspection routine,” 

explains Ziege. “The scanner automatically moves around the blade, while capturing surfaces and 

features using a multitude of measuring points. On average, a blade is inspected in a few minutes, 

including repeated scanning of its linear notches under different angles. Since we deployed laser 

scanning, we reduced the inspection execution time. A short calibration routine is executed weekly 

to guarantee high accuracy.” 

Focus Scan manages the data that is acquired in real time, and Focus Inspection executes 

alignment, filtering and meshing entirely automatically. Also the predefined analysis work is 

executed automatically. Graphic displays of blade sections show geometric part-to-CAD deviation, 

and calculated dimensions indicate the exact width and orientation of alignment notches, for 

example. Ziege says that results and analyses are incorporated into digital reports that accompany 

the inspected blades when turned out to customers. “As laser scanning reports yields more 

profound insight, they are essential for us to ensure high production quality and minimize blade 

failure in the field. Reports indicate issues that we take up internally and with suppliers in our 

continuous effort to systematically improve the quality of Siemens turbine blades. While evolving 

to double blade production capacity, Siemens will continue to rely on the unique capabilities of 

Metris laser scanning.” 
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2.0 Software Interoperability 
 
With respect to software, the term interoperability is used to describe the capability of different 

programs to exchange data via a common set of exchange formats, to read and write the same file 

formats, and to use the same protocols. (The ability to execute the same binary code on different 

processor platforms is 'not' contemplated by the definition of interoperability.) The lack of 

interoperability can be a consequence of a lack of attention to standardization during the design of 

a program. Indeed, interoperability is not taken for granted in the non-standards-based portion of 

the computing world. 

According to ISO/IEC 2382-01, Information Technology Vocabulary, Fundamental Terms, 

interoperability is defined as follows: "The capability to communicate, execute programs, or 

transfer data among various functional units in a manner that requires the user to have little or no 

knowledge of the unique characteristics of those units". 

Note that the definition is somewhat ambiguous because the user of a program can be another 

program and, if the latter is a portion of the set of program that is required to be interoperable, it 

might well be that it does need to have knowledge of the characteristics of other units. This 

definition focuses on the technical side of interoperability, while it has also been pointed out that 

interoperability is often more of an organizational issue: often interoperability has a significant 

impact on the organizations concerned, raising issues of ownership (do people want to share their 

data?), labour relations (are people prepared to undergo training?) and usability. In this context, a 

more apt definition is captured in the term "business process interoperability". 

Interoperability can have important economic consequences, such as network externalities. If 

competitors' products are not interoperable (due to causes such as patents, trade secrets or 

coordination failures), the result may well be monopoly or market failure. For this reason, it may be 

prudent for user communities or governments to take steps to encourage interoperability in 

various situations. In the United Kingdom, for example, there is an e -Government based 

interoperability initiative called e-GIF. As far as user communities, Neutral Third Party is creating 

standards for business process interoperability. Another example of a neutral party is the RFC 

documents from the Internet Engineering Task Force (IETF). 
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Cost of Interoperability 

Look only at the domain of quality measurement results data. SPC vendors typically consume these 
data and quality measurement device vendors and SPC vendors produce it. A key SPC software 
worker (Robert Brown of Mitutoyo) claims, without objection from any of the other key workers, 
that his group actually performs about one quality measurement data translation per week. 
Another key SPC software worker (Dane Barrager of ASI DataMyte) claims, without objection from 
any of the other key workers, that it costs them $5,000 for each translation effort to accommodate 
a new quality measurement data format. Assuming there are about 20 SPC vendors in the U.S. 
alone, the translation cost to U.S. quality measurement data software vendors is roughly $5,000 x 
52weeks/year x 20 vendors = $5,200,000 per year.  

Industry insiders also claim that as many as 6,000 different quality measurement data formats 
currently in use. Using this number, the total cost per vendor is $5,000 x 6,000 formats = 
$30,000,000 per vendor. These SPC vendors or the SPC divisions of larger corporations commonly 
have somewhere around 10 - 20 employees. $30 Mil is clearly a substantial financial burden to 
these relatively small companies/divisions. All these costs passed onto the end user and ultimately 
to the customer.  
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3.0 Different CAD Systems  
 

There are different popular CAD systems in the market now. Some of them are very suitable for 

aerospace industries with their specialized modules for the specific job in that. Few of them are 

described below: 

3.1 CATIA V5 
 

CATIA V5 is the leading product development solution for manufacturing organizations of all sizes 

and one of the most popular CAD software in the market for automotive and aerospace industry. 

Apply its capabilities to a variety of industries such as aerospace, automotive, industrial machinery, 

electrical, electronics, shipbuilding, plant design, and consumer goods. 

