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Abstract 
This thesis is the final project within the education for Master of Science with the 
concentration on Industrial manufacturing at Luleå University of technology. The 
work was performed during September 2004 – January 2005 at Electrolux Automated 
Equipment and Tooling, AE&T, in Adelaide, Australia, where the Centre for 
Advanced Manufacturing Research at University of South Australia was one of the 
supervisors. The goal with the project was to improve the technology and organization 
with the interaction between CAD, CAM and CNC-machines in a manufacturing 
process.
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Summary 
This Master thesis was mainly performed at Electrolux Automated Equipment and 
Tooling (AE&T) in Adelaide, Australia between September 2004 and January 2005. 
The aim with this project was to investigate the process and co-operation of the areas 
CAD, CAM and CNC-machines at the plant and come up with more efficient 
solutions. The outcome of the project is an investment recommendation and 
organizational change.  
 
The project has been performed at AE&T and finished in Sweden. The current 
situation has been documented and analysed, literature has been reviewed, 
benchmarking visits have been made, a questionnaire has been sent out and the future 
situation and requirements have been analysed. 
 
AE&T is a toolmaking company within the Electrolux organisation. Though, its future 
has been discussed a lot during this last year. The plant was up for sale during fall 
2004 as it was not a part of the core business, according to Electrolux. In December 
2005, Electrolux decided to keep the business in the organisation anyway. 
 
It is a tough situation for tooling companies at the moment and to be competitive on 
the world market one has to have an optimal and efficient organization, have skills 
and new technology, be suitable and helpful to meet customer requests, be time saving 
and have a helpful system to support the business. AE&T have the skills, but need to 
use them in the right place of organization and update its technology.  
 
Our recommendation is in two steps. The first is to train the CNC operators to do the 
CAM at the shop floor instead of having a designated CAM programmer. They also 
need to replace the old CNC-machines and increase the total quantity to get higher 
capacity and more effective production hours. The designers should become project 
leaders and together with a new information- and planning-system make the 
manufacturing go smoother with shorter lead times. The organization change will 
improve the motivation and quality in work as well as in products. Another change is 
to employ missing skills, like salesmen. Salesmen are needed to get more work to the 
shop and fill up all the three coming shifts as planned in this solution. The 
recommendation concerning the software is to keep the current solution, but be 
prepared to change software to attract more customers and come by file translation 
and rework and thereby also save time. 
 
The second step is to buy a new set of three CNC-machines and a new information- 
and planning- system that is self-learning and decision-making. The economical 
appraisal shows that the changes and investments for both steps are profitable and 
payback time is two years, which is a demand from Electrolux. 
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INTRODUCTION______________________________________________________________________________ 

1 Introduction 
This chapter is an introduction to the company and the reasons for this project.  

1.1 Company history 
Electrolux is the world’s largest producer of powered appliances for kitchen, cleaning 
and outdoor use. It was founded in 1910 as Elektromekaniska AB and after a merger 
with AB Lux 1919, the current name Electrolux was taken. It started as a Swedish 
company, and it still is, though, the globalisation within the company is notable. 
Electrolux has plants all over the world with a turn over of 136 billions SEK and 
87000 employees in year 2001. 
 
Automated Equipment and Tooling (AE&T) is a division of Electrolux Home 
Products Pty Ltd. Electrolux bought the tooling plant in year 2000. Before 2000, the 
tool room was run in Kelvinator, which today is a brand in the Electrolux concern. 
The plant was built in 1942 to be an ammunition factory. Kelvinator bought the plant 
and made it a tool room for production in 1948 and it has been a tool room since then. 
 
The products AE&T manufactures are tools, machines and fixtures for manufacturing 
processes. It can be press tools to press the fronts of dishwashers, washers and ovens 
or fixtures in different sizes, for example to hold up the bumpers in an automotive 
production line.  
 
AE&T has a large and well-equipped tool room in Adelaide and is experienced in 
manufacturing stamping tools, draw dies as well as jigs and fixtures for the 
Automotive, Whitegoods and General Engineering industries. They specialise in 
designing and manufacturing custom built medium and large equipments and tools for 
unique product, production requirements and structure configurations.  
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1.2 Background 
AE&T has for a period of time been up for sale. Electrolux did not consider AE&T as 
a part of their core business. Therefore during fall 2004 Electrolux was looking for 
interested buyers to buy the whole plant of AE&T. The sell-out was expected to be 
finished by the end of the year of 2004, but this did not occur. No buyer was found 
and Electrolux decided to keep AE&T and make businesses as usual. Though, a group 
was assigned to see over the business and identify the strengths and weaknesses and 
make the best of it within the name of Electrolux.  
 
Being sold out or not, AE&T is in a situation where things have to change to make 
AE&T more competitive in the tooling and equipment making industry market.  
They have to become more efficient. One way is to have an optimised process through 
the plant, where the process contains an effective way to use technology and staff, 
together with an organization where the staff and the technology have a symbiotic 
relationship. 
 
Today one bottleneck area is already defined. That is the relationship between the 
CAD1, the CAM2 and the CNC3 manufacturing process. 

1.3 Project definition 
The general objective is to investigate the process at the plant with machines, 
equipment and the way work is being organized and performed. The aim is to come 
up with a more efficient way to perform tasks. The main objective is to investigate 
how the relationship between the CAD, the CAM and the manufacturing process with 
the CNC-machines is used today and how it is supposed to be used and organized in 
the future to achieve a more efficient process. 
 
Topical questions for this project are: 

• Which CAD-software is the most lucrative choice on the market today for 
AE&T? 

• Which CAM-software is the most lucrative choice on the market today for 
AE&T? 

• What CNC-machinery should AE&T invest in? 
o With reference on efficiency. 
o With reference on the financial situation. 

• How should the organization around the CAD-CAM-CNC process be, to gain 
in efficiency? 

                                                 
1 The CAD, Computer Aided Design, is a two or three-dimensional design tool. 
2 The CAM, Computer Aided Manufacturing, is a two or three-dimensional tool path creator tool. 
3 A CNC and a NC (C = computerized, N = numerical, C = controlled) machine is controlled from a 
program with orders, on which tool should do what and when. The NC-machine is an older version of 
the CNC and was controlled by a punch card instead of a computer. 
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1.4 Limitations 
The managing of the process of the CAD/CAM and the CNC-machines will be the 
centre of this project. Every other area, which will be investigated, has to have some 
connections and influence on the CNC-machines and/or the CAD/CAM. If there will 
be time left, investigations to gain efficiency on other areas will be possible. The time 
limit is 20 weeks, where the writing of the report and the presentation of this project 
are included. 

1.5 Project organization  
The project group consists of Miss Emma Bodemyr, Mr. Daniel Vallin and Mr. 
Juergen Bracht at Electrolux AE&T supervised by mentor Mr. Magnus Stenberg at 
Luleå University of Technology in Luleå, Sweden and Mr. Evangelos Lambrinos and 
Mr. Bob Speedie at CAMR, Centre for advanced manufacturing research at 
University of South Australia. To the group, the project engineers at AE&T 
contributed with their knowledge and support. Mr. Juergen Bracht is the project 
holder whereas Miss Emma Bodemyr and Mr. Daniel Vallin are responsible for the 
planning of the project and that the project is carried out. The time schedule and plan 
has followed the project spiral, see  2.1 Methodology. 
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2 Methodology and tools 
The project was presented for the group by Mr. Juergen Bracht, AE&T, and Miss 
Anna Ihs, foreign CAMR, at Electrolux AE&T in the beginning of September 2004. 
The conditions were set up and the main objectives discussed and clarified. A time 
schedule and methods were planned as the project started. The project was performed 
at Electrolux AE&T where computers and an office were provided. 

2.1 Methodology 
According to the Swedish booklet Människa Miljö Mål (Ranhagen, 1995), all projects 
can be compared with a spiral growing with the knowledge, experiences, ideas and 
demands contributed from the project organization along the progress. The best way 
of working in a project is to work in loops, according to an interactive approach. This 
project has followed a project spiral with loops with different focuses as the project 
progressed. The aim is a total of three loops (see Figure 1). The steps can be different 
to definition and number due to different kind of projects. 
 
The steps in the project spiral are as follow 
1. Project definition: Set up the goal and objectives, limitations, time schedule, 

background and organization for the project. 
2. Diagnosis: Make diagnosis for the current situation and for the future. Discover, 

map and analyse. 
3. Formulate requirements and goals 
4. Seek for alternatives: Seek alternatives for solutions, vision, ideas and actions. 
5. Evaluate and choose an alternative 
6. Develop the chosen alternative 
 
 
 
 
 
 
 
 
 
 

1 

2 

3 

4 5

6

1

2

3

45

6 

1 

2

3

4 5 

6 

Figure 1. This figure illustrates the Project spiral and how the work continues in the different 
steps, loops and focuses. 

 
LOOP 1 
The first loop was primarily to set up the project definition, planning, get to know the 
background of AE&T, diagnosis the problems and, also in this early stage, start 
thinking of different solutions and possibilities. 
 
LOOP 2 
In this stage focus is on analysis and diagnosis, literature overview to find alternatives 
and solutions. Even though the aim is to find solutions it is important to keep an open 
mind and not lose the overall point of view. Solutions and alternatives are structured 
and basic tools to evaluate them are settled. 
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LOOP 3 
In the final loop the evaluation tools were developed in detail and compared to the 
project aim and definition. All the results were written down and the master thesis was 
finished and the presentation was held at AE&T in Adelaide and at Luleå University 
of technology in Luleå.  

2.2 Methods 
To make the project progress several methods for collecting and evaluating 
information and solutions have been used. 

2.2.1 Interviews  
Interviews have been done with persons in different positions. They have been more 
or less structured, often more like a conversation. The interviewees have been three 
managers at the benchmarking visits, three different software vendors, Mr. Andrew 
Young, a lecturer at Regency TAFE Institute in Adelaide, and five operators and five 
engineers at AE&T. 

2.2.2 Brainstorming 
At different stages in the project, brainstorming sessions have been held, with the aim 
to come up with different aspects and ideas on how to continue with the project. 
Participants have been management, designers and the CAM-programmer at AE&T.  

2.2.3 Feedback and supervision 
Feedback, supervision and possibility to ask questions are important parts of the work. 
We had our mentor Mr. Magnus Stenberg at Luleå University of technology in Luleå, 
Mr. Juergen Bracht, the manager at AE&T, Mr. Bob Speedie at Centre for Advanced 
Manufacturing Research, University of South Australia to our help and support 
through out the project. 

2.2.4 Benchmarking visits 
Three benchmarking visits have been done at other toolmaking companies in the area 
of Adelaide in the months of October and November 2004 to get a picture of how 
other companies manages their businesses in the process of CAD, CAM and CNC-
machines.  

2.2.5 Market research 
The market for CAD, CAM software and CNC machines has been investigated, 
through searching on Internet and talking to other users, people in the branch and 
vendors.  

2.2.6 Questionnaire 
A questionnaire was sent out via e-mail on the 14th October 2004 to 298 different 
toolmakers around the world with 10 questions about the software and organization 
around their CAD, CAM and CNC machine processes. The e-mail addresses were 
taken from AE&Ts international contact list for toolmakers.   
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2.2.7 Literature studies 
Throughout the project a literature review was done within the areas of production 
planning, organization, industrial manufacturing, CAD, CAM, CNC and CAPP. 
Books have been borrowed from the library at Mawson Lakes, University South 
Australia, web-sites have been visited, brochures and magazines have been read. 

2.2.8 The usage of the CNC-machines 
The calculations regarding the usage of the CNC-machines (see 3.1.4 and 3.2.4 
Machinery and Appendix 8, Calculations) are based on 5077 in data gathered during 
the period 06/01/03 — 05/08/04 from work report forms, which the CNC-operators 
fill in each day. Also, data are collected from the CNC-machines, information about 
how many hours they have been turned on and how many hours they have been 
running (see ).  Appendix 7, technical data of the CNC-machines
 
The question to be answered with these figures comes from reasoning about what the 
project needed and what was possible to calculate and analyse. There are some 
limitations that can bee seen in  3 The current situation. 
 
The main issue was to find a connection between the areas; working time of the CNC-
operators, working time of the CNC-machines and how much time the machines are 
not used. 
 
Some assumptions had to be made, due to the limited time of this project. The best 
thing would have been if it was possible to measure each data manually during a long 
period. Instead these calculations had to rely on the reports from the CNC-operators, 
assumptions from the manufacturing manager and CAM-designer and data from the 
CNC-machines. 

2.2.9 Choosing CAD/CAM software for a business 
There are many CAD/CAM products on the market, supporting a wide variety of 
different operations. It is a highly competitive market, and each of these products has 
a mix of functionality that sets it apart from the competition and keeps its developers 
in business. According to Mr. Rohan Tink, a consultant and active in TIFA (Tooling 
Industry Forum of Australia), the key to successful selection of CAD/CAM systems is 
identifying which package has the right combination of features to meet the business 
needs. 
 
When purchasing CAD/CAM software one is committing to a product platform. 
Additional software packages purchased will often be limited by the need to be 
compatible with existing software. It is therefore important to make an effort to get it 
right, and to do so we followed this methodical selection process. Mr. Rohan Tink has 
during the years worked out a method for this kind of strategic decision, which we 
followed during this procedure:  

1. Identify Strategic objectives; Start at the strategic level, take a step back and 
examine the business, look at the type of work the business is currently doing, 
and ask how this will change in the future. Ensure that when purchasing a new 
CAD/CAM system, it is one that meets the current needs and lays the 
foundation to allow the business to move torward future business goals.  
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2. Identify business activities needed to achieve strategic objectives; once 
strategic objectives are identified, document the activities that needs to be 
performed and improved to achieve these goals. Only then, information 
needed to begin selecting the ideal software will be available.  

3. Identify product feature requirements to support required business activities; 
with the list of activities one is in position to relate these to the product 
features and begin to develop a profile of the ideal CAD/CAM package for the 
business.  

4. Distributing request for quotes; Develop a request for quote document with 
short introduction of the business to vendor and what to achieve with the 
software. Invite a response that includes:  

a. Their products ability to meet your need 
b. The software products and modules necessary to achieve your 

requirements 
c. Recommended hardware requirements 
d. Itemised software costs, training and support costs 
e. Information on training, on-line help, on-line tutorials and any other 

product support documentation 
f. An overview of the vendor, their experience with the product, number 

of users and number (and location) of support staff etc. 
5. Short listing the products on offers; thorough evaluation of a product’s 

capabilities is extremely time consuming, and should only be performed for a 
short list of the “most qualified”. Ideally one should quickly be able to cut the 
available solutions to a list of three or four best candidates. This is done by 
eliminating those products that:  

a. Do not meet one or more of the “must have” features, or offer poor 
functionality in these areas.  

b. Do not have sufficient vendor support/training/local user base 
c. Are not proven products or are offered by vendors with inadequate 

experience.  
6. Making the final selection; when selecting a CAD/CAM system it is important 

to evaluate the business solution offered, not the software in question. The 
value of the investment to the business is limited by the weakest part of the 
implementation. The best software in the world will not help the business if 
one is unable to get the staff adequately trained in its use. Similarly purchase 
price should not be used as a major decision factor. It is far better to set a 
maximum budget for the entire implementation and to select the best package 
available within the budget. An investment of a couple of thousand dollars at 
the time of purchase will be made back many times over the life of the 
software if critical operations can be performed better (or worse). The final 
selection should be based on features expected in the next upgrade. Use the 
product demonstration to evaluate both the vendor as well as the product.     
(TIFA News, Rohan Tink, August 2001)  
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3 The current situation 
The current situation is very different from how it has been. AE&T has reduced in 
size and is looking at an uncertain future. A more detailed description and analysis of 
the situation today for AE&T will be shown in the next coming sections. 

3.1 AE&T 
AE&T has 39 employees and one contractor today. A majority of the employees work 
with manufacturing tools and equipment and six of them work full time with the 
CNC-machines, where one is designing the tool paths. The other five are divided into 
two shifts, one day shift and one afternoon shift. Three operators cover the day shift 
and two operators cover the afternoon shift. The day shift starts 06.30 and finishes at 
14.50. The afternoon shift starts 14.40 and finishes at 23.00, with 20 min lunch or tea 
and 10 min short break. This gives the day shift a five minutes period to inform the 
afternoon shift. The afternoon shift has to leave a note for the day shift to read. Then 
there are five designers, where two are equipment designers and the other three are 
tool designers. 
 
Juergen Bracht, the plant manager, has the full responsibility of the plant. Under him 
there is an accounting clerk, responsible for the book keeping and administrative 
work. Then there are the engineers, divided in two groups, the design engineers in 
Tooling and those in Equipment. The manufacturing manager is the person linking the 
engineers together with the shop floor, the production and manufacturing. He is the 
one who has the responsibility over the shop floor and the blue-collar operators. The 
operators are divided in different teams, with their own team leader. The team leaders 
are helping the manufacturing manager to plan the jobs and plan the operators’ places 
in the plant for the day. The team leader of the CNC-operators is the CAM-designer. 
 
The lines in Figure 2 show the connections between the different organizational parts. 
The customer comes with a request to either the plant manager or one of the design 
managers. They return with a quotation. The customer then decides whether to go 
with AE&T or not. If AE&T are chosen, all information regarding the job is sent to 
the designer. He starts ordering material, planning the project and starts drawing the 
designs AE&T will use when manufacturing. The customers are supposed to approve 
the designs and solutions before manufacturing. These approvals are often delayed, 
with the consequence of a delayed product and an unhappy costumer. When the 
manufacturing manager receives of the drawings he starts planning the manufacturing 
together with his team leaders. When they have decided which part will be CNC-
machined or not, the manufacturing manager gives the CAM-designer the drawings 
that will be prepared for CNC-machining. When he receives them he starts planning, 
together with the manufacturing manager, on which CNC-machine every part will go 
to and when. At the same time he starts drawing the tool paths.  When the tool paths 
are done he distributes the program via the server, to the CNC-operators, who sets up 
the CNC-machine and activates the programmed tool path. 
 
For a more detailed description of the company structure and organization, see the 
organization chart in Appendix 1, Organization chart. To see a more detailed 
description of how the work is organized and done, see Appendix 2-4 and the section 
 3.1.2 Job process. 
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Plant manager 

Team leader 

Shop floor 

CNC-machinery

CAM-designer 

Design manager 
(CAD-designer)

Manufacturing
manager 

Customer 

Figure 2. This figure visualizes how the organization concerning the CAD – CAM – CNC-
machine process is at AE&T.  

 
The composition of the company today is not the same as it was a couple of years ago. 
During the last years the size of the company has decreased a great deal. For example 
the number of employees has decreased from 65 to 39 and AE&T used to have shift 
work making 20 hours a day and now only 16.5 hours. There were also employees 
focused on finding costumers, which made it possible to find more external costumers 
and keep the shop floor busy. The workload to day is not what it could be, and it is not 
only depending on the external costumers. Electrolux themselves are not giving 
AE&T as many commissions as AE&T need.  
 
What makes AE&T a company with unique ability to compete on the tooling and 
equipment market are the types of machinery the company possesses. One of the 
CNC-machines and the “EDM sparker road” are the largest machines of there kinds in 
South Australia. Another special machine is the Wire cutter, which is a very rare 
machine. Besides these special machines AE&T also has the ordinary and common 
machinery a company of this kind need, for example drilling and grinding 
possibilities. 