 Provides an integrated suite of Computer Aided Design (CAD), Computer Aided Engineering 
(CAE), and Computer Aided Manufacturing (CAM) applications for digital product definition 
and simulation. 

 Addresses the complete product development process, from product concept specifications 
through product-in-service, in a fully integrated and associative manner. 

 Facilitates true collaborative engineering across the multidisciplinary extended enterprise, 
including style and form design, mechanical design, equipment and systems engineering, 
digital mock-up, machining, analysis, and simulation. 

 Enables enterprises to reuse product design knowledge and accelerate development cycles. 
 Helps a company speed their responses to market needs and frees users to focus on 

creativity and innovation. 
 Based on the open, scalable V5 architecture. 

 

Features and Benefits 

a) CATIA Shape Features 

 ICEM Shape introduction in the CATIA V5 portfolio: Sustaining its principles of seamless 

data flow using one common data format throughout the CATIA V5 portfolio across all 

phases of the design cycle, ICEM Shape Design (ISD) R20 extends its advanced and powerful 

free-form surface creation, modification, and analysis capabilities within the Class A 

modeling domain. Protecting your investment in previous releases and supporting seamless 

migration, ISD R20 further adopts and supports CATIA V5's trusted methodology and proven 

update mechanisms. 

 Creation of subdivision instances: This new command offers you the ability to create one or 

more instances of any existing subdivision feature. The instance can be a subdivision surface 

or any kind of subdivision feature, such as symmetry, revolution, and extrusion. After 

creating the instance, you can move it freely and easily rotate it. Numerous products 
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contain many repetitive pieces, such as pearls in a necklace or the four wheel rims on a car. 

Imagine & Shape now addresses the creation of these types of repetitive pieces with an 

easy-to-use solution that is fully integrated with the Imagine & Shape workbench. 

 Alignment of points along any geometry: The Alignment command aligns vertices on a 

plane or a line defined by the compass. Enhancements to the command extend the possible 

supports of projection by providing a way to project some points of the base mesh onto any 

kind of geometry. This gives you the freedom to use styled geometry as input to the design 

process. 

 Automatic surface associativity: The Quick Surface Reconstruction 2 workbench provides a 

fully automatic command for quickly building surfaces fitted on meshes. The Automatic 

Surface Reconstruction command is now associative. This enables interactive editing and 

automatic update of the surface in case of input mesh modification or replacement, 

increasing productivity. 

 Mesh selection and propagation for surface creation: This new function makes it easier to 

select meshes. You can now quickly select plane areas on meshes. Additionally, within the 

Activate command, flooding can be achieved with an angle criterion, and in the PowerFit 

command, you can activate a sub-part of a mesh to avoid counter-draft treatment during 

the approximation.  

 Shape modification enhancements: Shape modification offers many enhancements to the 

control points function, the Extend command, and the styling Extrapolate command. The 

break creation process is also made easier, with more possibilities for the creation of the 

datum feature that will save time. Evolution of the Matching Constraint command adds 

functions to improve productivity.  

 Isolation of Generative Shape Design (GSD) features: You can now isolate any GSD feature. 

Isolating a feature breaks any links with its inputs so that the feature becomes a datum 

feature that cannot be updated. This productivity enhancement eliminates the need to copy 

the geometry of the feature and then replace the feature with the copy. 

 Dynamic sectioning in Part Design and Generative Shape Design: This new command lets 

you cut a part at a position chosen dynamically by moving a 3D section directly in the 3D 

viewer. This function can be useful during the design process itself, to visualize the part 

being designed by section, or at review time, to detect potential section issues. 

 

b) CATIA Mechanical Features 

 Section and thread management: Even though thread definition does not generate 

geometry, the CATIA wall thickness analysis function can optionally take into account 

existing thread and tap features in order to measure real material thickness. Moreover, 
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because you can section geometry, you can store sections dynamically in the Wall Thickness 

Analysis command in order to save critical zones and to get quick access to them. Sections 

can be used for review during design, thanks to their status, comment, and thickness values. 

 2D Layout for 3D Design - Multi-plane section views: Offset and aligned section views or 

section cuts can be created in layouts, rather than in drawings only. Such multi-plane views 

can be created either from a functional tolerance and analysis (FTA) view or capture or from 

a polyline located in an existing layout view. In offset section views, parts are cut by several 

parallel staggered planes, to display a hole silhouette in a cylinder head for instance. In 

aligned section views, the part is cut by secant planes and is drawn as if this cutting surface 

was unfolded. 