3.1.1 The economical situation 
Financially Electrolux AE&T belongs to the Electrolux washing products division, 
Beverley, Adelaide. In production and reports, the plant manager reports to Mr. R. 
Cusworth who is situated at Beverley.  
 
Mr. Juergen Bracht runs AE&T with the condition of being an internal profit center, 
with the goal to break even. AE&T is not supposed to make a profit when working for 
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Electrolux. They are only entitled to make profit when working for an external 
customer, which is the reason for the low profit last year, only $220000. 
 
2003 the company was comprised of about 65 people, which gave AE&T the 
possibility of a money turnover on 10-14 million dollars. The turnover this year will 
be smaller due to the limited number of jobs.  
 
An external and internal customer is charged differently by AE&T. The different 
prices are shown in Table 1. 
 
Table 1. This table shows how much AE&T charges their customer.   

$ Normal 
Manual

Overtime 
Manual Normal, CNC-machine Overtime, CNC-machine

Internal 55 65 63 68
External 68 74 77 83  

 
Electrolux decides these ratings, not AE&T, and they are considered to be quite low 
in comparison to other companies, according to Mr. Ray Waters, the manufacturing 
manager at AE&T. 

3.1.2 Job process 
AE&T is ISO accredited with ISO9000 and ISO 1400 since the year 2003 and follows 
certain procedures within quality management and environmental management in the 
way of work and progress.  
 
ISO9000 is the international reference for quality management requirements in 
business-to-business dealings to get satisfied customers for quality in products and 
processes. ISO1400 is primarily concerned with environmental management that 
means the organization does minimize harmful effects on the environmental caused 
by its activities and achieve continual improvement of its environmental performance. 
 
A job starts with an inquiry from a customer to one of the design engineers, either on 
tooling or equipment. The design engineers then become responsible for the project 
and create the traveller, which is a folder where all the documentation about the 
projects is held, and does all the planning and scheduling, apart from the designing. 
 
This first inquiry is assessed to see if AE&T have done a similar job before and what 
demands the costumer has, such as time limits and costs. If AE&T have not done a 
similar job before and they are short of experience in that area they probably will not 
take it if the demands are too severe. If AE&T decides to accept the job they send a 
quotation4 back to the costumer. The customer then has to decide if they want to 
continue the cooperation with AE&T. When that is settled, the real planing, 
scheduling and designing can begin. To make sure that both parties understand each 
other and want the same things, a discussion is first held. The customer usually then 
comes to AE&T. 

                                                 
4 To quote a job is to meet the customers’ needs and calculate and plan the time and costs for the job. If 
the customer then agrees and wants to make a deal, often a more detailed planning is necessary before 
the job can go in process. 
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When the quotation is raised, information about the customer and the job (like time 
schedule, price, costs, type of work and who is responsible) from the traveller are 
recorded in to the AE&Ts database, Magman. This activates the job and a number is 
allocated which stays with the job the entire time. 
 
If the design is simple, the designer finishes it and sends the job directly to 
manufacturing. If it is complex, the designer has to develop the design more and have 
meetings and discussions, checkings and amendments with different managers and the 
costumer. Finally the customers’ approval is required. The costumer often has a habit 
of waiting to long with the approval, so that AE&T’s scheduling suffers. In the end of 
this process, the designer can order all material. For a more detailed description of the 
quote- and design process, see . Appendix 2, Quote & Design Process map
 
When the designs are finished, saved in a specific folder on the server with its specific 
number, and ready for manufacturing, the designer begins a discussion with the 
manufacturing manager. The manufacturing manager then begins scheduling and 
planning the job on the shop floor. The things he has to decide is which operators will 
do what and when, what part will be CNC-machined and not, and if a job is to be 
prioritised. He can have the team leaders help him in these matters. He does his 
planing in Microsoft project, but he does not have that scheduling automatically 
updated. So, for him to know how a job is proceeding, he has to be out on the shop 
floor asking. On the shop floor the team leaders are supposed to have everything 
under control, know what is going on and where every job is in its process. If a team 
leader wants to inform the manufacturing manager of something, he has to see him in 
person. 
 
If a part is to be CNC-machined the manufacturing manager informs the specific 
CAM-designer of what parts needs setting up for CNC-machining. They can choose 
to do either a 3D machining5 or a 2D machining6. If it is a 2D machining, the CNC-
operator makes the CNC-programming directly on the CNC-machine without using 
CAM software. If the choice is 3D machining The CAM-designer gets a paper 
drawing with a specific stamp, saying that the drawing is approved for manufacturing. 
He also goes to the server and picks up the specific drawing with the coincident job 
number. The part is then looked over, to see if there is anything to complete or change 
to make it work on the CNC-machine. When everything is as it should, the CAM can 
be established and downloaded to a place on the server from where the CNC-operator 
can pick it up from the computer next to the CNC-machine and execute the 
programmed tool path after having set up the machine. Also se Figure 3 which 
illustrates the way a product has to go to be CNC-machined. 
 
If a part is to be made manually the drawing is given to another operator and then 
made accordingly. 

                                                 
5 3D machining is the manufacturing that starts with CAM-programming and then sent to the CNC-
machines. This allows the operator to set up the work, pick up and start the right program and then just 
walk away. 
6 2D machining is the manufacturing where the operator does the programming directly on the CNC-
machine, without using CAM-software. He then sets up the job and runs the program, but at AE&T he 
has to stay and watch the machine running. This approach is suitable for simple work, like drilling 
holes. 
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Do the 
job or 
not? 
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What 
parts to 
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 CAD Custom 
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Figure 3. This figure illustrates the way a part has to go trough the company to become CNC-
machined. 

 
See , “Production process map”, for a more 
thorough view of the manufacturing process. 

Appendix 3, Production process map

 
When the job is ready and acceptable for customer delivery there is another process to 
proceed with, the “Final inspection & delivery process map”, see 

. If the job is not to be commissioned a cartnote7 is 
raised and the job is arranged for delivery. If the job is to be commissioned, the job 
has to be prepared and installed. Sometimes it has to go through some modifications 
and amendments until the installation is complete. When it is complete the traveller is 
returned to the design engineer who liaises with the customer for review of the 
customer’s satisfaction. The job is then closed and the traveller is removed and ready 
for archiving. Invoices are raised and sent to the customer, and the engineer does a 
summery about the job which is discussed at a production meeting with the 
management team. 

Appendix 4, Final 
inspection & delivery process map

3.1.3 The flow of communication 
Once every week the management group has a meeting, summoned by the plant 
manager. In the management group all areas of the product and manufacturing process 
are represented. This means that the manager, production manager and design 
engineers from tooling and equipment are present. In the meeting, all the current jobs 
in the Magman are planned and discussed. If any job is delayed in time or has 
exceeded the planned cost due to any reason it is discussed and if possible replanned. 
New jobs are discussed and quoted in the meetings as well. No formal notes are taken; 
it is mostly oral and a check for the responsible persons to know how things really are 
going in general and on the shop floor in specific. Minutes are taken and updated on 
weekly basis by Mr. Juergen Bracht. 
  
Before the management group have their meeting, the team leaders and the 
manufacturing manager have a meeting. They are discussing the same things, and the 
meeting is an update opportunity for the manufacturing manager, to have the current 
information from the shop floor before going to the management group meeting. 
 
There is one more intermittent meeting, the monthly meeting summoned by the plant 
manager, to gather all the employees for general information. 
 
If any other production or manufacturing issues are to be discussed a meeting is 
summoned with all representatives needed for that special issue. That could for 
example be a quality issue or a new routine or a new important customer or job. 

 
7 A cartnote is like a delivery note. Every time a job is finished and leaves AE&T a paper form is 
issued. One copy is attached to the delivery, one copy goes to the accounting clerk, who charges the 
costumer, and the manufacturing manager keeps one copy.  
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3.1.4 Machinery 
Today AE&T has four different CNC-machines: the Micron (see Picture 1), bought in 
2003, the Okuma MC-60VA (see Picture 1), bought in 1993, the Okuma MCV-A (see 
picture 1), bought in 1989, and the Okuma LS30-N (see Picture 1), bought in 1987. 
The technical data is shown in , 

. 
Table 2 Appendix 7, technical data of the CNC-

machines
 
The Micron is fast compared with the others, even though it is not a High Speed 
CNC-machine8. It does have a high-speed controller, which allows it to be upgraded 
to a High Speed CNC-machine. The work done on the Mikron is primarily 3D work. 
On the others 2D is the primary work. For exact assumed figures see 

. 
Appendix 8, 

Calculations
 
Every CNC-machine has its own computer, except from the big lathe, where the 
designed tool path can be retrieved and activated. When the right program is activated 
and the operator has set up the machine he just has to start the program on the CNC-
machine and it does all the work. 
 
Besides the CNC-machines AE&T has a wide range of other useful tools, tools a 
company of this kind needs. For example grinding, milling, die sinking and lathe 
turning are abilities they possess. All the manual machines are very old, most of them 
bought during 1960 and 1970. AE&T also have two special machines, a Wire cutter9 
and an EDM machine10 that attracts some customers because of the capacity of these 
machines.  

                                                 
8 The definition of a High Speed CNC-machine is that it normally exceeds a spindle speed of 20000 
rpm and cuts very thin pieces. The speed can for some machines come up to 60000 rpm. 
9 A Wire cutter is a machine that cuts materia with electricity and a thin thread of copper. This is a very 
accurate cutting tool. 
10 The EDM machine is similar to the Wirecutter. It also uses copper and electricity to remove materia. 
The difference is that it removes materia with a shape, the exact shape of the cut. 
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Picture 1. This picture shows the four CNC-machines. Upper left corner is the Micron. Upper 
right corner is the Okuma MC-60VA. Lower left corner is the Okuma MCV-A. Lower right 
corner is the Okuma LS30-N. 

 
In order to make the usage of the CNC-machinery efficient AE&T have one 
fundamental idea, one operator must operate two CNC-machines simultaneously and 
when both of them are working the CNC-operator will be accessible for other duties. 
It is, though, not realistic today to see it as a truth due to the limited workload at this 
moment. The time a CNC-operator is vacant to do other things depends on the 
difficulty of his CNC-jobs. 
 
Two types of data have been collected and analyzed, one regarding the CNC-machine 
hours and one regarding the working hours for the operators on the CNC-machines. 
The machine hours are collected directly from the CNC-machines. Every machine 
automatically records how many hours it has been working in total. In 

, , these numbers can be seen as hours per 
year. The total amount of machine working hours have been divided with the age of 
each machine, and machine working hours is the time when the CNC-machines have 
been manufacturing, been productive. The working hours for the operators on the 
CNC-machines are collected from a period between 06/01/03—05/08/04, here 
rounded off to 19 month. This information is gathered with a form, where the operator 
writes down how many hours he has put on some specific work done on or with the 
CNC-machines. From the same type of form you can get a hold of the amount of 
hours spent on programming the CNC-machines. 

Appendix 7, 
technical data of the CNC-machines Table 2

 
With this information some questions are to be answered: 

1. How is the utilization of the four CNC-machines together and separately? 
2. How is the relationship between the different CNC-machines, regarding 

machining hours? 
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3. How is the relationship between the machining hours, operator working hours 
and setup-time (including all work done on the CNC-machine, forcing it to 
stop machining)? 

4. How many hours are put on CNC-programming, CAM? How is the 
relationship with the number of jobs, with CNC-machining time and with 
CNC-operator working time? 

 
The total time of CNC-machining at AE&T can be divided into three areas, when they 
are running, when they are being setup (also includes fixing problems and changing 
tools) and time when they are doing absolutely nothing, see Figure 4 for a 
visualization. 

Compairison with total time

Nothing
66%

Run time
18%

Setup-time
16%

Compairison with total time when holidays,
 shift work and RDO's are considered

Nothing
22%

Run time
40%

Setup-time
38%

 
 
 
 
 
 
 
 
 
 
Figure 4. This figure illustrates the distribution of time usage for the CNC-machines. To see the 
calculations, go to . Appendix 8, Calculations

 
As Figure 4 shows there is a big part of the available time that is consumed by 
unutilized machine time. When considering total time for a year (see formula 1, 
Appendix 8, Calculations), the unutilized time is 66 % and when holidays, shift work 
and RDOs11 are considered the time is 22 %. What is also worth mentioning is that the 
setup-time and run time is of nearly equal amount of hours. 
 

                                                 
11 RDO stands for Roasted Day Of and is usually one day per month. The operators work a little longer 
each day than needed and uses this time to the RDO’s.  
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Figure 5. This figure is a compilation of different conditions for the calculation of the utilization 
of the CNC-machines. To see the calculations, go to . 

Figure 5

Appendix 8, Calculations

Appendix 8, 
Calculations

 
 shows a distinct difference how much the CNC-machines are used. The two 

ones with mainly 2D work are the ones with highest utilization. The Mikron is a fair 
step behind and the LS30 is not even close, mainly due to lack of suitable jobs. The 
reason for the MC-60VA and the MCV-A to be able to have utilization greater than 
100 % is due to that the time used for the calculation does not take overtime in 
consideration, and sometimes the machines actually are used during weekends. 
 
The collected data also shows that the CNC-operators are using more time together 
during one year than the CNC-machines together (see formula 7, 

).  

3.1.5 Software 
The softwares, crucial for this project are the CAD, the CAM and the coding of the 
CNC-machines.  
 
When AE&T are doing their designing (CAD), they use AutoDesk Inventor, 
essentially when they are making new designs. If it is an old one being reworked, and 
the old one is done in Mechanical desktop it might be easier continue doing it in the 
same. Today they are using the version 8 of Inventor, but they have purchased the 
latest, version 9, without using it. The reason they are not using it, is because they will 
not be able to read the older drawings with the new version. 
 
The CAM programmer’s software at AE&T consists of three different software 
packages, all for different applications. The three different are The Delcam, AutoDesk 
Inventor and Caddsman, where the Delcam and the AutoDesk Inventor consist of 
different programs. In the Delcam, the CAM application software, there are 
CopyCAD, PowerSHAPE and PowerMILL, which are suitable for 3D. AutoDesk 
have the Inventor AutoCAD, which is better for solid works, the Mechanical desktop 
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and the AutoCAD mechanical, which is more suitable for 2D. The CAM programmer 
uses the CAD softwares to adjust the CAD drawings and make them more suitable for 
CAM tool path. 
The wire cutter programmer uses AutoDesk Inventor and Caddsman for wire cutter 
applications but that is not a part of this project.  
 
The TNCremoNT and the Xlinkfast do the coding and post processing of CAM data 
for the CNC-machines at AE&T. Where TNCremoNT is compatible with the Mikron 
and Xlinkfast is compatible to the older CNC-machines.  
 
This solution is functional, but also only one way compatible. If any changes are done 
with the CAD after CAM has been done, the CAM has to be made all over again 
because the CAM cannot be updated automatically after changes in CAD between the 
softwares. Economically this system is one of the cheapest solutions on the market. 
Inventor is easy software to learn and DelCam package with PowerMill is powerful 
CAM software. 
 
Another aspect of the data handle with software is in which format data is received 
Currently data is received as follows from some of the customers: 
• Electrolux in Orange UG NX using STEP/IGES/DXF 
• Electrolux in Adelaide Pro-Engineer using STEP/IGES/DXF 
• Mitsubishi in Adelaide CATIA V4 using STEP/IGES/DXF 
• Holden UG NX2 using native UG NX2 files 
 
Future work will be received as follows: 
• Electrolux in Orange UG NX using STEP/IGES/DXF or native UG NX files 
• Electrolux in Adelaide Pro-Engineer using STEP/IGES/DXF 
• Mitsubishi in Adelaide CATIA V4 using STEP/IGES/DXF or native CATIA V4 
• Holden UG NX2 using native UG NX2 files 
 
Therefore, it’s necessary to find and implement a solution that will: 
• Decrease time that is currently spent importing and cleaning up foreign data 
• Integrate CAD and CAM together, speeding up the time from Design to 
Manufacture 
• Use latest proven and the most widely used state-of-the-art technology for 
Manufacturing Planning 

3.2 Analysis 
This section will enthrone some of the areas mentioned in  3.1 AE&T with thoughts 
and analysis. In general the description section shows that the CAD-CAM-CNC 
process has some major problem areas. The organization is one, where the main issue 
is how the designed part is getting its tool path and being activated on the CNC-
machine.  
 
Today, as mentioned in  3.1 AE&T and illustrated in Figure 2, the manufacturing 
manager has to go via a specific CAM designer to get the CNC-machine programmed. 
This makes the organization forced to have one extra step and that is time-consuming, 
which in the end will be an expanse to AE&T. This is due to that the manufacturing 
manager has to inform one person, the specific CAM-designer, and make sure he 
knows what to do. At the same time he is responsible for what the CNC-operators are 
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doing on the shop floor and make sure they know what to do. This will take away 
valuable time from the manufacturing manager, which he could have used to make his 
strand of responsibility more efficient. It would have been more time-efficient if the 
manufacturing manager could go directly to the operators and have them do it 
themselves. 
 
This leads us to the next problem area, the informational and technological aid. Today 
the manufacturing manager has to manually update his information of every job on 
the shop floor. He needs to know who is doing what where. To manually gather all the 
information all the time and keep everything updated is a lot of work, which takes a 
lot of time. This will also affect the ability, in a negative manner, to react and respond 
to changes needed due to some manufacturing problems or priority changes. 
 
A third thing is the bottleneck situation regarding the CNC-machines. Today they are 
not being used one hundred percent, it is not just due to the lack of jobs; it is also a 
question of the utilization. It happens that a job has to wait to be CNC-machined. 
Sometimes it is the CAM-designer that cannot keep up, sometimes there are not 
enough CNC-machines and occasionally there are flaws in the scheduling. This shows 
the importance of having the right equipment, not too old machinery and not too few. 
Though, to have too many machines and buying new ones all the time is not a good 
and efficient way either. Therefore a good plan is needed, a plan that can say what 
type of machine is needed and when it should be bought. This is also connected to 
what scheduling and planing system the manufacturing manager possesses. If he 
could schedule all jobs correctly one source of error could be excluded. 
 
Besides these major areas there are some other issues. One is how the shift work is 
being handled. Today they do not have the time or efficient method to inform the next 
coming shift of what has happened during the shift before and where they shall take 
over and what they should continue with. This can lead to that thoughts and plans an 
operator have on one shift not gets thru to the operator who is taking over the job on 
the next shift. This will result in a miss planed end product and a need of extra 
unnecessary planning time. If the different shifts would be able to meet each other 
they could talk things thru. This would, though, need AE&T to use three eight ours 
shifts, so that one shift always are present when another starts. Another solution is to 
have a well-developed reporting system, where each operator writes down exactly 
what he has done during his shift. The second operator will then know what the other 
operator has done, how he has planed everything and why, he will know the line of 
thought. This will give every operator a possibility to work together with the same 
goals without having to meet up. Then there is always the opportunity to let the 
operators be responsible for one specific job each without any intervention from 
another shift. The hardest part here is how every work should be planed and scheduled 
to make the usage of the CNC-machines as efficient as possible. They have to run all 
the time and no job can afford waiting for one machine to become vacant. This 
becomes much more difficult with shift work; it demands a good scheduling for both 
each job and all jobs in a general sense. 
 