The 3D model is displayed according to the cutting profile, using 2D layout view filters to insure 

proper display of both 3D geometry and annotations. Boundary objects can be created and edited 

to obtain the relevant display of cutting profile corners in the multi-plane view. These multi-plane 

views can be generated to drawings. 

 Global copy of FTA data: FTA data can now be copied globally from one CATPart to another. 

This capability lets you duplicate an existing annotation set feature from a CATPart to 

another CATPart document. It includes automatic rerouting to geometric elements that 

have the exact same geometric characteristics. 

 Clipping plane enhancement: Support is added for offset/aligned section view/cut. If the 

active view is a component of an Aligned/Offset Section Cut/View feature, the 

corresponding 3D Aligned/Offset clipping is displayed. 

 Wall-on-edge propagation: To define a wall-on-edge feature, you can select several edges 

that will generate several folds. Folds and their tips are automatically re-limited according 

to a minimum gap value between them. 

 User stamp on both sides: In addition to improving the user interface, this option allows 

you to create stamps in two opposite directions in a single operation. 

 Chamfer recognition: The feature recognition function now recognizes chamfers.  

 Intersection fillets for functional modeling: This release improves intersection fillet stability 

by computing it at the minimal intersection level. More modifications on previous features 

can occur with no failure on intersection fillet definition and computation. 

 Local Work for functional modeling: This command, similar to the Define in Work 

command, lets you work locally in a simplified context, such as a sub-part of a part, by 

selecting a functional set or a list of features. It reduces the impact of part complexity.  

 SDNF Import/Export command: This enhancement supplies the capability to export 

structure information into a neutral file format called a steel detailing neutral file (SDNF). 
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SDNF is designed to be expandable to meet future needs and capabilities. All information in 

the file is in ASCII format and is structured into packets of information. It also provides the 

capability to import a valid SDNF file with structure information and to use it to create 

structures under a specified product.  

 Advanced bill of material: Support for user-defined product attributes is added. This 

enhancement enables you to extract from the bill of material not only the predefined CATIA 

attributes of products, but also the attributes added by users through the Other Properties 

function. 

 Section and auxiliary view callouts: Within a 3D master process, this function allows you to 

natively get a normalized representation of callouts in layouts, rather than in drawings only. 

Callout representations corresponding to auxiliary views, section views, section cuts and 

multi-plane section views can be added to existing design views. This can be done while 

creating such views or afterwards, using the same styles and properties as the drafting 

callouts that are created in drawings when generating the corresponding layout view. 

 Dynamic sectioning in Part Design: This new command lets you cut a part at a position 

chosen dynamically by moving a 3D section directly in the 3D viewer. This function can be 

useful during the design process itself, to visualize the part being designed by section, or at 

review time, to detect potential section issues. 

 Intersection edge fillet for Part Design: This release offers an additional Intersection against 

Selected Features definition mode. When you want to create a fillet between features, you 

can define two lists of features by selection. The fillet will run on the intersection edges that 

run between these two lists.  

 Joggle enhancement request: This option allows you to locate the extremity of the joggle 

with respect to its joggle plane. Either the end radius extremity or the run-out extremity can 

be located exactly on the joggle plane. 

 Compare and review: This release introduces a compare and review function that can be 

used to support a review and approval process for design geometric changes. It speeds the 

approval process for a new revision of part geometry and makes it easier to understand the 

impact of part modifications to downstream processes such as tooling, machining, analysis, 

and inspection. 
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3.2 CATIA V6 
 

CATIA is one of the most popular CAD/CAM software developed by French company “Dassault 

Systemes”. The software provides the platform for design, analysis and manufacture of the new 

product thus making the product development faster and easier. The latest version of CATIA is 

CATIA V6. 

Keeping innovation at the heart of enterprise helps accelerated transformation of the company to a 

full PLM 2.0 approach. CATIA V6 comes with full spectrum of tools for designing and analysis. The 

software enables simulation of the objects with 3D digital mockup. CATIA V6 has special feature of 

“design anywhere, anytime” that enables the capturing and sending changes to the offline 

collaborators. 

 

3.2.1 Highlights of CATIA V6 
 

CATIA V6 has spectrum of features to encourage innovation across the extended enterprise. Here 

are some important features or highlights of CATIA V6: 

 Global Collaboration Innovation: The users of CATIA V6 get access to company’s award 

winning collaborative 3D environment that allows unlimited number of online people from 

all over the world to take part in the virtual 3D brainstorming conference. The “design 

anywhere, anytime” strategy helps sharing the changes in design offline. 

 Real life like experience: The new CATIA V6 provides real life like working environment with 

new effect, materials and paint shades. 