Another issue is why the designers have to be divided into two different teams, the 
tool team and the equipment team. What if every designer mastered both areas? That 
would make the organization more flexible and when the designers use their 
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experience and knowledge together regardless area, new ways to solve things would 
open with the result of better solutions. 
 
Then there is the question whether or not there should be any team leaders. A team 
leader is good to have if the shop floor needs a supervisor, someone who knows what 
to do and can make sure everybody is doing what they are supposed to do. There are 
also disadvantages with having team leaders: 

• The information has to travel a longer way to reach the operators than if the 
team leaders did not exit. The manufacturing manager has to have a meeting 
with the team leaders and the team leaders then have to do the same with their 
operators. 

• The operators do not get the same confidence from the management if they 
need a person supervising their work. This will lead to unmotivated operators 
with the tendency to not care for the company. To become motivated a person 
has to have responsibility. 

• The team leader costs money. To be a good team leader a good plan is needed 
to organize the team’s work. The operators could, with the right education, 
motivation and skill, handle a computerized system that informed them of 
what to do, as the team leader would have. Though, this will only work if the 
operators are ready to take the responsibility required and always do their best 
and have the ambition to fulfill the goals of the company. To have operators 
with these qualities, the management is required to make sure they have the 
right personnel, with the right background and education, and that they give 
the operators there full confidence and trust. 

 
The usage of a manufacturing manager does also have to be questioned. Today he is 
putting a lot of effort to know what is happening on the shop floor. He does not have a 
system that helps him gather the information. He also has to use a lot of his time to 
inform the team leaders and operators of what to do and when. If all this could be 
avoided, or anyway reduced, the manufacturing manager would have more time to 
make the manufacturing more efficient. He will be able to do this if he can have a 
computerized system supporting him and if the designers somehow could contact and 
deliver the correct information to the operators without having to go through the 
manufacturing manager. 
 
One positive thing is the way the designers are involved. They are the responsible 
persons from the beginning to the end; they receive the costumer inquiry and do the 
last check up with the costumers. This gives them a good overview of the entire job 
and can because of that adjust a job during its whole process in a good and effective 
manner. 
 
To be a company on the world market AE&T has to grow. At least come back to the 
size they once had, approximately twice the size of today and increase the money 
turnover. This will be done by newer and faster machinery, more automation and have 
operators with higher education, more motivation and a higher skill level. 
 
These required investments will be even more important when AE&T becomes an 
independent company, due to the sell-out of AE&T from Electrolux. Then AE&T will 
have to find every costumer by them self and they will no longer have the economical 
goal to break even. 
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3.2.1 The economical situation 
Due to the possible sell-out, the economical situation is hold back. This makes it hard 
to analyse the economical situation at the moment. 
 
The rumour about the sell out made AE&T loose a lot of work. Therefore they had to 
go out and lower their prices to get the job. Having job on the shop floor is better then 
not having any, because they still have to pay out salaries.  

3.2.2 Job process 
A problem with the process is how the process time is estimated. The situation for 
AE&T today is hard. They have two types of costumers, the internal (Electrolux) and 
the external. The internal is hard because Electrolux have the right to demand what 
jobs shall be done when. It does not matter what AE&T thinks, they have to follow 
orders, due to the ownership. At the same time the external customers, who often are 
big automobile companies, have a very tight schedule of their own, which prevent 
them to give AE&T the space needed. If AE&T would argue about the time schedule, 
the costumer will go elsewhere and that is negative for AE&T. This makes AE&T 
almost forced to agree to time schedules that are not durable. Another thing that is 
interfering with the scheduling is that AE&T often are depending on designs from the 
customer. Sometimes the costumers do not deliver within the agreed deadlines and 
they will not or cannot let AE&T move the final deadline. This force AE&T to finish 
their job on even less time. 
 
One that has to deal with these problems is Mr. Ray Waters, the manufacturing 
manager. He together with the tool path maker for the CNC-machines and the 
concerned team leaders has to set the priority for all the jobs, in what order they are 
being CNC-machined, what parts are being CNC-machined and how much time 
everything should take. When he does not have a good supporting and scheduling 
system, and that one day not are the other alike, he is in a very tough and difficult 
planning and scheduling situation. He does not have the desired control. When you do 
not have the sufficient control it will become very hard to make reliable estimated 
schedules and plans. 
 
This inability to make reliable scheduling and planing causes many jobs to be 
overdue, not finished in time, and to cost more than forecasted. This is not a good 
thing for AE&T. Therefore a computerised scheduling system is requested, to be able 
to get a better overview and knowledge how internal things will influence one specific 
job.  
 
Because there are two different persons, from tooling and from equipment, doing their 
quotations and becoming responsible for their job processes, it can cause problems 
when trying to schedule and plan each job. This is due to that these different persons 
work with different areas, with limited information and knowledge about what type 
and how many jobs the other areas want to manufacture. When these two areas then 
meet on the shop floor, problems sometimes arise. It could be in the sens of which job 
needs to have the highest priority and which job should use one specific CNC-
machine. This is all due to the lack of collaboration and a good information system 
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telling everybody about the overall picture, when, where and how a job is scheduled 
for. 
 
One question is why a no digitalized folder is being used (the Traveller), when a 
digital folder (the database Magman) also is being used. Is it really a need for that? 
The answer could be that sometimes the customer comes with a sketch on a piece of 
paper, to be further developed by the designer at AE&T, and then this sketch needs to 
be put somewhere. Another reason is that when the designer is trying to come up with 
solutions it is sometimes nice to be able to look at a printout and have the ability to 
sketch directly on the drawing. These sketches do also need to be saved somewhere, 
due to the demand of traceability through every step of the development. So, if this 
should be possible and not have to scan every sketch, the usage of both the Traveller 
and the Magman is entitled.  

3.2.3 The flow of communication 
The flow of communication seems to be ok. They have their regular meetings and if 
anyone needs extra time they can always get it. One thing that would be good to 
change is to have everyone, and not just the team leaders, on the weekly meetings. 
 
Communication on note boards, visualising the current situation on different jobs 
could be one first step in improving information and communication situation and 
make it more efficient. Operators themselves within responsibility areas can update 
the note boards; -no need for manufacturing manager to go around and get updated 
verbally. 

3.2.4 Machinery 
The key machinery of AE&T today is generally very old. Therefore they have to 
invest in new more automatic equipment and machinery, which will be faster with 
better capacity, easier to handle and also require fewer operators. They also have to 
come up with a plan of how and when they should do there following investment. 
They will have to invest in new technology regularly, to keep up with the 
development around the world, to be on the edge with technology. They have two 
choices, either to buy and sell regularly, and handle all the costs that come with 
ownership, or to lease all the machinery and get new ones regularly with free 
maintenance.  
 
To become more efficient and competitive on the world market, AE&T has to have 
more of their manually work done on CNC-machines. They also have to try to reduce 
their setup-time, use as many hours per year as manufacturing time as possible and 
they have to make all 2D work to 3D work, so no CNC-operator has to stand and 
watch a machine manufacture. The ultimate solution would be that Figure 4 showed 
one big piece of Run time. Though, the production needs some free time, 20%, to be 
used as a buffer, applicable when the number of jobs exceeds the normality. A second 
issue is the type of manufacturing AE&T is doing. It is a type that cannot allow big 
production series, which leads to a need for many setups in comparison with number 
of manufacturing hours. The proportion between the working time of the CNC-
operators (α) and the working time of the CNC-machines (β) has to be different than 
what formulas 5, 6, and 7 in  shows. The quotient between 
them (α/β) has to be less then one. One thing that would make this quotient to go in 
right direction is either to increase the number of CNC-machines or reduce the 

Appendix 8, Calculations
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number of CNC-operators and at the same time makes sure to have an organization 
that allows and helps the CNC-operators to handle a greater number of CNC-
machines.  
 
Another thing worth mentioning is that the fastest CNC-machine, the Mikron, is doing 
far less work hours then the older and slower machines. To gain a high efficiency with 
what is available, the fastest machine has to be prioritized. This would raise the 
possible number of manufacturing jobs. One factor to why the Micron is doing far less 
work hours is due to the size of the jobs AE&T does. The work pieces for the tools are 
often big and heavy and therefore the Micron does not have the capacity required. 
Though, a lot of the work which today is made manually can easily be machined in 
the Micron instead.  
 
The low usage of the LS30 is not good. Though, since they already have that machine 
it would be a waist to sell or scrap it, when it actually can do things none of the others 
can. This means AE&T get jobs due to the LS30, which they never would have gotten 
otherwise. 

3.2.5 Software 
AE&T seems to have software that is rather commonly used world wide, which would 
indicate that their choice is a good choice. There is not at the moment anything the 
designers complaining about that they cannot do due to software limitations. But some 
of the designers are used to work with other software, Uni-graphics and Pro-engineer, 
from earlier work places. Some other software have more applications and other 
methods performing tasks that are easier to use and time saving. 
 
One thing to think about is if the different types of software really are a good solution. 
The combination with Inventor for CAD and DelCam Power-Mill for CAM is 
common at other places as well. DelCam is a third party system and it is one-way 
compatible. The CAD can be imported in the CAM software and establish the tool 
path but if any changes are done in the CAD you have to import the new CAD version 
and establish a new CAM for that. The DelCam software is easy to use after a short 
time of training. The benchmarking visits evinced that shop floor operator could 
handle the CAM software successfully.  
 
AE&T has to make them self more attractive on the market. One aspect in that can be 
to have more attractive software, using the same kind of software as the biggest 
costumers they want to attract uses. To get first contract costumer with some 
automotive or aerospace company it is in the contract to use special software, due to 
the compatibility and history of changes and traceability. The problem is then that you 
can end up with several different softwares. That becomes expensive with a higher 
licence cost and inefficient with training and competence and a more complex 
situation for the designers. But if such contract would be signed, money will come 
with it as well and the cost for software and training for it would not be an issue. 
Another thing is to get away from the need to translate different format files when 
importing data info from customers. Using different formats some data can be hidden 
or lost while import to another software. To repair or sometimes rework is time 
demanding and inefficient. The biggest and most well known softwares have all 
translation for STEP and IGES and some more commonly used formats and 
Unigraphics has for example translator for CATIA files and vice versa.  
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The things AE&T need for software performing CAD is a basically modelling and 
drawing applications. The tools AE&T do is mostly press tools and none of the 
softwares in market research have special applications for that, but one could use 
some of the mould applications that Unigraphics has. Catia has some mould 
applications as well.  
 
The first thing to solve is to go from needing to import and export all different formats 
and on the way loose some information in the files due to lack of compatibility.  
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4 Literature review 
To get more knowledge, useful for this project, we have done a literature review in 
different areas, mostly in CAD and CAM with history and developments but also 
machining and organization. 

4.1 History and theory 
The roots of today’s CAD/CAM go back to the beginning of civilisation when 
engineers of ancient Egypt, Greece and Rome acknowledged graphics 
communication. Some of the existing drawings in Egyptian tombs can be considerate 
as technical drawings. Available work and notes of Leonardo da Vinci show the use 
of today’s graphics conventions such as isometric views and crosshatching. 
Orthographic projection, which is practiced today, was invented by the French 
mathematician Gaspard Mange who was employed as a designer by his government. 
This method of projection was made available for public engineers at the beginning of 
the nineteenth century after the military kept it as a secret for thirty years. The 
inventions of computers and xerography later that century have given graphics and 
consequently CAD/CAM their current dimensions and powers. 
 
The past five decades CAD/CAM has gone through major phases of developments. 
The first phase spammed the decade of 1950’ and can be characterises as the era of 
conceiving interactive computer graphics. Development during the first decade was 
slowed down by the expense and inadequacy of computers for interactive use at that 
time. MIT was able to produce simple pictures by interfacing a television-like CRT 
(Cathode ray tube) with a whirlwind computer in 1950. 1952, MIT’s 
servomechanisms Laboratory demonstrated the concept of numerical Control (NC) on 
a three-axis milling machine.  
 
Passive graphics, displayed on CRTs were used in the mid 1950’s to solve military 
command and control problems. The second half of 1950s had witnessed the 
conception of the light pen. That development was a result of project within Air 
Defence System at MIT’s Lincoln Lab. During late 1950’s automatically programmed 
tools (ATP) were developed and in 1959 GM began to explore the potential of 
interactive graphics. 
 
During the 1960’s was the most critical research period for the interactive computer 
graphics. The fact that computers came out of research laboratories helped to spark 
the development in this decade. On the big breakthrough at this time was the 
invention of sketchpad at 1962. The term CAD - computer aided design - started to be 
used. The term implied computer graphics with the word “design” extending it 
beyond basic drafting concepts.  
 
During the late 1960’s great development occurred on the design, computer and 
displays areas, and storage tubes became available commercially and storage tube-
based “turn-key” systems began to evolve. In the 1970’s the research from the 1960’s 
started to be fruitful and the important potential of interactive computer graphics in 
improving productivity was realised by industry, government and academia. 
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The 1970’s can be described as the golden era for computer drafting and the 
beginning of ad hoc instrumental design applications. Turnkey systems supplied 
draftsmen and/or designers with 3D centralised databases primarily for modelling and 
drafting purposes. 
 
Due to limitations in slow machinery the majority of the systems supported wire-
frame modelling and a few in a limited basis some surface modelling. Due to this 
limitation, only basic design and modelling were made and the most well developed 
applications available were mass property calculations, finite element modelling, NC 
tape generation and verification, integrated circuits.  
 
The management of various industries began to realise the impact of the new 
CAD/CAM technology on improving productivity in the late 1970’s. Engineers have 
been stretching the technology since then. 
 
During the 1980’s much research to develop the algorithms evolved. An essential goal 
was to integrate and/or automate the various elements of design and manufacturing to 
achieve the factory of the future. 
 
The major focus of research was now to expand CAD/CAM beyond 3D geometric 
design and provide more engineering applications. More accurate representations of 
sculptured surfaces and more advanced calculations of mass and FEM mechanisms, 
robotics analysis and simulations injections moulding design and analysis, front-end 
tools to automate conceptual design are some examples of CAD/CAM development at 
this time. 
 
Future research is to make it all more automated and integrated and even better 
applications, easier interface and user friendlier (CAD/CAM theory and practice, Zeid 
Ibrahim, 1991). 

4.1.1 CAD 
The first development in computer aided construction was done in the USA in the 
beginning of the1960’s. At the end of the 1960’s the first commercialist CAD-system 
was launched, but it was not until the 1980’s when PC became common and the prices 
of computer equipment decreased, the technology reached the small and middle-sized 
companies. Within mechanical companies CAD is used for drawings of parts and 
whole constructions. Computer aided design can be useful in all different areas of 
industry. 
 
The design work can be done in two dimensions or three dimensions. In two 
dimensions the drawings are built up with basic elements as lines, circle bows, curves 
and text. With help of editing commands one can manipulate sketched details. Objects 
often to be used can be saved in symbol libraries. Copies of the objects can then be 
used and placed in the drawings. Two dimensions CAD drawings are obtained 
through that the solid model is projected on a plane in a coordinate system. 
 
In three dimensions one builds up models with curves, surfaces or solid models, 
depending on if you need a wire frame, solid or surface model. By adapting an orig 
one can obtain a projected image of the model. Surface and solid modelling are 
important in engineering industry. Surface modelling has been used for designing 
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curved surfaces in shipping and consuming products, as in automotive. In the 90’s 
solid modelling became more common to design, as well single parts as whole 
constructions. The construction can be assembled virtually. 
 
Later auditions of CAD systems have more artistic effects built in so the drawings 
become picture and photo like. Also more applications as technical calculations for 
FEM, mass, costs and material quantities have been applied. (NE, www.ne.se 041029) 

4.1.2 CAM 
Computer aided manufacturing, is using computers to prepare manufacturing of parts 
and products. CAM usually regards to computer-aided establishment of programs for 
numerical controlled machines, by using CAM software. In the computer one creates 
the model of a detail or product that is to be manufactured and a model of the work 
piece. The program then establishes the tool path, the way the tool goes over the work 
piece to create desired part/ detail. CAM is most efficient to be used with complex 
surfaces, complicated geometrises and curved surfaces. 
 
Even though most of the CAM work is made automatically after computer program 
one have to know about the program and working process. The user is the one 
choosing the tool, preparation the data, speed of feeding and RPM (radians per 
minute) and in which order the tools and paths are to be made and operate. It is also 
the user deciding which tolerances there are to be used and which differences from the 
data in program and actual part in CNC-machine is to be approval.  
 
In CAM software there are usually a simulation menu and options, where you can 
simulate the operations you made in a program before machining it for real. In 
simulations eventual coalitions in the operations and sequences can be discovered and 
improvements can be done. One can also get all the data about the CNC-
manufacturing, working time, running time, set up time for different tools and so on. 
 
Construction is usually made in computer aided design software, where drawings and 
models can be established. These models are the ones to be used in CAM modelling 
as well. There is some software, which is integrated with CAD and CAM, so called 
CAD/CAM systems.  
 
The CAM software usually generates a Cutter Line data (CLdata). To get the right 
format of CLdata a postprocessor is used. This program can be integrated or self-
dependent in the CAD/CAM system. Modern systems usually have the control system 
for CNC integrated computer connected to general computer network. (NE, 
www.ne.se 041029) 

4.2 Integration of CAD, CAM and CNC 
Modern manufacturing enterprises are built from facilities that are spread around the 
world, and often contain equipment from different manufactures. Immense of product 
information must be transferred between various facilities at different locations. 
Today’s digital communication technology has solved the problem of reliably 
transferring information across the global networks. For mechanical parts, the 
description of product data has been standardized by ISO 10303 (also known as 
STEP) in form of exchangeable files, application programming interfaces and 
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database implementation. This leads to the possibility of using standard data 
throughout the entire product process chain in the manufacturing environment.  
The implements to realizing this principle are believed to be the data format used at 
the machine level.  
 
Most computer numerical control (CNC) machines are programmed using the ISO 
6983 “G-code” language, also known as RS274D. CNC programmes are usually 
generated by computer-aided manufacturing (CAM) systems that use the information 
from a computer-aided design (CAD) system. The problems occurred to the CNC 
machines are further magnified due to the essential role these CNC machines are 
playing in the manufacturing world.  
 
ISO 14649 is a new standard for data transferring between CAD/CAM systems and 
CNC machines. It remedies the shortcomings of ISO 6983 by specifying the 
machining process rather then machine tool motion by means of “Working step”, as 
the basic entity. Working steps are effectively machining features and associated 
process parameters. The future CNC controllers are responsible for translating 
Working steps, instead of G, M codes, to axis motion and tool operations. A major 
benefit of using ISO 14649 is its total conformity to ISO 10303. In fact, the standard 
that ISO 14649 defines as called STEP-CNC, namely STEP extended to CNC. 
 
The basic role of CAD is to precisely define the geometry of a design, as it is critical 
to all the subsequent activities in the product cycle. Similarly, CAM is the technology 
concerned with the use of computer systems to plan, manage and control 
manufacturing operations through either direct or indirect computer interface with the 
plant’s production resources so that a design can be materialized. Due to the fact that 
a 3D model contains enough information for CNC cutter-path programming, the 
linking between CAD and CAM is made easier. So-called turnkey CAD/CAM 
systems were developed based on this concept and became very popular in late 1980s. 
One of the earliest developed technologies in the areas of CAM is Numerical control 
(NC), which is the technique of using programmed instructions to control a machine 
that mills, cuts, punches, grinds, bends or turns raw stock into a finished part. In an 
integrated CAD/CAM environment, there are two types of interface for neutral 
(mostly geometric) data exchange between CAD and CAM or two different CAD or 
CAM systems, and the interface for communications between a CAM system and a 
CNC machine tool. The former is now available and generally considered sufficient. 
The later, which is effectively the machine control data (NC part program), presents a 
weak link in an essential integrated CAD/CAM environment. Admittedly, it is rooted 
from a long established international standard - ISO 6983. 
 
Due to the efficiency in progressing, precision in machining and easiness in operating, 
CNC machines have been widely used in manufacturing industries all over the world. 
However, a number of problems are found with ISO 6983, for example: 

• The language focuses on programming the path of the cutter centre location 
(CL) with respect to the machine axes, rather than the machining tasks with 
respect to the part 

• It only supports one-way information flow, from design to manufacturing; the 
changes in the shopfloor cannot be directly fed back to the designer. 
Therefore, invaluable experiences on the shop floor can hardly be preserved. 
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• There is limited control of program execution and it is difficult to change the 
program in the workshop.  

• The CAD data are not used directly on the machine, instead, they have to be 
processed by a machine-specific post-processor, only to obtain a set of low-
level, incomplete data that makes verification and simulation difficult, if not 
impossible.  

• ISO 6983 does not support the spline data, which makes it incapable of 
controlling five or more axis milling. 

 
Many data exchange formats have been developed in the past. Their primary purpose 
is to exchange geometric data. The most widely accepted format has been Drawing 
Transfer File (DXF), the Initial Graphics Exchange Standard (IGES) and Product 
Description Exchange for Standard (PDES). 
 
Published in 1994, STEP/ISO 10303 defines the industrial automation systems and 
integration for product data representation and exchange. Unlike its other processors, 
STEP provides a neutral mechanism by specifying a form capable of describing the 
entire product data throughout the life cycle of a product, independent of any 
particular system. Part of STEP renders a data description language “EXPRESS”, 
which is used to describe some of the application protocols (APs). EXPRESS is 
general and similar to an object-oriented programming language. It provides a set of 
basic types that are predefined and available to use in defining higher-level types. 
A graphical form of the language, called EXPRESS-G, was to define the standard. 
The big difference between STEP and other data format is that STEP is designed so 
that virtually all the information pertaining to a product, not just geometric 
information, can be communicated among different users. 
There are three main reasons for implementing STEP:  

• Data Exchange – Exchange product data with consumers and suppliers to 
improve contracting 

• Data sharing – store product data in a standard database for use by external 
and internal supply chains 

• Internet collaboration – product data can be easily accessed via Internet. 
 
STEP-CNC was introduced to an ISO working group in 1997 as a Draft International 
Standard (DIS) called ISO14649 by ISO Technical Committee and process data which 
is generally needed for CNC-programming within all machining technologies. This 
program includes geometric and technological information, information about the 
work piece and for machining technologies.  
 
As a new CNC-programming interface, STEP-CNC supports a bi-directional 
information transfer between CAD/CAM and CNC. Both feature description and the 
model structures in ISO 14649 are harmonized with ISO10303.  
A multitude of benefits of using STEP-CNC have been recognized:  

• Because the tasks are easier to define, significant reduction in CAM planning 
time and data preparation can be achieved. 

• There will be significant reduction in number of drawings sent from CAD to 
CAM, as STEP-CNC data is self-documenting. 

• Machining time for small to medium sized job lots can be reduced because 
intelligent optimisation can be built into the CNC controller. 

 28



LITERATURE REVIEW__________________________________________________________________________ 

• Post-processors will be eliminated because the interface does not require 
machine-specific information. 

• Machine tools are safer and more adaptable because STEP-CNC is 
independent from the machine tool vendor. 

• STEP-CNC provides a complete and structured data model, linked with 
geometric and technological information, so that no information is lost 
between the different stages of the process. 

• Modification on the shop floor can be saved and fed back to the design 
department hence bi-directional information flow from CAD/CAM to CNC is 
achieved.  

• XML files can be used for information transfer hence enable Web based 
manufacturing or e manufacturing. 

 
The fundamental principle of the STEP-CNC Data Models is object-oriented view of 
programming in terms of manufacturing features, instead of direct coding of 
sequences of axis motions and tool functions as per defined in ISO 6983. The objects 
in this case are manufacturing features and their associated process data. The Data 
Model is a layer that provides a standard interface between the controller interpreted 
and the different sourced of data supplied. A comparison of ISO 6983 and ISO 14649 
can be seen in Figure 6. 
 

 
Figure 6.  Comparison of ISO 6983 and ISO 14649.  

 
Over the latest 50 years, conventional programming of the numerical controlled 
(CNC) machine tools has been based on a data model stipulated by ISO 6983. 
Nowadays, consumers are demanding better and cheaper products to be delivered 
faster. To satisfy customer’s needs, manufacturing companies are striving to produce 
products with shorter cycle times and higher quality. The research aims to develop a 
technology that bridges the CAD/CAM gap so that manufacturing companies can 
respond quickly to market opportunities with reduced manufacturing costs and 
improved quality (Samuel H. Huang, Y Kevin Rong and David W Yen). 
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4.3 CAPP, a way to further integration and automation 
CAPP stands for Computer Aided Process Planning and is accordingly to Kenneth 
Crow (www.npd-solutions.com/capp.html) a way to simplify and improve process 
planning and achieve a more effective use of manufacturing resources. He claims that 
the benefits of generic-type CAPP are a 58% reduction in process planning effort, 
10% saving in direct labour, 4% saving in material, 10% saving in scrap, 12% saving 
in tooling and a 6% reduction in work-in-process. 
 
This generic level of CAPP is about having all parts of the CAD – CAM – CNC 
integrated with each other, called Group technology, and having process planning 
decision rules built in. This will allow the system to produce a process plan with 
minimal manual interaction and modification. The system is going to know about all 
the resources, all the machinery and the employees, which ones are available when 
and capable of what. To use CAPP in its most effective manner the system also has to 
be able to make decisions about how to produce a part, when to produce it and with 
which resources. To be able to do all this, the use of artificial intelligence is needed. 
Artificial intelligence will give the system capabilities such as decision making and 
learning (knowledge-based system). Because the system has to work with different 
attributes, which seldom are the same in a dynamic production, the system has to be 
able to learn from earlier jobs and learn by the principle “trial and error”. The system 
should be able to test the plan for a job virtually until the result is the correct result. 
For the artificial intelligence system to work properly there must be a good 
manufacturing resource planning system integrated with the artificial intelligence 
system.  
 
To get this “intelligent” system to work a lot of computer power is needed and a well 
developed system. According to the 32nd Hawaii International on System Sciences 
(1999), there is one system that is advanced enough, the CDPS (Cooperative 
distributed problem solving), that could be the artificial intelligence needed to cope 
the difficult tasks CAPP has to face. CDPS is working by taking one big problem and 
decomposing it into sub problems and distributing those among a network of problem 
solvers. CDPS should be able to solve an increased automation of planning and re-
planning, increased autonomous systems, self-diagnoses and self-debugging. Though, 
there is one problem, the computation of large amount of data. In knowledge-based 
system computation time and amount of data tends to increase rapidly with the size of 
the knowledge base. Today the computer power available in standard companies is 
not powerful enough. Though, when looking back at the development of computer 
power, a pretty certain assumption can be made that in a couple of years there will be 
computers available for the common industrial companies. 

4.4 High Performance Cutting (HPC) and High Speed Cutting 
(HSC) 

High Speed Cutting (HSC) is clearly different in most aspects from High Performance 
Cutting (HPC). As far as many trades men are concerned, HSC is consequently one 
facet of high performance cutting, the other being HPC with regard to the volumes of 
removed material.  
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High Speed Cutting process allows three-dimensional surfaces to be machined. A 
specific parameter is the work piece surface achieved per unit of time (cm2/min) 
during this process. CNC programmes provide the surface coordinates, and the data 
amount to be processed by the machine control is more easily generated by the 
distance of the points and the programmed feed speed. It is therefore a process that is 
predestined for machining complex three-dimensional surfaces at optimised times. 
The tools used are mainly ball nose end mills, end mills and solid carbide torus 
cutters.  
 
In contrast to High Speed Cutting High Performance Cutting mainly works in 2D. The 
cut depth and the cut width allow the relative volume of chipping per unit of time 
(cm3/min) to be calculated along with the feed speed. In this case the process is 
predestined for the removal of large volumes of material, which is typically in a two-
dimensional machining strategy. Primarily cutter heads, large multiblade end mills, 
drills and other tools, which are apt for removing large volumes, are used.  
The preceding definition is primarily directed towards the extreme facets of these 
milling strategies. The limit between them is however not static, it overlaps. Most 
applications are somewhere in between. Depending on the application, the most 
varied demands can be made on a machining process by using different tools.  
 
These two technologies make different demands on the design of a cutting machine. 
In a High Speed Cutting these demands are traverse speed and accelerating and 
switching power and in High Performance Cutting the demand is primarily the 
resulting high machining power, which characterises the machines design. Therefore 
the most important criteria are dynamics, small moved masses and increased 
requirements for the control. Given high cutting power in High Performance Cutting, 
rigidity, robustness and the optimal removal of the resulting large quantities of 
chippings are the determining factors.  
 
As understood from the description of different technology it is not easy to find a 
machine that can compromise to both technics. One has to decide which technic and 
purpose that have to be to ground for decision. (HSMtoday, Mikron AG Nidau, Issue 
13, May 2004) 
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5 Marketing research 
A market research in the areas of CAD and CAM softwares and systems and 
hardware for CNC machining has been conducted. The research was to identify 
features and prices for both software and hardware.  

5.1 Software 
On the CAD and CAM market there are plenty of different brands and solutions. 
There has been a lot of merges between the systems through the years and updates 
come often, which makes it hard to know what system to choose. This market 
research though, has been helpful identifying some features and applications for the 
software.  
 
There are some well-known and well-developed software that are used worldwide; 
Catia, Pro-engineer, Unigraphics, Solid Works and Inventor (which AE&T uses 
today). Some of these have machining features to establish CAM, but there is two 
third party machining software being investigated here too, EdgeCam and DelCam 
system.  
 
The results from the market research showed that all chosen software all filled up the 
requirements. They all have CAD and CAM applications and can make them more 
efficient. But it is hard to compare them to each other and come to a conclusion which 
one is the best. They all have good standards to make AE&T more attractive on the 
market, therefore it is more about politics and price which one to chose. The 
requirements and results from the market research can be found in 

. 
Appendix 12, 

software summary

5.2 Hardware 
Due to the limited amount of time of this project and that market research is very time 
demanding when doing it thoroughly, the market research for hardware was not 
made as thought from the beginning. It had to be more an overview and just get the 
idea for prices for the type of machines of interest and not investigate all pro and cons, 
special effects and capacities.  
 
Investment in new machinery is necessary. AE&T is known to handle big tooling 
jobs. The CNC machines they have today are big, CNC mill bedding for 3.0×2.0m 
(big), 1.2×2.0 (medium) and lathe with a diameter of 600 mm and a length of 
1200mm. They also have the Micron, too small to be considered big enough for big 
jobs, but good in surface finishing for smaller parts. Therefore, prices for machines 
that substitute these and improve the capacity for big jobs and runs faster have been of 
interest. The aim with the new machines is to increase in productivity and decrease in 
set-up time, running time and costs. With a three or five axis machine the set up time 
will decrease and with a high-speed machine the time for surface finishing will 
decrease. The main aim with machine investments is to have as long machine run time 
as possible unmanned.  
 
To substitute the current machines we have looked for similar machines with higher 
capacity within the same sizes as the current. The prices are; for the big machine 
$2000000, the medium sized $1000000 and for micron $250000. 

 32



MARKETING RESEARCH_______________________________________________________________________ 

 
Instead of buying machines a recommendation for AE&T is, after our short research 
overview, to further investigate the possibilities to lease machines. This is according 
to Trident tooling an economical benefit with taxes and a possibility to be able to be 
on the edge with new technology and machines and often updates in machinery.  
 
It is also important knowing in which kind of machine to invest in. High Speed 
Cutting (HSC) or High Performance Cutting (HPC). The limit between them overlaps 
and the different machining strategies can in a broad way be combined with usage of 
different tools.
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6 Benchmarking 
The benchmarking is done by visiting companies and sending out a questionnaire. The 
company visits is meant to give a more thorough picture of what solutions other 
companies have, whilst the questionnaire is based on standard questions to get a 
generic picture from companies with different conditions. 

6.1 Company visits 
To get some input on how other companies in the same branch are organized and 
managed, benchmarking visits were conducted in October and November 2004 at 
toolmaking companies in the area of Adelaide.  
 
Three different visits were made; NTS Tooling Solutions Pty Ltd on the October 5th, 
Alfon Industries Pty Ltd on the October 13th and Trident Tooling on the November 
10th. All three are toolmakers, though in different areas. NTS Tooling Solution Pty 
Ltd manufactures tools for plastic moulding, Alfon Industries Pty Ltd in casting and 
moulding and Trident Tooling for injection moulding. Even though the areas do 
differs, the procedures with CAD/CAM and CNC are almost the same, with 
differences regarding some procedures. 
 
Information and planning are two main issues within manufacturing. Both NTS 
Tooling Solution Pty Ltd and Trident Tooling have very developed data systems 
where they keep all information in digital form. The information is easy to find and 
public through the companies. Some security levels are made so that the personnel 
only have access to information they need to perform their tasks. In the system the job 
planning and costs are easy to find and update. Such system has a high developing 
cost. NTS did it them self within the company, with a data based software and Trident 
had Microsoft to do it for them. To develop and educate all personnel in the system is 
a highly cost investment but the time and efficiency to gain when it is in use is 
remarkable. 
 
All the three companies had the operators on the shop floor to do the CAM. The 
operators were trained at the companies for a short time and then they mastered the 
programs and CAM tasks with good results. The way the operators were organised in 
teams and responsibilities differed. But a conclusion can be that where the 
information is more public and where there is good structure in planning, the 
operators can take more responsibility and active role in the company. 
 
To stay competitive on the market companies have to update their technologies and 
machines as the technics and requests from customers develop. Therefore it is 
important to have a machine park that is up to date. The solution Trident is using is to 
leas some equipment. This makes it possible for them to have the latest on the market 
in some machinery without having to come up with large amount of money each time. 
It was also a tax beneficial to lease then to buy from the beginning.  
 
A more detailed description of the visits is found in . Appendix 9, Benchmarking
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6.2 Questionnaire 
Since different companies with different conditions have answered the same 
questions, some conclusion of what is most common is possible to make. To see the 
whole table of answers, see . Appendix 6, compilation of qustionnaire
 
The questionnaire shows: 

1. Small companies (0-100): 
a. Have no mutual software solution. 
b. Half of them are using the operators to do the CAM and the other half 

is having a designated CAM-designer. 
c. The majority is using a manager to inform the operators. 

2. The medium-size companies (100-500): 
a. Uni-graphics and Pro Engineer are the most common CAD-software. 
b. Master CAM and Power Mill are the most common CAM-software. 
c. The majority is using a designated CAM-designer. 
d. Via a planning system is in majority. 

3. The large companies (501 +) are too few to be able to draw some conclusions. 
4. The European companies tend towards using information systems instead of 

having a manager, supervisor or team leader telling the operators what to do. 
5. The Asian companies tend towards using managers, supervisors or team 

leaders to inform the operators, a more “manual” way then the European 
companies. 

 
This shows that there is no specific trend that tells us which software to use or that 
AE&T should be in a situation where they are using a worse choice than its 
competitors. In other words, they can continue to use what they are using and still be 
equal to the competitors. 
 
A big majority of the competitors are using a planning system that gives the 
information to the operators. Since this is shown to be an efficient pipeline for 
information (see  6.1 Company visits) it must be a good thing for AE&T to invest in. 
 
AE&T seems to have one area to develop and gain some efficiency compared to the 
competitors, the way the CAD-design is being made. Since it seems like the most 
common way is to let a specific designer to do the CAM, perhaps AE&T could be 
more efficient by integrating the CAM-design into the work of the CNC-operators. 
 
Since the situation for AE&T is more alike the situation for an European company 
than an Asian company in the way that the workforce is more expensive in Australia 
than in Asia, automation is preferable. Therefore is an information system that allows 
the CNC-operators to gather information “automatically” without having to be 
informed by a person very important. This is needed to get the production more 
effective, so it will be more competitive compared with the production in Asia. 
 
Though, regarding the software, the situation is the same in Europe and Asia. 
Therefore, the same conclusion as mentioned earlier, should AE&T do just fine with 
the software they are using right now. 
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7 The future situation 
This chapter contains a short description and analysis for the future for AE&T and 
tooling industry.  

7.1 Description 
The future for AE&T is at the moment very insecure. The company has been out for 
sale during the fall 2004, but since there were no interest of buying it, Electrolux 
decided to keep AE&T in business. A group has been set up to see AE&T’s strengths 
and weaknesses and see how to make AE&T a competitive actor on the market to 
count on in the future. But there are also changes in the toolmaking industry as a 
whole and not only Electrolux AE&T plant in specific. AE&T will, as it is at the 
moment, continue to financially be under Electrolux with the internal and external 
costs. But if AE&T will be competitive on the market they have to get more free 
hands to make the investments needed to be a company in development and in front 
edge of technology of the branch.  
 
Australia has for a long time been strong and a world competitive partner for tooling 
industry. But time changes and so does also the industry market. The world market for 
tooling industry has in the last years changed a lot. Asia has come up as a cheap place 
to make tools, especially China. Over the years China had the reputation to make tools 
cheap but not capable to make them with good quality, so therefore it was not really 
worth the effort doing business in China before. But now they can make tools cheap, 
and with good quality. But still, this is only true with smaller tools. They now have 
the competence and quality with small jobs, but in a near future they will most likely 
be able to make big and complex tools with good quality and result. 
 
The biggest difference in price is the staff. Holding staff in China is very cheap. 
Therefore they do not have to invest in expensive automated machines; instead they 
can use manual labour force and keep the manufacturing cost on a low level. Though, 
along the way the chines industry has begun to invest in automated machines and 
competence too, and not just keep a large labour force. The infrastructure has been, 
and is still, in short. The same problem is in India. 
 
In the area of CAD and CAM software a lot of things happen all the time. 
Development of existing software and new versions are constantly actualized. More 
features, applications and approaches are added. All is developing as computer 
hardware getting better and cheaper. 
 
The new solutions can be more automatically then earlier. Self-autonomous systems 
are developing and include more then just CAD and CAM. They can include 
production planning, decision-making, information and cost systems as well as 
engineering calculations and applications to achieve good CAD and CAM part 
information.  
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7.2 Analysis 
Due to the future situation described above, Australian tooling industry and AE&T 
need to be able to cut costs and keep the costs low, and at the same time invest in 
machines that will make manufacturing cheaper in the long run and keep up the 
competence and quality. Also take advantage of their infrastructure reliability with 
suppliers and customers and hold time schedules for customer and their products. 
Finding and developing good systems to get the business going smother and faster are 
also of importance.  
 