 Integrated multidisciplinary approach: The new product has to undergo various stages 

from design, and development to manufacturing. CATIA V6 helps reducing the complexity of 

the product development allowing integration of various approaches for developing the 

product within a single platform. It introduces unique approach for systems engineering 

called RFLP. This approach provides comprehensive and collaborative facility for the 

different views of the product considering different requirements. 

 

3.2.2 If you already have V5 

If you already own V5 version of CATIA, the transition from V5 to V6 is very smooth. V6 has about 
80% portfolio similar to that V5 thus making deployments in the industries easier. 

Company claims that CATIA removes many of inherent limitations of CAD Software by making 
highly functional software making the complex process of product development far easier, 



60 

 

convenient and faster. Providing collaboration and multidisciplinary approach to the product 
development within the single platform is the strength of CATIA V6. 

3.3 SolidWorks 2008 

3.3.1 Developing Software  
 

On the one hand a loyal, partisan ‘power’ user base has invested in developing skills and a 

customized interface to maximize their productivity. They seek little change, whereas occasional, 

new and future users stand to benefit from evolution, even revolution, as the technology and skill 

of the developer advances. And so some applications have withered behind dated interfaces while 

SolidWorks maintains its resolve to take the short term pain for the long term gain. The SolidWorks 

2008 has a lighter, more graphical interface that will undoubtedly need some, albeit quick, 

relearning and customizing for power users, but achieves its aim of maximizing the graphics area 

and providing rapid access to essential commands and options.  

Selection of an entity, including feature manager tree entries, pops up a semi-transparent context 

specific toolbar of options that can be ignored and fades as the mouse moves away or solidifies 

when approached to select an option. Pressing the S key also pops up a customizable shortcut tool 

palette of the most commonly used commands at the cursor location. The application border that 

in most applications is blank between the document and application name on the left and the 

window control buttons on the right now contains key system commands and pops out the menu 

bar to save the screen space required for one customary tool ribbon. Unless ‘pinned’ to appear 

permanently, the absence of the customary ‘window’ menu item prompts more use of the File 

Explorer tab that itself pops out a more comprehensive listing of files currently open in the 

SolidWorks session or, for simplicity, the R key pops up a graphical menu of Recent documents. 

SolidWorks Explorer also now has an iTunes-style ‘cover flow view’ to rapidly scroll through 

previews. 

The next standard horizontal tool bar down the screen is the Command Manager. This initially has 

part, drawing and assembly environment tabs below on the left hand side for the major command 

groupings. In line with these tabs, in the center of the graphics area is a customizable toolbar of 

view related commands. Although the command icons appear superimposed on the model, the 

toolbar itself is transparent so it acts as a visually unobtrusive heads-up display. When the graphics 

area is split into multiple view panes, it appears in each to provide pane specific control. 

3.3.2 Real time modeling  
 

The overall visual richness is further enhanced by RealView functionality which allows real time 

modeling in an almost photorealistic environment. This incredible performance utilizes graphics 

card processing capabilities and is therefore not achievable on older systems so the SolidWorks 

web site helpfully includes a comprehensive listing of compatible hardware. The standard graphics 
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display is by no means bad but dynamic use of materials, textures, shadows and realistic 

environment reflections brings a model to life and can communicate a design far better. 

The Appearances Property Manager allows mapping style, orientation and size to be optimized. 

Basic scenes provide simple backgrounds and lighting, presentation scenes use a background image 

that become a part of the scene and studio scenes enable the combination of floor/wall 

backgrounds with the added impact of real world reflections. 

RealView and PhotoWorks use the same material database, so with RealView enabled the 

PhotoWorks materials override the SolidWorks colors and textures. This makes RealView a great 

way to quickly preview PhotoWorks set-ups. Despite the quality of RealView in real-time, 

PhotoWorks can deliver even higher quality images using more accurate, fully ray-traced scenes 

with high dynamic range indirect illumination. 

In fact a huge number of changes have been made in PhotoWorks to improve both usability and 

image realism. More tools are available to adjust the orientation and offset of environment 

elements which include cubic environment mapping. Background scenes use 360 degree high 

dynamic range images enabling representation of contrast ratios where an object and therefore 

image pixel can be a million times brighter than another rather than the 255 times available in 

standard images. Several HDR images are supplied but commercial collections are also available for 

download. Of key interest to product designers is the availability of emissive light emitting objects 

such as LEDs, neon tubes, back lights etc. and realistic falloff to better simulate how light intensity 

diminishes as a function of distance. A post rendering editor is also available to adjust brightness, 

contrast and color saturation. 

 

3.3.3 Instant 3D Functionality for Streamlined Workflow 
 

The workflow for many features has been streamlined with Instant 3D functionality. Rather than 

selecting a sketch plane, then sketch tool, then feature as previously, with any sketch tool selected 

entities can be created onto any existing planar face. Sketch entities can be edited without 

specifically entering the sketch environment and simply by selecting an entity a drag arrow allows a 

3D extrusion or cut to be created. A dynamic scale enables an approximate size to be set very 

rapidly and the Alt key enables the modified feature to be snapped to an existing face of vertex. 

Many features can be modified directly; for instance, by dragging the size of a fillet the model 

updates dynamically and if, for example, a resized feature will make a shell fail the shell disappears 

from view at the point the dimension causes the failure. 

All this direct interaction still creates and updates feature properties in the Feature Manager 

History tree correctly and it can be toggled off to avoid inadvertent dragging if required. It is also 

possible to edit dimensions for any sketch without the model rolling back to that point in the 

history which makes it much easier to understand the potential effect on the current model. 
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Instant 3D also facilitates the Live Section tool allowing a section plane to be dynamically dragged 

and rotated through the model with any elements highlighted in magenta directly editable. 

If the visual aspects of the 2008 release are dramatic, modeling capabilities also have some new 

twists-literally in the case of being able to sweep a revolved solid body along a tangent path-for 

example simulating a cutting tool passing around a cylindrical body. Although the standard Fillet 

PropertyManager tab remains for manual control of features, the FilletXpert dynamically manages 

feature order and invokes the FeatureXpert to resolve rebuild errors. When using the FilletXpert to 

add constant radius fillets a pop-up context toolbar provides options for additional edges to fillet 

such as connected loop, all or all convex on the connected body. By providing a means of selecting 

all fillets of a given radius it also enables the rapid updating of multiple fillets in one operation. 

An additional Corner tab in the FilletXpert property manager also allows the creation and 

management of corner features where exactly three filleted edges meet at one vertex. Consistent 

with Windows standards, using ctrl + drag enables a corner arrangement to be hovered over other 

corners to identify incompatible or possible locations. In the sheet metal environment, weld beads 

can be added to improve the appearance of the 3D model but that are automatically suppressed 

when flattened. Flat patterns can be exported directly to the commonly used DXF format without 

the need to create a drawing sheet first. 

 

3.3.4 Important Enhancements Appear In the Sketcher 
 

Some of the less glamorous, but still important enhancements appear in the sketcher. Rectangles 

for instance can now be specified in multiple ways including by center point complete with 

diagonal construction lines that aid symmetrical location. A consolidated property manager enables 

rapid selection of the preferred method. Sketching now also includes a symmetry constraint and 

dynamic mirror so that entities are mirrored as they are created and dynamically retain the 

constraint as the mirror line is moved. Areas can be hatched or filled to aid legibility. Although it 

has previously been possible to load bitmaps onto sketch planes, tools are now available to auto 

trace outlines to rapidly create sketch entities as the basis for features.  

To extend familiar Microsoft Office concepts, the 2008 release introduces design clipart. More than 

simply enabling the reuse of complete design files, the process dissects parts into extrude and cut 

features and features into their constituent sketches. Drawings and external DWG and DXF files are 

dissected into tables and blocks. All of these elements then become visible as thumbnails in 

SolidWorks searches for re-use in new designs. Accessible through the menu bar search tool, 

selected items prompt to dissect immediately or to schedule if not yet processed. When inserting 

bodies into a part it is now possible to create a coincident mate to locate it with the existing 

geometry including axis alignment to fully constrain or alternatively existing mate references can 

be automatically used.  
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Concept modeling is greatly aided by a number of assembly tools including more freedom to switch 

between top-down and bottom-up methods. A new Layout sketch environment is available 

allowing enhanced blocks and components to be constrained to each other which also facilitate 

quick motion simulations including out of plane movement if using a 3D sketch. Internal 

components, indicated with square brackets in the Feature Manager, can also be created and 

developed within an assembly file with the option to delete or save out as standalone parts later 

when the design direction is established. This not only reduces the management of multiple 

associative files and the sheer number of superseded part and assembly files, but also enables 

components to be simply renamed in the Feature Manager without resorting to the full ‘open/save 

as copy/replace component’ workflow. 

Large assembly management is aided by the ability to select Quick view on opening. This is said to 

allow a thousand part assembly to open in seconds. The Quick View/Selective Open option 

specifies components to be rapidly opened as lightweight with other components not loaded or 

visible but with the effects of their mates still active. This also creates a display state that can be 

instantly recalled if required including in eDrawings. Visibility of specific bodies of interest can also 

be aided by an isolate command that enables unselected bodies to be set to hidden or transparent. 