Either way AE&T remains in the Electrolux concern or not, AE&T must become a 
profit centre. To have the goal to break even is not challenging or developing. To 
build up an economical buffer and to continuously be able to do investments and 
progress in development is of vital importance. 
 
If Electrolux is selling AE&T, the economical situation will change drastically. 
AE&T will no longer only have to break even, they will have to make a profit. It will 
also be easier for AE&T to control their own situation when they do not have to do 
what Electrolux is telling them to. They will be able to develop in a way that is good 
for AE&T, a way that will help them to get a better position on the world market and 
make more profit. One thing that is quite crucial is to be able to set their own prices 
and to be able to adjust them after their tactics. This can also be reality within the 
Electrolux concern if the investments are let free and can exceed $AU 200000 limit 
that is today. If the sell-out becomes reality the customers will change as well. There 
will be no guaranty that Electrolux will continue to use AE&Ts services. Therefore it 
is of big importance for AE&T to employ salesmen who can maintain and renew 
customer contacts.    
 
Some future aspects from the manufacturing manager at NTS-tooling is that the CAD 
program packages used to be about 5 years a head of the manufacturing program and 
technics but the last years the manufacturing has taken in. The manufactures have 
become more specified and specialists in different fields and do what they do best. 
Therefore manufacturing now puts pressure on the CAD program makers. There are 
packages coming out that are more machine strategists, parametric and 3D, but they 
are not good or safe enough at the moment. But in a few up to 5 years, after more 
development they might be safe enough and can handle the difficulties and 
complexity with both CAD and CAM and do the CAM part automatically from the 
CAD or simular. 
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8 Alternative solutions 

8.1 Organization and change 
The CAM designer is, as mentioned in  3.2 , only a superfluous instance when 
considering the flow of information. It must be better to have the information going 
directly from the manager to the operators, without any middlemen, and using a 
computerised system to distribute the information. One solution is to let the operators 
do the CAM-part. The benefits will not only be a less time consuming information 
process, due to fewer discussions and fewer levels, but also motivating the operators 
more by giving them a more demanding and varied job with more responsibility. A 
high-motivated operator is more anxious to take responsibility and work hard, fast and 
thoroughly (Bruzelius, 1995, and Bang, 1999). These higher skilled operators with 
more extensive tasks will make the organization more flexible. From a manufacturing 
point of view a more competent operator, with authorization to think and act 
independently and with a more comprehensive understanding, will be able to adept 
and grasp the higher needs, and understand what has to be done in certain situations 
without interference by managers and team leaders (Bruzelius, 1995). They will be 
able to solve problems independently and always strive to achieve the highest 
efficiency and never let a machine be out of work. To make this work the 
management must give the operators the right training, both in a technical and an 
organizational sense, together with achievable goals and enough space to handle the 
demands. The operators also have to know why they are important, how they are 
contributing to make the company better and more profitable. This is done by having 
everyone knowing and understanding the company goals and having a mutual trust 
between operators and management, which will make everyone work in the same 
direction. 

Analysis

 
An organization is very delicate when it comes to changes, which makes it very 
important to avoid all obstacles on the way. To AE&T, this is of great importance due 
to their difficult situation. An organizational change should be as described (Björk, 
1990, and Ullmark, 1996): 

• Everyone, the management and the employees, has to actively be participating 
in the change. Therefore is a democratic change management important. 

• All participants have to understand everything about the change; why, when 
and how. It is important to have everyone working in the same direction 
towards the same goals and visions. 

• Be thorough and take the time. It is better having a result that is working then 
having a less good result in a shorter time. 

• Make sure having result presented to all participants. 
• The management has to have the knowledge to prevent all the obstacles.  

8.2 Concept 
The suggested solution is based on a two step concept. The first step is basic changes 
to quickly make AE&T more productive. The second step builds on the first step, with 
further need of funding and with a more futuristic approach. The second step is taking 
the automation further by using different computerized systems. It will be the next big 
and important step the CAD/CAM/CNC-area has to take in its long history. 
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8.2.1 Step one 
The most important thing to improve at AE&T is the way they managing information 
and scheduling. This should be done by having a user friendly computerized system, 
with public and divided information sections. The system should be the place where 
all the information about jobs and resources (machines and staff) can be found and 
where the project leaders make the scheduling, with help from the system. The system 
should also contain quotes and have links between technology files and 
administrational. The system has to be updated on daily basis or whenever a task is 
done or new information is added to the job. It should be partly public to customers, 
they should be able to see updated information and the schedule for their job and 
where in the process the job is. The system should also provide every operator and 
every other person working at AE&T, with all information needed; what to do and 
when it should be done. The staff then have the responsibility to do their tasks in time, 
with good quality and update the system with new information from there perspective. 
If anything is delayed or do not go as planned, the system have to send out a message 
to concerned persons. 
 
This system should make it manageable not having team leaders. The information and 
management should be provided by the system, see Figure 7. The same thing goes for 
the manufacturing manager, though, he will not cease to exist, but he will get a 
different roll, to act as a head project leader and supporter. This will give the 
manufacturing manager more time to solve efficiency issues and other areas in need 
of improvements. The team leaders have to become an ordinary operator, perhaps 
with a special responsibility, though, so they do not get a lack of motivation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. This figure is showing the central function of the system. All information is gathered 
and stored in the system; where it is compared, summoned and presented in a user-friendly way. 

The System 

Management 

Salesmen 

Customers 

Designers 

Operators 

CNC-operators

 
To have training and skills to be more computer literate, as we see it, increases the 
status as a toolmaker and can be an important improvement to interest younger 
persons get into tool making profession, which is known as a “traditional profession”.  
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The designers should, besides there function as designers, be project leaders. This 
would minimize the number of people involved in each job and at the same time give 
the designers the general view they need. Their tasks would be to plan and manage 
different jobs throughout the process; from making quotes, planning the process, 
doing the designs to releasing the project. The system should be a good help with easy 
overview of resources and availability, which will make it possible for the designers 
to do the designs and having a project leaders responsibility. Though, more designers 
are needed due to the estimated increase in number of jobs, see 

 for further detail.  
Appendix 11, Capital 

investment appraisal

Appendix 11, 
Capital investment appraisal

Appendix 11, Capital 
investment appraisal

 
To be able to get more jobs, there has to be someone with the responsibility to attract 
costumers. In this case at least two salesmen have to be employed, due to the amount 
of extra working hours generated, which is presented in more detail in 

. AE&T have to try and fill three eight hour shifts per day 
to be more competitive on the world market. This makes it important to also employ 
more operators. 

8.2.1.1 Software 
It should not be necessary, at this moment, to buy new software. The software AE&T 
has today for CAD and CAM is good enough and commonly used worldwide. Our 
recommendation is, though, to have all the drawings in 3D because it is easier to scale 
down to 2D afterwards if needed then to scale up to 3D. The old drawings in 2D 
should be redone in 3D if they become needed in feature.  
 
Some big industries demanding their first contractor to use special software, for 
example Holden has Unigraphics, Mitsubishi has CATIA, Ford has CATIA and I-
DEAS and most of the airplane industry use CATIA. So, if (and the goal is to) AE&T 
does become a first contractor to any of these, they have to buy at least one site or two 
to be able to take the job as a contractor. If they do get the job, the job will probably 
be so big and lucrative that the extra software and training cost will easily be covered 
by the payment.  

8.2.1.2 Hardware 
Due to the importance to become more competitive on the world market, it is essential 
to buy new CNC-machines as soon as possibly. They have to replace the old ones and 
the amounts of machines have to increase. From the four CNC-machines they have to 
day, only the Mikron should stay within AE&T. This will make AE&T more efficient, 
the capability will increase and it will save time and money. To get the most out of the 
CNC-machines, they have to run 24 hours per day, which require three shifts. At the 
same time more of the manual work has to be done with CNC-machines. To keep up 
with the competitors the CNC-machines have to be updated every fourth year. 
 
For a detailed description of the suggested solutions, see 

. 

8.2.2 Step two 
As mentioned before step two is based on step one. The difference is the integration 
of two new computerized systems, a learning system and a decision support system. 
These two systems, as described in  4.3 
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CAPP, a way to further integration and automation, should together with the system 
from step one be the base of the production at AE&T. This combined system should 
do all work from the beginning, with the quotes, to the end, when the job is delivered 
to the costumer, though, with the supervision from operators and designers. The 
system should only come up with suggestions, which have to be approved from one of 
the employees. When it is approved, the system can have a go-ahead signal, and the 
manufacturing process can proceed, planned and carried through by the system. 
 
Due to this “intelligent” and supportive system, AE&T should be able to buy new 
CNC-machines and become more productive, which is shown in 

 and , without having to employ more operators and 
designers. Though, one more salesman is needed, due to the extra demand for 
customers. 

Appendix 11, Capital 
investment appraisal

Appendix 11, 
Capital investment appraisal

Table 3

Table 3

 
To become more optimized and more compatible, and be able to run the new systems, 
new computers and software are needed. This can also be seen in 

 and . 
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9 Evaluation of solutions 
It is difficult to estimate the repayment from organizational changes. Everything 
depends on the motivation and the willingness of the employees to work in the best 
interest of the company. Though, there are some figures that are easily accountable 
for; the increase of working time due to more effective machinery (the medium sized 
CNC machine 1,6 times faster and the large one 3 times), more machinery and more 
shifts. Then, effort has been made to estimate the profit from the other more diffuse 
changes. The organization is estimated to be 30% more effective regarding the CNC-
CAD-CAM area and 20% more effective regarding the manual working area after 
step 1. After step 2 the organization will improve another 55%. A detailed description 
of how things have been estimated and calculated can be seen in 

. 
Appendix 11, Capital 

investment appraisal
 
The capital investment appraisal presents an investment repaid during year two, with 
an annual profit around $13 million, when all the investment are realized, and with a 
total profit, after ten years, of $88 million. According to the quotient of capital value, 
2.6, this solution is profitable suggestion. An investment is profitable above 1. The 
demand from Electrolux on investments is to have a pay-back period of 2 years, 
which this solution also manages. Besides the money, the new organization will 
generate a better place for the employees to work at.  
 
One very important element in the calculations is the number of jobs. Due to the 
increase of working hours, it will be essential to get more jobs to fill these hours. The 
capital investment appraisal is based on full capacity, while the reality probably will 
be lower. Two figures, 10 and 11, show how profitable this solution is with different 
amount of working hours. The Electrolux pay-back limit can be achieved by having 
an 80% capacity of total available working time, when looking at the limit of 
profitability, 50% will be enough. To remember is that these figures is based on a 
20% buffer, which means that the actual amount of working hours needed to handle 
the demands from Electrolux are 64% and 40% to be profitable according to the 
quotient of capital value. 
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Figure 8.  This figure shows when the solution is becoming profitable. The vertical line represents 
the demand Electrolux has on investments; it has to become profitable within two years.  This 
shows that AE&T could handle that demand with 90% of costumer or higher. 
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Figure 9. This figure shows when an investment becomes profitable. It has to have a capital value 
above 1%.  
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10 Discussion 
This chapter contains our thoughts and reflections about the project. The discussion 
will be about both problems and positive encounters during the project. 
 
To be in Australia and perform a project like this is a great experience and challenge. 
It gives an opportunity to learn a new culture, improve language skills and get a 
feeling of a different working climate (even though Electrolux is a Swedish 
company), like work ethics and work environment. To write in English instead of in 
the native language, Swedish, have sometimes been more difficult regarding finding 
words and formulate useful sentences, which have resulted in a more time consuming 
work.  
 
Working at Electrolux AE&T has, over all, been a good experience. It has been hard 
though, due to the scheduled sell out of AE&T during the fall 2004. To be for sale 
was frustrating for the operators and staff at AE&T. Not knowing whether having a 
job or not after Christmas was stressful, generating a negative atmosphere at the plant 
and making the work environment hard to be in. Due to this situation, gathering 
information needed for the project and to make useful assumptions based on a current 
situation not represented by a normal environment have been hard. Though, when 
looking back at everything, it has been an experience to use for future work and 
positions. This has been possible due to the opportunity to be at the plant without 
really being a part of it and not having to personally suffer for the possible effects.  
 
Methods used during this project have been good, useful and helpful. Using the 
project spiral allows you to do loops through the steps and see the situation a little bit 
different as knowledge, experience and ideas develop during the work progress.  
Benchmarking visits have been very interesting and helpful. They have contributed 
with information and ideas regarding areas, such the tooling industry and 
CAD/CAM/CNC, where we did not have enough knowledge and experience. 
 
The biggest problem with this project was the abnormal current situation at AE&T. It 
made it very difficult to investigate the current situation and get the information 
needed to build correct assumptions, estimations, calculations and solutions on. 
 
The situation for tooling industry in general is at the moment a struggle for many 
companies and AE&T especially. Belonging to Electrolux but not being a profit 
centre is a difficult situation. It locks AE&T in the bad current situation and they 
cannot act for themself and make the investments needed to survive. Electrolux does 
not consider AE&Ts business as core business and therefore nothing to invest in. But 
as long as AE&T does belong to Electrolux, investments should be done and at least 
all work within Electrolux concern in Australia, containing new tooling or support and 
maintenance, should be given to AE&T. 
 
Due to the situation at AE&T, the solutions for this project turned out to be very 
theoretical. We have calculated on the reliability and pay-of period, but with figures 
that may not be realistic. Though, it was the only possibly way to have some figures 
to calculate with. To compensate and not make this solution a wonder, assumptions 
have deliberately been hold back. Another thing giving it a theoretical approach is the 
second step. It sounds manageable in theory, but how difficult it will be to accomplish 
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is hard to say and probably a gamble. If the management would feel it to be to risky, 
they could settle with only the first step. The final result will not be as good, though it 
will take the company one important step in the right direction. 
 
One problem area of great importance at AE&T is to solve the low level of motivation 
among the operators. The low motivation is mostly due to the frustration over the sell 
out and not knowing what will happen. Another issue is the lack of stimuli in 
operations the operators are allowed to do. Just supervise and set-up of the CNC-
machines is not enough. They need more tasks and responsibility to feel needed. They 
also need more power and impact to make their own decisions. To let the operators do 
the CAM instead of having a designated CAM programmer is a solution to give them 
more variation in tasks. They will get the training needed to perform the new tasks 
and that will give them better skills, higher status as CNC-operators. The fact that 
they will use more computers and knowledge in new tasks can lift the whole branch of 
toolmakers a little as it, at the moment is known to be very “traditional and manual” 
and low in computer literate. The fact that the operators will get the information from 
the system and not having the supervising team-leaders will also give the operators 
more responsibility. The new organization will have many benefits, even economics. 
It is important to know that changes and improvements in organization often leads to 
improvements throughout the process and spreads like rings on water in 
improvements and profit making outcomes.  
  
The, in the first step, suggested system, with information and planning, can be solved 
in different ways. Either AE&T go out and develop one to fit their own individual 
needs, or they buy one already existing; for example the ones at NTS tooling or 
Trident. Further work and investigations have to be made before investing in such a 
system. Important aspects for the system are the support, training and the possibility 
to upgrade it into future needs. The systems in step two will be far more difficult to 
implement into AE&T. The reason is the lack of companies, with the same kind of 
work as AE&T, using these technologically advanced systems, together with the great 
complexity of work AE&T are dealing with. This is putting AE&T into a lot of effort 
with research and development. To manage, they probably will have to find a 
software company willing to put up with some of the development cost. In the end 
AE&T will have a manufacturing situation no other company have. 
 
To have a plan and strategy for investments for the machine park is of great 
importance as well. We have calculated with a plan of new investment every fourth 
year, this to be on the edge of new technology and develop and meet new 
requirements and needs from customers.  One thing to investigate further is the 
possibility to lease the machines instead of buying them. We know it is possible, but 
due to time limit in this project we did not have time to look it up in more detail. But 
as we were told at one of the benchmarking visits it can also be a tax benefit to lease 
instead of buying. 
 
 
 
 
 
 
 

 45



CONCLUSIONS________________________________________________________________________________ 

11 Conclusions 
For AE&T to be a competitive actor on the world market of tooling industry 
investments have to be done, within the Electrolux concern or not. For a starter an 
information and planning system is needed. Such a system is together with a well 
working organization fundamental in modern manufacturing environment and 
process. It is also essential with new technology, as computers, CNC-machines and 
software. 
 
To make the solutions reality, this is needed:  
Step one: 

 System; Information and planning 
 New organization 

o Operators do the CAM 
o One more shift 
o Designers becomes project leaders 
o Team leaders disappear 
o Employ two salesmen 
o Employ designers 

→ More motivated staff and flexible organization 
 Invest in five new CNC-machines (in total six CNC-machines and renew them 

every fourth year) 
 Invest in new computer hardware and software licenses  
 Investments in training and support  

 
Step two: 

 System; self learning and decision making 
 Employ one salesman 
 Invest in three new CNC-machines (in total nine CNC-machines and renew 

them every fourth year) 
 Investments in training and support  

 
These investments will after ten years lead to a total cost of $AU 28millions. The pay-
off time is two and a half years and after ten years the profit will be $AU 88 millions. 
The organizational change will contribute with a 30% production increase after step 1 
and another 55% after step 2. The increase of CNC-machines, the higher utilization 
and the increased efficiency will cover the rest of the extra profit. Due to a buffer of 
20% and with estimations deliberately appraised to be less good, the result can cope 
with errors from calculations and from during realization. 
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Appendix 

Appendix 1, Organization chart 
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Figure 10. This figure views the organization chart of AE&T. 
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Appendix 2, Quote & Design Process map 
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AMENDMENT 

 
 ORDER LOW RISK MATERIALS 

(if, required on PORVS) 
 
 
 • Design Engineer or 

Project Engineer signs 
off drawing & Design 

CUSTOMER FINAL REVIEW & SIGN 
OFF 

 
 
 STAMP & DATE DRAWINGS AS 

“OK” TO PROCEED 
 
 
 CHECK AVAILABLE MATERIALS IN 

STOCK SEND DATA 
TO 

PRODUCTION 
 

ORDER MATERIALS  
CONDUCT HANDOVER 

BRIEFING 

JOB TO OUTSIDE VENDOR 

A 
3-20 
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Appendix 3, Production process map 
 

 iii

 A 
3-10 

 
 PRODUCTION MEETING TO DISCUSS 

CURRENT / PENDING JOBS 
 
 
 JOB RECEIVED IN PRODUCTION Stamp ‘OK’ to Release to Shop 

Floor.  
 
 JOB ALLOCATED TO TEAM 

LEADERS 
 
 JOB BRIEFING 
 
 
 

MATERIALS RECEIVED  
 
 
 INSPECT MATERIALS AS PER 

CARTNOTE / DELIVERY DOCKET
CONTACT PROJECT OR DESIGN 

ENGINEER & RESOLVE PROBLEM 
 
 
 NOACCEPTABLE?   RAISE NCR 
 
 
 
  MANUFACTURE JOB  
 
 
 JOB TO SUBCONTRACTORS 

 
 
 

ASSEMBLE JOB / CONDUCT 
INSPECTIONS

 
 
 
 CONDUCT FINAL INSPECTION 
 
 
 
 
 ACCEPTABLE? 
 
 NO
 
 
 MAKE AMENDMENT/S OR REWORK 

JOB 
YES

 
 

  

PREPARE FOR CUSTOMER 
DELIVERY

B 
3-30
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Appendix 4, Final inspection & delivery process map 

 iv

 All documents are retained in the Traveller throughout the process, except for F8 and F10.
 B 

3-20  
 
 
 

YES  
 
 

IS JOB TO BE 
COMMISSIONED? 

PREPARE COMMISSIONING / 
INSTALLATION AND SAFETY BUY OFF  

 MODIFY / AMEND 
 

NO COMPLETE INSTALLATION    
 
 
 
 
 
 

RAISE CARTNOTE AND ARRANGE FOR 
DELIVERY 

(pack product as per the size and type or as per the 
customer’s requirements)

NO RAISE NCR ACCEPTABLE? 

   YES
 
 
 
  TRAVELLER RETURNED TO PROJECT OR 

DESIGN ENGINEER  
 
 
 

LIAISE WITH CUSTOMER FOR REVIEW OF 
CUSTOMER SATISFACTION 

 
 
 
 
 

CLOSE OUT JOB & OUTSTRIP TRAVELLER 
READY FOR ARCHIVING 

 
 
 
 
 

RAISE INVOICE & FORWARD TO 
CUSTOMER 

 
 
 
 
 
 UPDATE CUSTOMER SATISFACTION 

SURVEY SPREADSHEET  
 
 
 
 
  PREPARE MONTHLY CUST. SAT., NCR, IR 

SUMMARY REPORTS  
 
 
 
 

MANAGEMENT TEAM REVIEW 
REPORTS & DISCUSS AT NEXT 

PRODUCTION MEETING 
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Appendix 5, Questionnaire 
 
Questionnaire 
This questionnaire is part of a master thesis project for two Swedish students, Daniel 
Vallin and Emma Bodemyr, in cooperation with AE&T, Electrolux, in Adelaide, 
Australia. 
 
The project is about the efficiency between the CAD and CAM processes and CNC-
machinery at AE&T. The issue is what AE&T shall do to make this process more 
efficient. What systems/technology do AE&T have to invest in and how can they use 
this new technology together with their old technology in the most efficient way? 
 
To get some ideas on solutions and useful information, we would like to ask you a 
few questions. We would really appreciate you taking the time answering our 
questions and then sending the information back to us. It will take approximately 15 
minutes to finish the questionnaire. 
 
Please, answer the questions either by ticking the square boxes, choosing from the 
drop-down form or with your own words writing in the rectangular boxes, all 
depending on the question. 
 
After answered all questions, please save the document and send it back to us, either 
on Daniel.wallin@electrolux.com.au or Emma.bodemyr@electrolux.com.au.  
 
The questions begin on the next page. 
 
Please do not hesitate to contact us if you require any additional information. Our 
contact information is: 
 
Name:   Daniel Vallin    Emma Bodemyr 
Mobile:   +61 403 263559    +61 403 263522 
Office:  +61 8 840 11856    +61 8 840 11856 
E-mail:  Daniel.wallin@electrolux.com.au  Emma.bodemyr@electrolux.com.au  

 v

mailto:Daniel.wallin@electrolux.com.au
mailto:Emma.bodemyr@electrolux.com.au
mailto:Daniel.wallin@electrolux.com.au
mailto:Emma.bodemyr@electrolux.com.au
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The questions 
 
To get the drop-down form to drop down, click in the grey rectangle. 
Try not to press enter whilst writing in a box. 
 
 
1) What is your company name? Write the name in the grey box. 

 
      
 
 

2) How do you describe your business? Tick the boxes that agree with you.  
 

 Press Metal Tooling Manufacturer 
 

 Injection Mould Manufacturer 
 

 Special Purpose Equipment Manufacturer 
 

 Production Environment 
 

 Other 
 
 

3) What is your main geographical area? Please choose one option from the drop-down 
form. 
 
America 
Asia 
Australia 
Europe 
 
 

4) How many employees do your company have? Please choose one option from the drop-
down form. 
 
0-50 
51-100 
101-500 
500-1000 
1000-- 
 
 

5) What type of CAD software do you use? Please write the name/names in the grey box. 
 
      
 
 

6) What type of CAM software do you use? Please write the name/names in the grey box. 
 
      
 
 

7) Who in your company uses the CAD? Please choose one option from the drop-down 
form. 
 
A specific designer 
The costumer 
Any one else... 

 vi
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If any other person uses CAD, Please specify by writing your answer in the grey box. 
 
      
 
 

8) Who does the CAM? Choose one option from the drop-down form. 
 
The operators on the shop floor 
The same who does the CAD 
A third person, a designated CAM-designer 
Any one else... 
 
If any other person uses CAD, Please specify by writing your answer in the grey box. 
 
      
 
 

9) How is the CAM process established? Please choose one option from the drop-down 
form. 
 
Directly on the CNC-machine 
On a PC, connected to a specific CNC-machine 
On a general PC, connected to every CNC-machines 
Another way... 
 
If “Another way…” was chosen, please specify how? Please write the answer in the grey 
box. 
 
      
 
 

10) How are the NC machine operators on the shop floor informed of what they are supposed 
to do? Please choose one option from the drop-down form. 
 
Via a supervisor 
Via their team leader 
Via a planing system, which they look up themselves 
 
If “Via a team leader” was chosen, how does he/she get the information? Please write the 
answer in the grey box. 
 
      
 
 

11) Other, remaining issues, issues you would like to inform us about regarding this topic, 
please write them down here. 
 
      

 
 
 
 

 
 
 

 vii
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Appendix 6, compilation of qustionnaire 
 Busin

ess 
name 

Busin
ess 

Area Employ
ees 

CAD CAM CAD-
designer

CAM-
designer 

CAM-
process 

Information 
to 

operators 

Moreover 

14 Ledfor
d 

Engine
ering 
Co., 
Inc. 

Press 
Metal 
Toolin

g 
Manuf
acture

r, 
Other 

Ameri
ca 

0-50 Cad 
Key, 
Solid 

Works 

MasterC
am 

A specific 
designer 

A third 
person, a 

designated 
CAM-

designer 

On a 
general PC, 
connected 
to every 
CNC-

machines. 
Programs 
saved to 

network and 
downloaded 

at CNC 
machines/wi

re edm 
machines 

Via a 
supervisor 

 

23 CHAN
G 

SHIN 
MOLD 
CO., 
LTD. 

Injecti
on 

Mould 
Manuf
acture

r 

Asia 0-50 AUTOC
AD LT 
2000 

POWER 
SHAPE 

& 
POWER 

MILL 

A specific 
designer 

A third 
person, a 

designated 
CAM-

designer 

On a PC, 
connected 

to a specific 
CNC-

machine 

Via a 
supervisor 

 

3 As 
Sumar 

Injecti
on 

Mould 
Manuf
acture

r 

Europ
e 

0-50 Unigrap
hics 

Master 
CAM 

A specific 
designer 

A third 
person, a 

designated 
CAM-

designer 

On a PC, 
connected 

to a specific 
CNC-

machine 

Via a 
supervisor 

 

11 Alasta
mpi 

Press 
Metal 
Toolin

g 
Manuf
acture

r 

Europ
e 

0-50 Solid 
Design

er / 
Tebis 

Tebis A specific 
designer 

The 
operators 

on the shop 
floor 

On a 
general PC, 
connected 
to every 
CNC-

machines 

Via a 
supervisor, 
From the 

Production 
Plan 

 

13 Frigeri 
S.r.l. 

Press 
Metal 
Toolin

g 
Manuf
acture

r 

Europ
e 

0-50 Think 
Design 
rel. 9.x 
(contin
uous 

upgrad
e) 

Auto 
CAM 

Process
or rel. 

7.x 
(continu

ous 
upgrade

) 

A specific 
designer 

The 
operators 

on the shop 
floor 

On a PC, 
connected 

to a specific 
CNC-

machine 

Via a 
planingsyste

m, which 
they look up 
themselves 

Frigeri is currently 
involved in a highly 

innovative 
research and 
development 

project named 
C.A.P.P. 

(Computer Aided 
Process Planning) 

finalized to the 
implementation of 
a C.A.P.P. variant 
system in our firm. 
Briefly, C.A.P.P. 
software, in the 

variant approach, 
have the ability, 
once you have 
assigned the 

incoming new part 
to launch in 

production (e.g. 
part A) to an 

existing family 
(e.g. family 1), to 

automatically 
generate a new 

and detailed 
process plan for 
part A, even to a 

complete part 
program, by 

retrieving and 
modifying the 
standard plan 
associated to 

 viii
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family 1. The 
C.A.P.P. approach 

seems to us a 
useful and 

effective way to 
fully integrate the 
CAD and CAM 

processes and to 
avoid or reduce 

production noises 
in the CAM area. 
More info at your 

request. 
21 Tool 

craft 
Produc
ts,Inc. 

Press 
Metal 
Toolin

g 
Manuf
acture

r 

Ameri
ca 

051-100 AutoCA
D (2D) 

~ 
Unigrap

hics 
(3D) ~ 
Solid 
Edge 

Unigrap
hics 
(3D) 

Any one 
else...Ou
r Entire 

Staff 

A third 
person, a 

designated 
CAM-

designer. 
Both, a 

designated 
Programme

r plus 
Machinist & 
Die Makers 

on the 
Floor. 

Another 
way...All (3) 
methods ~ 
ultimately 
with 3D 

design, etc., 
it will all be 
downloaded 

to 
equipment. 

Via their 
team leader. 

From 
detailed 

CAD 
designs 

 

6 Arslan 
Metal 
Plastik 
san. 

dis tic. 
ltd.sti. 

Injecti
on 

Mould 
Manuf
acture

r 

Europ
e 

051-100 Master 
Cam, 
Solid 
works 

Machini
ng, 

Master 
Cam 

A specific 
designer 

??? ??? ???  

9 Lidhs 
Verkty
g AB 

Press 
Metal 
Toolin

g 
Manuf
acture

r 

Europ
e 

051-100 Top 
Solid, 
Auto-
Cad 

Top 
Cam, 
Top 

Wire, 
Power 

Mill 

A specific 
designer 

A third 
person, a 

designated 
CAM-

designer, 
The 

operators 
on the shop 

floor  

On a 
general PC, 
connected 
to every 
CNC-

machines 

Via a 
planingsyste

m, which 
they look up 
themselves 

Sales department, 
Design 

Department, 
Production 

Department, 
Assembly 

Department, 
Quality 

Department. Most 
of the employees 
are using cad in 
one way or the 

other.  
2 TK 

Mold 
Ltd. 

Injecti
on 

Mould 
Manuf
acture

r 

Asia 1000- Unigrap
hic 

(UG) 

Unigrap
hic (UG)

A specific 
designer, 
and other 
engineer

s 

A third 
person, a 

designated 
CAM-

designer 

On a PC, 
connected 

to a specific 
CNC-

machine 

Via a 
planning 
system, 

which they 
look up 

themselves 

 

16 Hong 
zhun 

precisi
on 

tooling
(kun 

shan)
CO,LT

D 

Press 
Metal 
Toolin

g 
Manuf
acture

r, 
Injecti

on 
Mould 
Manuf
acture

r, 
Other 

Asia 1000- ACAD2
005, 

AUTO 
CAD, 
PROE 

??? A specific 
designer 

A third 
person, a 

designated 
CAM-

designer 

On a PC, 
connected 

to a specific 
CNC-

machine 

Via a 
planning 
system, 

which they 
look up 

themselves 

 

15 Walker 
Tool & 

Die 

Press 
Metal 
Toolin

g 
Manuf
acture

r 

Ameri
ca 

100-500 Unigrap
hics NX

Work 
NC 

A specific 
designer 

The 
operators 

on the shop 
floor 

On a PC, 
connected 

to a specific 
CNC-

machine 

Via a 
planning 
system, 

which they 
look up 

themselves 

 

1 DYNA
MIC 

MOUL

Injecti
on 

Mould 

Asia 100-500 PRO-E Master 
CAM 

A specific 
designer 

A third 
person, a 

designated 

On a 
general PC, 
connected 

Via a 
supervisor 

 

 ix



Appendix_____________________________________________________________________________________ 

D 
SDN. 
BHD. 

Manuf
acture

r 

CAM-
designer 

to every 
CNC-

machines 

22 Feng 
Chuan 
Toolin

g 
Comp
any 

Press 
Metal 
Toolin

g 
Manuf
acture

r 

Asia 100-500 AutoCA
D2004, 
Solid 

Works, 
Pro-E. 

Master 
CAM 

A specific 
designer 

A third 
person, a 

designated 
CAM-

designer 

On a 
general PC, 
connected 
to every 
CNC-

machines 

Via a 
supervisor 

 

19 CQS 
PRECI
SION 
DIE 

CASTI
NG 
INC. 

Press 
Metal 
Toolin

g 
Manuf
acture

r, 
Injecti

on 
Mould 
Manuf
acture

r, 
Produ
ction 

Enviro
nment 

Asia 100-500 SOLID 
WORK

S, 
AUTOC

AD, 
UNI 

GRAP
HICS, 
PRO-E

MASTE
R CAM, 

UNI 
GRAPHI

CS 

A specific 
designer 

The same 
who does 
the CAD 

Another 
way...USIN
G MEMORY 

CARD 

Via their 
team leader. 

TEAM 
LEADERS 
WILL GET 

INFORMATI
ON FROM 
MANAGER

S 

 

4 Godrej 
& 

Boyce 
Mfg 

compa
ny 

Toolin
g 

Divisio
n 

Press 
Metal 
Toolin

g 
Manuf
acture

r, 
Injecti

on 
Mould 
Manuf
acture

r, 
Speci

al 
Purpo

se 
Equip
ment 

Manuf
acture

r 

Asia 100-500 Pro-E, 
Euclid, 
Acad, 
ideas 

Pro-E, 
Tebis 

A specific 
designer 

A third 
person, a 

designated 
CAM-

designer 

On a 
general PC, 
connected 
to every 
CNC-

machines 

Via a 
planingsyste

m, which 
they look up 
themselves 

 

8 Trendk
ft 

Injecti
on 

Mould 
Manuf
acture

r 

Europ
e 

100-500 Unigrap
hics 

Power 
mill 

A specific 
designer, 
person 
on the 

technolo
gy 

departme
nt 

A third 
person, a 

designated 
CAM-

designer 

On a 
general PC, 
connected 
to every 
CNC-

machines 

Via a 
supervisor 

 

10 FFM 
FORM

ET 
S.A. 

Injecti
on 

Mould 
Manuf
acture

r 

Europ
e 

100-500 Unigrap
hics, 
Auto 
CAD 

Work 
NC, 

Master 
Cam 

A specific 
designer 

A third 
person, a 

designated 
CAM-

designer 

Another 
way...we 
record on 

floppy 

Via a 
supervisor 

please check on 
www.formet.pl 

7 AZEM
OLDE

S-
MOLD
ES DE 
AZEM
ÉIS, 
LDA. 

Injecti
on 

Mould 
Manuf
acture

r 

Europ
e 

100-500 PRO-
ENGE
NEER; 
CATIA 

DELCA
M 

(POWE
R-MILL); 
DEPO 

A specific 
designer 

A third 
person, a 

designated 
CAM-

designer. 
The 

operator in 
the shop-
floor, also. 

On a 
general PC, 
connected 
to every 
CNC-

machines 

Via a 
planning 
system, 

which they 
look up 

themselves 

The system is a 
complete net, 

connecting CAD, 
CAM and CNC-

machines 

 x
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18 PLAST 
srl     

ITALY 

Injecti
on 

Mould 
Manuf
acture

r 

Europ
e 

100-500 Cimatro
n 2d-3d

nothing A specific 
designer 

A third 
person, a 

designated 
CAM-

designer 

On a PC, 
connected 

to a specific 
CNC-

machine 

Via a 
planning 
system, 

which they 
look up 

themselves 

 

24 ROSA 
PLAST 
SPA- 

Injecti
on 

Mould 
Manuf
acture

r 

Europ
e 

100-500 CIMAT
RON 

CIMATR
ON 

A specific 
designer 

A third 
person, a 

designated 
CAM-

designer. 
TOTALLY 4 
PERSONS 

Directly on 
the CNC-
machine 

Via a 
planning 
system, 

which they 
look up 

themselves 

 

5 WBL 
a/s 

Injecti
on 

Mould 
Manuf
acture

r, 
Speci

al 
Purpo

se 
Equip
ment 

Manuf
acture

r 

Europ
e 

100-500 ProE, 
Unigrap

hics 

PowerMI
LL 

A specific 
designer 

The same 
who does 
the CAD 

On a PC, 
connected 

to a specific 
CNC-

machine 

Via a 
planning 
system, 

which they 
look up 

themselves 

We have a special 
electronic software 
witch control cad, 
cam, quotation, 
planning all for a 
order/costumer! 

20 KONC
AR-

ALATI 
d.d, 

Fallero
vo 

setalist
e 22, 

Zagreb
, 

Croati
a 

Press 
Metal 
Toolin

g 
Manuf
acture

r, 
Injecti

on 
Mould 
Manuf
acture

r 

Europ
e 

100-500 PRO E, 
CATIA 

PRO E, 
CATIA, 
ESPRIT

A specific 
designer 

A third 
person, a 

designated 
CAM-

designer, 
Machine 
operators 

use CAM as 
well 

On a PC, 
connected 

to a specific 
CNC-

machine. 
Work 

stations are 
independent

, the 
programs 

are 
prepared 

there, these 
work 

stations can 
access all 
machines 

Via a 
planning 
system, 

which they 
look up 

themselves 

 

17 SHUN 
HING 
plastic 
mould(
shen 
zhen) 
co.,Ltd 

Injecti
on 

Mould 
Manuf
acture

r, 
Other 

Asia 501-
1000 

AUTO 
CAD 
2004  

PROE   
2001  

Cimatro
n master 

CAM  

A specific 
designer 

A third 
person, a 

designated 
CAM-

designer 

On a 
general PC, 
connected 
to every 
CNC-

machines 

Via a 
supervisor 

Clerks  and QC 
engineer and 
whose work is 
involved using 

CAD. Every 
computer have 
CAD software. 

12 Jász-
Plaszti
k Kft. 

H-
5100 

Jászbe
rény, 
Jákóh
almi út 

11. 

Press 
Metal 
Toolin

g 
Manuf
acture

r, 
Injecti

on 
Mould 
Manuf
acture

r 

Europ
e 

501-
1000 

Pro-
Engine

er 

Pro-
Enginee

r 

A specific 
designer 

A third 
person, a 

designated 
CAM-

designer 

On a 
general PC, 
connected 
to every 
CNC-

machines 

Via their 
team leader. 

The team 
leader 

makes the 
programmin

g of the 
CNC 

machine 
and he has 
contact with 

the 
designers. 

The CAM 
programming is 
made with Pro-

Engineer and NC 
programs. Simpler 

programs are 
made by the CNC 
machine operator 
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Appendix 7, technical data of the CNC-machines 
 
Table 2. This table shows the technical data of each CNC-machine. 