 

3.3.5 New Mate Icons Provide New Functions 
 

Assemblies can be checked for misalignment of holes, with the option to specify the maximum 

allowable deviation. Mirrored and derived parts can include planes, axes, sketches and custom 

properties with the option to break links to the original without losing the ability to edit features. 

Mate icons have been updated and a number of new ones added or transferred from the motion 

environment to assemblies. The Lock mate enables two components to be fully constrained to each 

other without needing to create a rigid sub-assembly. A Path mate enables any point on a 

component to be set to follow a defined path and the Screw mate is similar to a concentric mate 

with additional pitch and rotation properties. Other properties such as Load bearing Face and 

Friction can be applied in preparation for analysis without needing to have the Cosmos Motion 

add-in loaded. 

Dimensioning and tolerance DimXpert and TolAnalyst tools have been significantly updated. 

Currently based on ANSI standards and applicable to machined components, DimXpert for parts 

uses model feature and topology recognition to automatically or interactively create a 

dimensioning scheme with the minimum number of dimensions. Under constrained features are 

highlighted in yellow, over in red and fully constrained in green. Significantly these schemas are 

independent of the feature dimensions in order to avoid conflicting good modeling and 

manufacturing practices and facilitate geometric tolerance.Dimensions and tolerances created in 

the parts can be directly added and manipulated on drawing sheets. Having created a schema, the 

wizard based TolAnalyst available in SolidWorks Office Premium can be used to perform RSS worst-

case tolerance stack analysis with an indication of the greatest contributors to allow rapid iteration 

of schema. Admittedly worst case analysis is limited but hopefully this functionality indicates a 
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drive towards more sophisticated statistical analysis and support for a wider range of 

manufacturing processes in future. 

Similarly the DFMXpress functionality identifies features that are likely to be difficult, expensive or 

even impossible to machine. 

 

3.3.6 Enhancements in the Drawing Environment 
 

The drawing environment has its own share of enhancements. Drawing sheets can finally be copied 

like tabs in Excel and pictures can be inserted into drawing sheets. Section view functionality is 

improved with the ability to exclude ribs and to lock brake lines in place using dimensions that do 

not appear on the final printed drawing. Notes can include associative balloons, bent leader lines 

can be manually edited and, to aid formatting, text can be compressed to fit in a table cell or note. 

The BOM is significantly improved with the ability to edit data such as descriptions in the table to 

associatively update in the part properties and to be able to drag and drop rows to the required 

order. It can also indicate virtual parts such as grease or paint in the listing. 

eDrawings continues to mature with the addition of support for Pro/E parts and assemblies, albeit 

with some limitations, and STL files. Pro/E data import now includes translation of constraints into 

assembly mates as well as features. Integration with Adobe Illustrator and Photoshop has been 

improved with import and export support for *.ai and *.psd file types. Continuing the theme of re-

using design data, 3D content central the online parts catalogue is configurable within SolidWorks, 

has a new interface and is said to contain 50% more content. 

SolidWorks’ long term drive to increase wider use of FEA is supported by further load, restraint and 

contact condition support in the Analysis Advisor tool including an improved workflow and 

database of examples. A number of new study types and the ability to mix beam, shell and solid 

meshes have also been added for more advanced analysis. A Design Insight plot indicates the 

regions of the model that best carry the loads to help rapidly optimize material reduction. Usefully, 

existing studies can be conveniently renamed. 

Although MoldflowXpress is no longer included in the module bundles, an introductory CFD 

module CosmosFloXpress allows studies using single inlet and outlet to be created, reporting 

pressure and velocity effects in dynamic section and surface plots. All of the motion related tools 

have been integrated into a single timeline environment combining assembly motion, physical 

simulation and physics based Cosmos Motion available in the Premium version. This enables the 

rationalized mates to be used consistently. Since the release of the 2008 product, SolidWorks has 

also announced the acquisition of the Circuit Works add-in that is being made available free to all 

Office premium licensees. This provides a bi-directional IDF and PADS file interface allowing 

integration of PCB and mechanical design. 
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3.4 Why Pick CATIA Over SolidWorks?  
 
CATIA and SolidWorks are both feature-based, dimension-driven solid modellers running on 

Intel/Windows systems. They even look the same – at least superficially – employing Windows look 

and feel with menus, button bars, and graphical feature and assembly trees. Both are owned by the 

same company. Yet CATIA sells for $16,500 (2001 average) vs. $4,995 for SolidWorks.  

 

3.4.1 Specialized Modules  
 

CATIA also incorporates specialized design software for disciplines such as wiring, sheet metal, and 

composite materials for aircraft. CATIA incorporates four separate products for designing electrical 

raceways, conduits, and wave guides.  