Mikron Okuma MC-60VA Okuma MCV-A Okuma LS30-N
Power on       

[h/year] 3425 5326 4984 1681

NC run time       
[h/year] 1324 2623 1873 352

Max working feed 
speed         

[mm/min]
20000 6000 6000 None

Max feeding speed 
[mm/min] 20000 15000 15000 None

Mobility in X-axis 
[mm] 1100 1252 3000 340

Mobility in Y-axis 
[mm] 600 632 2050 1260

Mobility in Z-axis 
[mm] 600 450 1500 0

Work surface     
[mm] 1000*560 1000*410 1300*2800

Max work piece 
[mm]           

(D=diameter, L=length)

D250*L1217 or 
D580*L150

Max speed        
[rpm] 14000 5000 2000 2500

Weight           
[kg] 1350 500??? 9000 ???

Residual value 
[Australien dollar] 200000 30000 80000 ???

Age              
[Year]  1 11 15 17
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Appendix 8, Calculations 
Denotations: 
α  = The working time for five operators on the CNC-machines (gathered during 

the period 06/01/03—05/08/04, and here used as 19 months, from the form 
which the operators fill in each day).  
 

β  = The working time of the CNC-machines. Includes only the time when a tool 
is running, nothing else (gathered from 

, table XX, as NC run time). 
 

Appendix 7, technical data of the 
CNC-machines

ϕ = The number of jobs (gathered during the period 06/01/03—05/08/04) 
 

δ  = The total amount of hours during a year with 365 days. 
 
λ = 23 days. The number of RDO’s and public hollidays. 
 
θ = Setup-time, also includes changing tools and fixing problems. 
 
τ = The working time of the CNC-programmer, CAM-designer (gathered during 

the period 06/01/03—05/08/04). 
 

ω = 3D machining work time. 
 
ψ = 2D machining work time. 
 
ζ = None working, none occupied, CNC-machine time. 
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The proportions of machining time between the different CNC-machines: 
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Level of utilization when not considering the setup-time: 
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Level of utilization when considering the setup-time: 
 
The manufacturing manager together whith the CNC-programmer estimates the 
proportions of total amount of CNC-machine working hours for 3D-work and 2D 
work to be: 
Mikron  = 90 % 3D, 10 % 2D 
MC 60VA  = 20 % 3D, 80 % 2D 
MCV-A  = 10 % 3D, 90 % 2D 
LS30-N  = 0 % 3D, 100 % 2D 
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unmanned machining 
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Figure 11. This figure shows the build-up of the total amount of machine working hours (β) and 
the total amount of CNC-operator working hours (α). 

Figure 11

 
This assumption is made by using this line of argument: 
The total amount of machine working hours, β, consist of 2D-machining and 3D-
machining, see . Where the 2D-machining needs the operator’s full 
supervision during the entire manufacturing process. During 3D-machining the 
operator just have to set up the job and start it. He can then remove him self from the 
CNC-machine and do something else. Though, if there is some problem with the 
operation the operator needs to return to the CNC-machine and fix it. But during this 
work the CNC-machine is not working and not recording any working time. 
Therefore, if an CNC-operator has to do something with the CNC-machine which 
recuires the CNC-machine to stop working, this time will not be aded to either the 3D 
or the 2D-machining time, and then not either to β. This gives the CNC run time, β, 
from  in , the meaning of 
containing only machine working time. The conclusion is that 2D-machining time is 
manned, 3D-machining time is unmanned. 

Table 2 Appendix 7, technical data of the CNC-machines

 
This takes us to the other part of the assumption. We now know that a part of a CNC-
operator’s work is to supervise. We also know that the supervising time is only being 
done during 2D-work. Therfore, some parts of the total amount of working hours for 
the CNC-operator, α, must contain time for supervising, that are the same amount of 
hours they put on 2D-machining. The other part of α then have to consist of all other 
work the CNC-operators do, like setup the CNC-machine, fix problems and change 
tools. 
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The different CNC-machines are assumed to have an equal amount of time for 
changing tools and fixing problems, but the setup-time is estimated accordingly: 
Mikron = 25 % 
MC 60VA = 30 % 
MCV-A = 35 % 
LS30  = 10 % 
Total  = 100% 
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Setup-time: 
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The result of formula 38, 21,9 %, is consistent with the result of formula 24, 78,1%. 
 
CNC-programming, CAM: 
The CNC-programmer assumes to use 90 % of his total amount of working hours to 
programming the CNC-machines, therefore: 
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Appendix 9, Benchmarking 
The benchmarking is to be done in order to get a picture of what solutions other 
companies have regarding this project definition. Therefore a number of visits have 
been done to different companies. 

NTS Tooling Solutions Pty Ltd 
On Tuesday the 5th of October 2004 a part of the project group paid NTS Tooling 
Solutions PTY Ltd a visit. NTS Tooling is a tooling company who does tooling for 
plastic moulding. It is a very progressive company and has won a couple of awards 
this year, for example “Manufacturing of the year” in SA. The company is an 
international company and is situated in Australia, Korea and Canada. 
 
The design manager first presented the company, the organization and the processes. 
The impression was that the company has a good organization, has a good mentality 
and a good and “hungry” approach for new technology. 
 
The company has been progressing for a few years and the market for plastic tooling 
has turned to be a very lucrative. At the moment there are 44 persons working at the 
company. Those 44 persons are constituted by an organization with a management 
group, a design team of three people, one person who is responsible for their 
computerized systems, one manufacturing manager, two shifts working on the 
shopfloor (one day and one afternoon shift) and an administrative staff. 
 
In the management group there is a function, which is responsible for the customers 
and their requests. The requests get a first going through. Than, if NTS-Tooling finds 
the requests suitable and the customer finds the quotations suitable, they are put in to 
the system as a job with a job number. In the system all the drawings and explanations 
from the costumer will be added, connected to each individual job number. 
Everything will be available on a server. This system is an own well-developed data 
base program, which is made by and maintained by the IT-supervisor of the company. 
There you can find all the information about different jobs, time, prices, schedules and 
other useful information. The information is open throughout the company but some 
access is depending on your position in the company and which information you need. 
After the job is activated one of the designers gets to do the designs that the 
manufacturing department of NTS-tooling are going to use, the designs of the tools. 
Even those drawings are being connected to the same job number in the database. To 
save time and to be more efficient the designer, when he thinks he has finished all 
drawings, takes his computer with the drawings to see the costumer. The customer can 
than on spot approve or disapprove each drawing. Usually this will not take more than 
1-3 hours. If the costumer cannot decide within 2-3 days the work on the job will 
cease. This is due to that if a costumer draws out his decision it will affect the 
scheduling of NTS-tooling in a negative manner, and they will not be able to finish 
the work in time. That is why they have to be tough with the costumer on that issue. 
 
NTS Tooling has with their customers, during the entire process, an open mind about 
information. Some of the customers can log in to the Internet and see how their job 
progresses in the plant. It takes some time to hold the information updated, but it is 
time saving comparing to if the customers would keep on visiting the plant, doing 
their check ups. 
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During the development and designing time of a tool the only one/ones that has/have 
access to the design material is the designer/s. When they consider one part or 
assembly to be ready, they make it commonly available at the server. Then every one 
in the company can access all the information about the actual job. Before it is being 
released it is common procedure to let the manufacturing manger look at the drawings 
to comment on whether the part will be suitable for manufacturing or not. 
 
When the part is ready for manufacturing the manufacturing manager schedules the 
work in the sense of which parts will be CNC-machined and on which machine, 
which parts will be manufactured manually and what all parts have for time limits. He 
also orders all the needed material. To obtain this scheduling the manufacturing 
manager uses Microsoft Project, the internal reporting and information system, and an 
Excel worksheet. He does all the manufacturing scheduling in Microsoft Project, 
information for him only, and there can he have a general view of every time limit. He 
is only planing for a fifty percent capacity, so that he will have space for 
unpredictable events. In spite of this scheduling the operators are always occupied. 
There are even possibilities to work overtime.  
 
The operators on the shop floor only know what jobs are supposed to be done, where 
and when. This information is given in an excel sheet. They access that sheet via a 
computer and they mark the job when they start and when they are finished. How the 
jobs are proceeding is up to the manufacturing manager to know and find out. 
 
The operators do the programming of the CNC-machines. They do it by using a PC 
with CAM-software installed, which is accessible beside every CNC-machine. The 
operator will pick up the drawing, which the designer has finished, from the server by 
using the PC and then do the CAM, the designing of the tool path. Sometimes the 
design does not have to be finished before manufacturing starts. If the manufacturing 
manager together with the designer thinks there is a possibility to start early, by for 
example the reason that they have done a similar job before and they think they have 
the experience, they can start using a half finished drawing doing the standard parts. If 
the design, by any reason, is changed, the operator will be notified through the 
manufacturing supervisor. He will than be able to se the changed parts with the colour 
red.  
 
From the beginning there was only one person, the manufacturing manager, doing the 
CAM from a central post in the company sending the CAM out to each machine. As 
the business grew, it became a big bottleneck. The decentralisation of CAM has 
shown timesaving in the CAM, but a little more time demanding in the CAD 
preparation. The manufacturing manager thinks, after 20 years of experience from 
CNC-machining, that the main advantage by letting the operators do the programming 
of the CNC-machines is the variety of ways to do the tool paths. This generates new 
ways to do one thing, new better ways, instead of having only one persons view of 
how things should be done. Though, there is one advantage with having one specific 
person programming the CNC-machinery, and that is consistency. He also thinks that 
one disadvantage with one specific CAM-designer is that this person will have to 
design all the jobs, which means that when he is finished with one drawing he goes 
directly to the next. Than if some alterations are needed he will have a hard time 
going back and remember what he has done and what the job is all about, he has to 
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start over trying to recall everything. An operator, who works with the same job all 
along, will have everything fresh and available for fast responses to alterations.  
 
To be able to manage the CAM software and the managing of the CNC-machines                      
the operators, who mostly are technicians and toolmakers from the beginning, must be 
given some education. This education is done at the company for about a week. After 
that, NTS-tooling does not have any problems regarding the competence of the 
operators. 
 
NTS-Tooling uses Master CAM for the operators to program the CNC-machines with 
and Pro Engineer for the designers to do all the designs. For the moulding designing 
they use EMX. The reason for them to have different software is due to that they can 
then have the better of two areas instead of having to make a compromise with 
software that does both the CAD and CAM. 
 
Today there are six CNC-machines in the workshop, no one older than four years. The 
philosophy in the company is that time is money, so they have to have the fastest 
machines. Also, if they have modern machinery they will have a market advantage 
and probably get more costumers. The CNC-machines are scheduled for 120 hours 
per week, but are just used for about 96 hours, which is an 80 percent usage which do 
70 percent of all jobs, 30 percent of the jobs are done manually. The goal is to 
increase the NC usage and decrease the manual. 
 
To achieve a better usage, to get a percentage increase from 80 to almost a 100 
percent, the manufacturing managers` opinion is: 

• Give the operators more education and experience of handling the CNC-
machines. 

• A goal oriented management, which will give the operators more motivation 
to work in the interest of the company. NTS-tooling thinks that if all 
employees are a part of the change/improvement management, to let every one 
be able to say what they think need changing, they will be more anxious to 
answer to and work with the goals of the company. 

• A good and efficient thing is to run all long jobs during weekends, when there 
are fewer operators working in the shop. The advantage is that fewer operators 
will be occupied by just supervising jobs, though that is a task one operator 
can master in a greater amount. 

• Every active job and active part has to be in production. None can be allowed 
just lying around. 

 
The only official meeting they have is ones a month. That is when both shifts to 
gather and bring up issues needed to be brought up. However, a supervisor (a NC, 
Bench, EDM supervisor) can, if they want and need to, call for extra meetings, to 
discuss an important issue. 
 
Figure 7 will try to visualize and summarize the way NTS-tooling is organized. The 
costumers get in contact with one of the managers; either the project manager, the 
general manager, the selling manager or the manufacturing manager. One of these 
managers sends back a quotation. When both parties have come to an agreement the 
ordered job will be activated in the computer system of NTS Tooling. When the job is 
activated the designer can start designing the tool. The designer keeps in contact with 
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the manufacturing manager. When they both think it is time to start manufacture, the 
drawings will be available for the operators at a computer by a CNC-machine. At the 
same time the manufacturing manager will have the scheduling done. The operators 
can get information of the job from the computer system as well from the 
manufacturing manager. At the same time the operators have to report in to the 
computer system how everything are going, how much time they are working on each 
part and report everything that are not going as planed. During this whole process the 
costumer can follow the job process online on the web. 
 
 
 
 
 
 
 
 
                                                         
 
 
 
 
 
 
 

Internet Project and 
design manager

Manufacturing
manager 

Shop floor 

Customer 

Computer 
system 

Figure 12. This figure visualizes the way NTS-tooling is organizing their way to work. The lines 
show relation between the different areas. 

Alfon Industries PTY LTD 
Wednesday October 13th 2004, a visit at Alfon Industries Pty Ltd was made. The 
company is a family business and the manager is Martin Moore.  
The company manufactures tooling for casting and moulding.  
 
At the visit the person responsible for the design did a short presentation. 
There are 25-30 people working at the company, where 8-10 of them work with 
administration kind of issues and 17-20 on the shopfloor. The operators on the shop 
floor are divided into two shifts, one morning shift and one afternoon shift.  
  
A request and part data is sent from the customers to either Martin Moore or Paul 
Rameh (the designer), via e-mail or CD, who in their turn do a quotation. If the 
costumer accepts the quote, the job gets a job number and is put in the system for 
Alfon. A design concept is made and after an approval from the customer the final 
drawing of the tool is established. The software being used is Delcam Powershape. In 
this stage the designer also orders the material for the tool and sets up a time schedule 
for the job. When the drawing is ready and approved it is passed on to next step. If it 
is a casting bit the drawing is sent to an outsource company who does a pattern in 
Styrofoam. When the pattern is sent to Alfon it is covered in sand and processed into a 
sand core and ready to be used for casting which they do in aluminium. If it is not a 
casting job, after the drawing is finished, the drawing is put on the company server 
and an operator picks it up on a computer and does the tool path for the part, using 
CAM software DelCam PowerMill. For this the operator uses on of two computers in 
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a small room in near connection to the NC machines. After doing the tool paths in 
PowerMill they save it on the server. The tool pathed part is then activated at the 
selected NC machine. 
  
After the part has been machined in the CNC-machine all the parts are to be 
assembled and finished and checked by the gage, which also have been manufactured. 
Everything is then sent to the costumer. Invoices are sent out to customers from the 
administrative personnel and the designer has contact with the customer to assure that 
the customer is satisfied. 
 
The designers at Alfon have an entity responsibility for the quote, design, the planing 
of job, supervise the job over the shop floor and following it up for customer.  
To do the planning they use Microsoft Project and for collecting the information a 
folder is put up for each customer with a unique job number on the company network 
server. 
 
The operators have a background of machining and tradesman, so two days of training 
and work side by side with another in the beginning of a new employment is enough 
to learn the programs and be self-going with the work with good quality.  
 
The communication at the company is through short meetings. Every Monday the 
production group, which consists of the head manager, two designers and the factory 
manager, has a meeting where the lists of all quotes and open jobs are discussed and 
planned. All information about different jobs is saved on the server where everyone in 
the group can reach it. The information can be technical data, e-mail to and from 
customer, time schedule and economics. Besides this weekly meeting there is a 
monthly meeting, where everybody is gathered and discussing the current and future 
jobs. Between these monthly meetings the operators having informal discussions with 
who ever they need to see, whenever they need to. 
 
To record the working hours, the operator uses a paper form to fill in when, where and 
what they have done. 
 
According to Paul, things to improve to stay competitive at the market at Alfon are to 
increase the machine capacity and they should also invest in a five-axis machine do be 
able to do some more complex jobs. Another thing that is needed is a computerized 
administrative system for the invoice and quote systems. This should save a lot of 
time and make the work go much more smother.   
 
An idea to maybe update the machine capacity more easily is to lease machines. That 
way you do not have to deal with all the issues that comes with ownership, for 
example maintenance costs and the losses that comes when selling a newly bought 
machine. 

Trident Tooling 
The 10th of November 2004 a visit was made at Trident Tooling Pty Ltd in Adelaide. 
Host for the visit was Tom Hubbard, who is the general manager of Trident Tooling 
since 2003. The company designs and manufactures plastic injection moulds and 
pressure die casting tools. The business started 1993 and has successfully grown and 
won a lot of awards through the years, for example 2002 Toolmaker of the year and 
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2003 ranked as 31st on BRW fastest growing companies. They have offices in 
Adelaide, Sydney and Melbourne and customers around the world. Many customers 
are in automotive or general products area. There are 65 employees of whom 15 are 
engineers and administrative personnel and 50 shop floor operators. 
 
The plant is situated centrally in Adelaide and has an area of 2700 square meters.  
The plant has a well-equipped machine park. On the shop floor there are 13 CNC 
Mills machines, maximum bed 8000×2300×1400, 14 conventional Mills with digital 
readouts, 3 Radial Drills, 3 Surface Grinders, 3 EDM, which one of them is the largest 
twin head CNC-EDM machine in Southern Hemisphere. Presses, measuring machines 
and horizontal borers make them able to compete on the international market. Some 
of the machines are leased and contracted for a period of time and the core machines 
are updated and no older then three years. Some are leased to buy, which is a tax 
benefit compared to buy and invest from start and others are leased for a short period 
of time and then upgraded with a new sample instead. The machine utilisation is 85 % 
and that is what Trident is aiming for as well.   
 
Trident has a very well developed data system where all information about all the jobs 
and tasks are held. The system, Project 2002, has been developed from Microsoft 
project planning software by Microsoft staff. Trident is therefore a case study 
company for Microsoft and the first company known using this kind of system 
throughout the whole company, where all information from quotes, budgets, time 
schedules, material bills and orders are kept. The system is public throughout the 
company but there are different safety levels so the information accessibility depends 
on what level of information you need to precede with your tasks. Everyone has 
access to the system and can do updates whenever needed. The system sends an email 
every time something falls behind scheduled time or cost. It sends a message with 
your tasks for the day and you can se what is planned for you the coming days so that 
you can prepare ahead. Customers can also log into the system and se how their 
particular job progresses in the shop. The company is very open with there 
information to the customers.  
 
A sales engineer establishes contacts with potentials customers and asks for their 
needs and requests and after the customer sends in the request another engineer does a 
quote. The request is often a math model sent by email or free to be picked up on the 
customers ftp. Any digital format is to prefer instead of papers. If papers are sent, the 
information is scanned and put in the data system. The request is quoted and after 
agreement from customer the customer liaises has contact with the customer 
whenever needed through the job project. A cad model is made and after discussion 
and approval from customer through visit, mail or telephone the job is manufactured. 
After manufactured, metrology and quality is assured and then delivered to customer.  
 