In the field of car design, CATIA has a specialized application for so-called class A surfaces that 

enables workers to start with points digitized from clay models and produce smooth mathematical 

surfaces for production of tools and inspection of finished parts.  

CATIA V5R9 incorporates 129 separate products, not including 3rd party applications.  

 

3.4.2 Sophisticated shape modeling  
 

SolidWorks is a capable system for industrial design that includes sophisticated features such as 

lofts, variable-radius fillets, shells, and draft angles. CATIA’s mechanical part-design workbench has 

these tools, too, and they are no better than those of SolidWorks.  

But CATIA also offers shape-modelling capabilities beyond those of SolidWorks. Generative Surface 

Design product enables designers to sweep, revolve, and loft surfaces as can be done with solid 

models. It also enables designers to do things that can’t be done with parametric solids alone. For 

example, a designer can draw lines or curves in space and fit surfaces between them. Surfaces 

created in this way can be intersected, trimmed to the intersection curve, and blended with fillets. 

GSD also enables engineers to add surfaces that blend between non-intersecting surfaces.  

FreeStyle Shaper enables designers to create surfaces bounded by curves and change their shape 

by dragging their control points to new positions. CAD programs that use surface modelling are less 

automated than solids-modelling systems. Where solids programs trim surfaces automatically, 

users of surface-modelling software must do the job manually. However, with surfaces, designers 

may be able to create models that solid-modelling systems can’t.  

The CATIA V5 FreeStyle Shaper lets designers shape surface models by manipulating control points 

as shown above.  
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3.4.3 Designed for large teams  
 

CATIA enables customers to set up what Dassault calls “workbenches” that contain all the tools, 

translators, and pointers to directories that are needed to perform a specific task. Some of the 

standard workbenches include mechanical design, shape design, digital mock-up, and ergonomics 

design and analysis. With some programming, customers can create their own workbenches 

tailored to job descriptions of their companies.  

CATIA version five groups’ software products into workbenches, selecting a tool from a workbench 

brings up the button bars needed to operate the tool.  

 

3.4.4 Ease of Use  
 

Sophistication comes at a price. The arbitrary rules and procedures of the many CATIA applications 

are not intuitive to learn or use. For example, to zoom in and out with the mouse, one must first 

press the second of three mouse buttons, then the first, then release the first mouse button while 

keeping the second pressed. By contrast to CATIA, SolidWorks provides fewer functions and makes 

them easier to use.  

CATIA’s user manuals and training aids are not good. This may be fine for large corporations that 

often design custom training classes to match their own procedures.  

 

3.4.5 Summary  
 

In summary, SolidWorks is less costly than CATIA because it is a simpler product. It contains fewer 

lines of code, and installation is simpler, reducing the need for on-site application engineers. 

Complex products that need to be optimized for weight and performance can benefit from the 

advanced engineering software integrated with CATIA.  
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4.0 Different Industries in Metrology World 
 

 

 

 

 

 

 

 

 

4.1 Hexagon in Brief 
 

Hexagon is a leading, global provider of 3D solutions to design measure and position objects, and to 

process and present data. The measurement systems measure with great precision and rapidly 

provide access to large amounts of complex data that is being visualized via engineering and 

geospatial software. For the customer, this means greater efficiency and productivity, improved 

quality, significant material and cost savings in the production process and the possibility to make 

better, faster operational decisions.  

Hexagon has more than 11 000 employees in 42 countries and net sales of about 20 000 MSEK. The 

Hexagon sales target for year 2011 is 20 000 MSEK to be achieved by organic growth and 

acquisitions. The Hexagon EBIT margin target for year 2011 is 20 per cent. 

Hexagon's vision is to be a market leader, ranking number one or number two, in each strategic 

business in order to generate growth and shareholder value. Hexagon’s strategy is to be the most 

cost-efficient and innovative supplier, have the best management skills in the business and short 

and rapid decision processes. Hexagon's class B share is quoted among Large Cap companies on 

OMX Nordic Exchange and has a secondary listing on the SWX Swiss Exchange.  

Hexagon's brand portfolio comprises strong brands that are well known in their sectors. Each brand 

represents a strong tradition in its geographical region and sector, which is why Hexagon uses 

different brands for different customer groups or in different markets. The Hexagon brands are 

listed to the right. 
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4.2 ITP group 
 

ITP Group - Coordinate Measuring Machine (CMM) Manufacturer, Automotive Styling Solutions, 

CMM Software & CMM Calibration. Based in the United Kingdom (UK), ITP Group provides 

pioneering coordinate measuring machine and automotive styling solutions for world changing 

applications. Every ITP Group Coordinate Measuring Machine (CMM) and all ITP Group CMM 

Software is developed and manufactured in the UK - in-house to exact client specifications. Our 

CMM Calibration services are regarded as the most accurate in the world – that’s why you’ll find 

our products in some of the finest styling and design studios in the world. 

From Formula One racing to space exploration, ITP Group is at the forefront of groundbreaking 

technology. Every coordinate measuring machine (CMM), CMM software package and automotive 

styling system that we produce helps your business stand apart from the competition. Our 

reputation is built on the quality of our products, and from the innovation of our in-house 

development team. Our success is built on your success. 

 

ITP Group's team of mobile engineers is permanently at hand to support your coordinate 

measuring machine, styling system and your business. From CMM calibration services keeping your 

system operating at optimum accuracy, to CMM software upgrades for diversified applications, ITP 

Group will ensure that your coordinate measuring machine (CMM) or styling system performs 

exactly as you require - for the life of your investment. If you require further information on an ITP 

Group coordinate measuring machine (CMM), automotive styling solution, our CMM software or 

CMM calibration services, or simply can't find what you're looking for on our website, Contact ITP 

Group. 

 

4.3 ZEISS 
 

The workshop for precision mechanics and optics opened by Carl Zeiss in Jena in 1846 already 

enjoyed a sustained period of prosperity during its early years. On the basis of Ernst Abbe’s 

outstanding scientific achievements, a global player in the field of optics gradually evolved. This 

period of success continued for a century.  

The enforced partition of Germany as a result of World War II led to two Zeiss companies, one in 

the West and one in the East. 

With the political changes taking place in the former East Germany in 1989/90, the two 

competitors reunited to form a single company in 1990. Reunited, Carl Zeiss became stronger than 

ever before in its eventful history. Today, the company looks to the future with optimism and 

anticipation. 
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4.3.1 Technical Milestones of Zeiss 
 

Even in the lifetime of our company founder Carl Zeiss and his partner Ernst Abbe, precision optics 

and precision mechanics were already key technologies.  

Time and time again, the frontiers of science were pushed back to meet the new, exciting 

challenges encountered in basic research. Carl Zeiss also played a pioneering role by devising and 

developing the manufacturing techniques required for optical instruments. Many of the company’s 

products are closely associated with the names of important personalities from the fields of 

research and science.  

The fascinating history of Carl Zeiss began in 1846 and continues to this very day. Innovations from 

Carl Zeiss contribute to the advances achieved in many fields and help to enhance our quality of 

life. Just a few examples: instrument systems used for diagnosis and therapy in ophthalmology, 

eyeglass lenses, microscopes for medical research and microsurgery, high precision measuring 

technology for the automotive and mechanical engineering industries, and optical systems for the 

high-volume production of microchips.  

 

4.3.2 Industrial Solutions  
 

Digitization, automation and Nano- technologies are driving industrial development. The globally 

leading optics from Carl Zeiss provides the foundation for the production of high- performance 

microchips with highly complex Nano structures, which are indispensable for the information 

society of tomorrow. With products and integrated solutions for measuring and analysis technology 

in the micro and Nano ranges – as well as for industrial production – Carl Zeiss offers optimal 

solutions and sets technological standards that expand the existing imagination and precision. 

 

4.3.3 Fields of Application/Product Spectrum 
 

a) Semiconductor Technology 

 Micro-lithographic imaging and illumination systems for wafer steppers and scanners 

 Inspection systems for semiconductor production 

 Electron beam systems 

 Laser and synchrotron optics 
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b) Medical Systems 

 Surgical instruments (surgical microscopes for all disciplines in microsurgery, visualization 

and documentation systems) 

 Ophthalmology (instruments for diagnosis and therapy on and in the eye) 

 

c) Microscopy 

 Light microscopes 

 Systems for image processing and documentation 

 Systems for laser scanning microscopy and fluorescence correlation spectroscopy 

 Optical systems for spectral sensors 

 

d) Industrial Metrology 

 High precision measuring systems for industrial applications 

 Services in all fields of multidimensional measurement 

 

e) Consumer Optics/ Optronics 

 Camera and cine lenses 

 Binoculars and riflescopes 

 Planetariums 

 Optronic systems 
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…………………………………………………………………………………………………………………………………………………………. 

 

Appendix B contains very confidential data of the Swedish defence weapon manufacturer and 

aerospace company “SAAB AB” and this can be only viewed with the permission from the authority. 

 

 

 

(Click the image to go to the official website of “SAAB AB”) 

http://www.saabgroup.com/