The CAD is done by engineers using Unigraphics, Pro-engineer and Ideas. A decision 
was made three years ago that all design work is to be made in 3D and depending on 
which program or format customer uses, Trident tries to use the same. After design is 
made and approved it is saved down to a CAD server where an operator from shop 
floor picks it up and establishes the CAM with tool paths. On the shop floor there are 
12 computer stations placed, all close to NC machines.  
The operators are often tradesmen from the beginning with some engineering 
understanding and computer literate. Some of them are trained in an apprentice 
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training team, a government program of which Trident is a host company for. In the 
program the basics of CAM and toolmaking is learnt and first, in the beginning, the 
apprentice work together with skilled operators to learn the basics in the different 
areas of the shop; NC machining, CAM, manual handling and assembly. Seminars 
and classes is held for the apprentices, with time periods varying from a half day till 
three days a week The apprentice rotate through these areas during four years and 
after that he masters the knowledge of toolmaking to work completely by his own.  
Software for CAM used is DelCam PowerMill and Powershape. Education and 
training in the program is held periodically at the plant or at resellers. Training is held 
every time a new version or applications are launched and sometimes just to freshen 
the skills up and learn new better technics and tips for manufacturing.  
Trident does not consider changing CAM program in the nearest future; this is due to 
all the money invested in training and equipment for DelCam software.  
 
The planning of jobs is done in a macro level with all resources, both machines and 
personnel, by a planning engineer and an operate engineer who then puts the schedule 
on the system. It is then up to the operators, and especially the team leaders, on the 
shopfloor to keep the schedule. They know what is to be done in which timeframe. As 
long as they stick to the schedule they can use resources available as they like. It 
always has to be time and cost effective. The operators are divided in seven different 
teams, six different skills during dayshift and one cross-skilled in afternoon shift. The 
team leaders know, through the data system which resources they have available and 
can plan the job together them selves according to the schedule and plan. When a task 
is done the operator updates the system and a message is sent to the operator engineer 
to be approved. Operational times and data are collected automatically and saved in 
the system. Operators log in with a hand scanner and job number so the system knows 
who does what for how long.  
 
The company has a well-developed organization and technology to keep up with it. 
They have spent a lot of money on the data system and the needed education, but now 
after two years it runs perfectly and suites there needs. And is a big source for the 
efficiency in the company. The operators’ motivation and engagement for the work 
has increased with the own responsibility.  
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Appendix 11, Capital investment appraisal 

Data 
To be able to calculate on how lucrative the proposal is we need to specify for 
example how many CNC-operators and how many designers there should be and how 
much they cost per year. This is shown in table Table 3. 
Table 3. Shows the data used in the Capital investment appraisal.  

Table 3

1 step
Alt. 1

NC-operator Designer CAM-programmer Salesman
Manufacturing 

manager NC-PC Design-PC CAD CAM System Big Medium Small

Total number 9 9 0 2 1 6 9 15 15 1 2 2
Change, 

compared with 
today

4 4 -1 2 0 6 3 9 13 1 1 1

new 4 3 0 2 0 6 9 9 13 1 2 2
Cost

Personnel / 
year 44 58 50 58 80

Purchase 5 5 10 10 100 2000 1000 250
Education 6 1 0 1 1

Electrical/shift 0,27 0,27 0,27

2 step
Alt. 1

NC-operator Designer CAM-programmer Salesman
Manufacturing 

manager NC-PC Design-PC CAD CAM System Big Medium Small

Total number 9 9 0 3 1 9 9 15 15 3 3 3
Change, 

compared with 
Step 1

0 0 0 1 0 3 0 0 0 2 1 1

new 0 0 0 1 0 3 0 15 15 2 1 1
Cost

Personnel / 
year 44 58 50 58 80

Purchase 5 5 10 10 1000 2000 1000 250
Education 0 0 0 0 0

Electrical/shift 0,27 0,27 0,27

NC-machines

NC-machines

Computers

Personnel

SoftwarePersonnel

Compurters Software

2

1

1

3

1

1

 
Today there are five designers and five CNC-operators. According to the proposal 
they should become nine in step 1. This means a change of four. At the same time the 
company has a CAM-programmer that the proposal does not want to keep. He should 
accordingly undergo retraining and become a CAD-designer. This means that AE&T 
only needs to employ three new CAD-designers, but four new CNC-operators. This is 
shown on the row “Number of new” in . In the same table you can see that two 
new salesmen will be employed and give a total of two salesmen, the change is 
therefore two.  
 
The cost for the personnel per year is shown on the row “Personnel / year”. The cost 
for a CNC-operator is given from the manager to be $23 per hour. To get that figure 
in to a cost per year the following formula has been used: 
23×8× (365-23-52×2)/1000       (A) 
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This formula should take hour rate into a cost per year when considered RDO’s and 
public holidays. Since all numbers in  is times 1000 this formula has to be 
divided with 1000. 

Table 3

Table 3

 
For the designers the salary cost were given for one year, which meant that no 
calculations where needed. The cost for the CAM-programmer, a salesman and the 
manufacturing manager is assumed figures. 
 
The education costs, presented on the row “Education”, are for the CNC-operators 
due to their need of learning to become CAM-programmers and learning the new 
System. For the rest it is only learning the new System that is calculated as a cost. The 
cost of learning the CAM-software and the System is assumed figures, based on 
previous experiences of weekly courses. The System is estimated to take two days to 
learn and the CAM-programming one week. 
 
The numbers of PC are presented the same way as the number of employees. That is 
to say that there are six PC needed for the CNC-machines, all new, and then there are 
nine new PC needed for the nine designers. And that is even though there were six PC 
for the designers before Step 1. The costs for these PC are estimated to be $5000 each. 
 
The thought with the software is that every PC should have both CAD and CAM, to 
gain flexibility. As can be seen in  the number of new CAD-licenses needed is 
nine and CAM-licenses needed is thirteen, with the same estimated cost of $10000. 
 
The cost the System has an estimated developing cost of $100000. That should 
include the work cost of a computer company developing a system individually 
adapted to AE&T. 
 
There are five new CNC-machines to be bought during Step 1, 2 big, 2 medium and 1 
small. The reason to just by one new small CNC-machine is that AE&T recently 
bought a new small and fast Mikron. The others, older ones, will be sold. The 
estimated cost for a large CNC-machine with better performance than the big old one 
AE&T has today is approximately $2000000. The estimated cost for medium large 
CNC-machine with better performance than the one AE&T has today is 
approximately $1000000. The estimated cost for a CNC-machine in the size of the 
Mikron is $250000.  
 
The total electrical cost for the CNC-machines today is estimated to $16000 for two 
shifts. We are assuming that this cost will not alter in a big manner and can therefore 
be estimated to be the same. This total cost in the “Electrical/shift” row is equally 
divided between the three types of CNC-machines, and when the cost per shift is 
asked for, the formula for calculating the cost per shift and CNC-machine becomes: 
(1.6/2)/3         (B) 
The “2” stands for the two shifts and the “3” represents the number of CNC-machines. 
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Table 4. This is the Capital investment appraisal form.  

Year
0 1 2 3 4 5 6 7 8 9 10

Investments, k$AU Step 1 Step 2
PC 75 90 90
CAD software 90 150
CAM software 130 150
System 100 2000 0
NC-machines 6250 3250 6500 3250
Development/carrying through/change management 34 119
Total 6679 0 2000 3759 6500 0 0 3340 0 0 0

Current expenses
Salary 233 465 465 494 523 523 523 523 523 523 523
Electrical cost 3.2 3.2 3.2 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6
Maintenance, System 0 15 15 0 20 20 20 20 20 20 20
Maintenance, machines 0 10 10 10 15 15 15 15 15 15 1
Total 236 493 493 510 564 564 564 564 564 564 564

Proceeds
Less employees 50 50 50 50 50 50 50 50 50 50 50
Due to a more efficient organization 0 1538 1538 1538 4934 4934 4934 5257 5257 5257 5257
Due to extra shifts and extra NC-machines 0 4154 4154 4154 7896 7896 7896 8482 8482 8482 8482
Total proceeds and savings 50 5742 5742 5742 12880 12880 12880 13789 13789 13789 13789

Residual value 30 0 0 0 3250 0 0 1625 0 0 0

Cash flow -6835 5249 3249 1473 9066 12316 12316 11510 13225 13225 13225
Total Cash flow, pay-off time -6835 -1586 1662 3135 12201 24517 36833 48343 61568 74794 88019

Cost of Capital 10% 1 0.909 0.826 0.751 0.683 0.621 0.564 0.513 0.467 0.424 0.386
Capital value 45303 -6835 4772 2685 1107 6192 7647 6952 5907 6170 5609 5099

Total present value from the investments per year 17310 6679 0 1653 2824 4440 0 0 1714 0 0 0
Quotient of Capital value 2.617

5

 

Step 1 

0 
As mentioned before, everything is in kilo (kilo = 103) Australian dollar. 
 
The work with the investment is supposed to start in January year 0, but the new 
personnel are assumed to start after six month, in June year 0. 
 
As mentioned above in “Data” fifteen new PC are to be bought with the price of 
$5000, this gives: (6+9)×5 = 75.      (C) 
 
The cost of CAD-software: 9×10 = 90      (D) 
The cost of CAM-software: 13×10 = 130     (E) 
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Where the “9” and “13” are the numbers of new licences needed and the “10” is the 
estimated cost of one licence. These figures are to be found in the data sheet. 
 
At the same way is the cost of the new System calculated: 
1×100 = 100 
 
The purchase cost of the CNC-machines is: 
2×2000+2×1000+1×250 = 6250      (F) 
Where every term is the cost of one type of CNC-machine, the first represents the big, 
the second the medium and the third is the small one. We can also see that there will 
only be one new small bought, but two big and two medium, all shown in the data 
sheet. 
 
The development, carrying through and change management cost is calculated with 
the following conditions: 

1. One day of introduction for every one 
2. 1/2 week of planning and learning for the Manager and the Manufacturing 

manager 
3. 3/4 week for the designers and operators together with one of the managers 

for planning and learning 
4. Necessary education for everyone, the CNC-operators has to learn CAM-

programming, one week, and every one have to learn the new System, two 
days 

 
This gives the formula: 
(([Number of CNC-operators]×[The cost of one CNC-operator]+[Number of 
designers]×[The cost of one designer]+ [Number of salesmen]×[The cost of one 
salesman]+[The cost of the manufacturing manager]+[The cost of the plant 
manager])/[the number of days per year]) ⇒ 
⇒  ((9×44+9×58+2×58+2×80)/365)      (g1) 
 
((([The cost of the manufacturing manager]+ [The cost of the plant 
manager])/([number of weeks per year] )/2) ⇒ 
⇒ (((2×80)/52)/2)        (g2) 
 
(([Number of designers]×[The cost of one designer]+[The cost of the manufacturing 
manager])×([number of weeks per year]×(3/4)))+(([Number of CNC-operators]×[The 
cost of one CNC-operator]+[The cost of the manufacturing manager])×([number of 
weeks per year]×(3/4))) ⇒ 
⇒ (((9×58+80)/52)×(3/4)+((9×44+80)/52)×(3/4))    (g3)  
 
((([Number of CNC-operators]×[The cost of one CNC-operator]+[Number of 
designers]×[The cost of one designer]+ [Number of salesmen]×[The cost of one 
salesman]+[The cost of the manufacturing manager]+[The cost of the plant 
manager])/[the number of days per year])×2)+([Number of CNC-operators]×[The cost 
of one CNC-operator]/[number of weeks per year]) ⇒  
(((9×44+9×58+2×58+80×2)/365)×2+9×44/52)     (g4) 
 
⇒ G = (g1)+ (g2)+ (g3)+ (g4) ⇒ 
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⇒((9×44+9×58+2×58+2×80)/365)+(((2×80)/52)/2)+(((9×58+80)/52)×(3/4)+((9×44+8
0)/52)×(3/4))+(((9×44+9×58+2×58+80×2)/365)×2+9×44/52) = 34  (G) 
 
The extra cost for the extra employed personnel is summed up like this: 
([Number of extra CNC-operators]×[The cost of one CNC-operator]+[Number of 
extra designers]×[The cost of one designer]+[Number of extra salesmen]×[The cost of 
one salesman])/2 ⇒ (4×44+3×58+2×58)/2 = 233     (H) 
The number 2 is because the new personnel are not estimated to start working until 
after June. 
 
Since the cost in the Data sheet is for one CNC-machine per shift, the total extra 
electrical cost will be three CNC-machines for one shift and three CNC-machines for 
three shifts, which gives three CNC-machines for four shifts, and the formula is 
therefore: (0,27+0,27+0,27)×4 = 3,2      (I) 
 
Because AE&T no longer have a CAM-programmer they will not have to pay his 
salary and will therefore save $50000 per year, as can be seen in the Data sheet. 
 
Since new CNC-machines are replacing the old Okumas, they can be sold for 
approximately $20000 and $1000, which give a residual value of $30000. 

1 
The salary expense raises twice the value of year 0, because the employees now work 
from the first day in January. 
 
The maintenance cost for the machines and the systems are estimated figures. 
 
Due to a better organization, the quality and efficiency will increase the total income 
with 30% on the CNC-CAD-CAM area and 20% on the manual work area (it less then 
the CNC-CAD-CAM area due to that some changes will not affect the manual work 
area). This figure is founded on the following criterion: 

• Shorter way for the information, due to the computerized system. Less time 
saves money.      ⇒ Let us assume they are 
putting 10% of all working time to discuss issues, than a reasonable estimated 
improvement would be to cut the communication with 25%, which in total 
gives an improvement of 2,5%. 

• More secure way for the information to take, the information will not 
unawares be altered on the way. More accurate information will lead to fewer 
flaws and that will save money.   ⇒ Let us assume of all 
work time 20% is work done because of some information flaw. It is than 
reasonable to assume that this can be reduced by 30%, which gives the total 
improvement of 6%. 

• The motivation, especially for the CNC-operators, will increase. This will be 
achieved because there will be no team leaders, which will give the CNC-
operators more responsibility. At the same time the work will become more 
varying and challenging due to more technology and more tasks to be 
responsible for, for example the CAM-programming. They will also be more 
aware of the total picture when they have to do everything from programming 
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the tool-paths and manufacturing the parts. All this will in the end give a more 
motivated and responsible CNC-operator, who will work in the interest of the 
company, think about efficiency and quality, which will save the company 
money.       ⇒ Since the motivation 
and morale is low in the company it gives space for some major changes and 
the improvement could be estimated to 30%, but since this area is similar to 
some of the other criterions it is taken down to 15%. 

• The working environment improves which will lead to fewer sick listings. In 
this case the working environment will mostly improve in a psychological 
way.       ⇒ This is mostly already 
represented in the criteria above, so this will not generate a percentage.  

• Since the scheduling is mainly to be done by a designer there will be fewer 
people involved and that will make it easier for one person to have the overall 
understanding and possibility to respond quickly on unforseen occurrences. 
This will make it easier to be flexible and keep unnecessary costs away. 
        ⇒ This improvement is 
very hard to estimate, but let us assume that it will increase the income with 
2%. 

• Instead of having one person doing all the thinking, as in the current CAM 
solution, there will be a lot more ideas on how to solve problems. This will 
probably lead to the appearance of different solutions and have the company 
developing in a positive direction. At the same time the company will not be 
as depending as they are today on one person. If he becomes sick the CAM-
programming will cease. As this solution suggests, having the CNC-operators 
do the CAM, the organization will be stronger, it will be able to cope sick 
listings and the manufacturing will suffer less. ⇒ This will give a gain of 
5%. 

 
The total income from manual work is $305397,341, when the rate per hour is $68 
and the total amount of manual working hours are 4491.13737 h / year. The total 
income from CNC-work is $770000, when the rate per hour is $77 and the total 
amount of manual working hours are 10000 h / year (see formula 2, 

). This gives the formula: 
Appendix 8, 

Calculations
([The extra income, due to extra shifts and extra CNC-machines]+[The total income 
from CNC-work])×0,3+0,2×[The total income from manual work] ⇒ 
⇒ (4325+770) ×0,3+0,2×305,397341 = 810    (J) 
 
Today there are approximately 10000 hours being done by the CNC-operators per 
year. 20% of that time is assumed to be external work, which gives $77 per hour, and 
80% with the rate of $63 per hour. This lower rate can be used due to the economical 
goal to brake even, but as this proposal suggests AE&T to be a profit centre instead, it 
is possible to use the $77 rate 100%. This gives the first change to be used in the 
formula to calculate the extra income due to extra shifts and extra CNC-machines: 
[Maximum income]-[The income today] ⇒  
⇒ (10000×77-(0,8×63×10000+0,2×77×10000))/1000   (k1) 
 
The second change is that the two old CNC-machines are being replaced with two 
new ones. This gives an improvement in efficiency where the second large CNC-
machine is being 1,6 times faster (8000/5000) and the largest becomes 3 times faster 
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(6000/2000). The usage of the CNC-machines differ; the Mikron is being used 23% of 
all working time, the second large is being used 44% of all working time and the large 
one is being used 33%. This assumption can be made from the formula 8, 9, 10 and 11 
in Appendix 8, Calculations. The extra income is calculated with the following 
formula: 
770×(0,23×0+0,44×0,6+0,33×2)×1,1      (k2) 
Where 0,23 is multiplied with 0 due to that the Mikron is not replaced. 770 is used 
because this proposal assumes to use the external rate for all work and the total 
change would therefore be based on that rate. Everything is multiplied with 1,1 due to 
that the newer CNC-machines will have less set-up time and the production rate is 
therefore estimated to be 10% higher than today. 
 
The third thing this proposal suggests is one extra shift, to use all 24 hours. This 
means three shifts instead of today’s two. The formula used is: 
(770/2)×(0,23×1+0,44×1,6+0,33×3)×1,1     (k3) 
Now is the increase of CNC-machine speed 100% more. That is because the change is 
a whole new shift, which means 100% new time for the CNC-machines. In the second 
change it had to be less due to that there were work done before and that it is only the 
change that is in demand. 770 is divided with 2 because that the income 770 is for two 
shifts and now the income from one shift is in demand. 
 
The fourth change is the bargain of three new more CNC-machines. This redoubles 
the number of CNC-machines and gives in theory three more shifts to work with. 
Therefore becomes the next formula: 
3×(770/2)×(0,23×1+0,44×1,6+0,33×3)×1,1     (k4) 
 
This gives the total formula: 
(k1)+ (k2)+(k3)+(k4) = K ⇒ 
⇒ (10000×77-
(0,8×63×10000+0,2×77×10000))/1000+770×(0,23×0+0,44×0,6+0,33×2)×1,1+ 
(770/2)×(0,23×1+0,44×1,6+0,33×3)×1,1+3×(770/2)×(0,23×1+0,44×1,6+0,33×3)×1,1 
= 4154          (K) 

2 
The investment for the development of the new system must be done. It should be 
done in January and be finished in December. When January year 3 starts, the system 
should be ready for implementation and the cost is estimated to one million dollar, 
$1000000 for the decision-making system and the same amount for the learning 
system. 

Step 2 

3 
A renewal of all computers is being done. That is all the nine computers for the CNC-
machines and the nine computers for the designers with the estimated cost of $5000 
each. 
 
All CAD- and CAM-licenses are to be replaced. There are 15 licenses each with the 
estimated price of $10000. 
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Three new CNC-machines are to be bought, with the cost of $2000000, $1000000 
respectively $250000. 
 
One person who was involved during the development in year 2 will come and work 
as a consultant full time for six months with a cost of 100 dollars per hour. Then, one 
week per person will be spent on learning the system and the new way to work, led by 
the consultant. 
 
One new salesman is being recruited with the annual salary of $58000, but he starts 
working in June, which increases the totally salary cost to an amount of $494000. 
 
The electrical cost will increase when more CNC-machines are bought. In this case it 
increases with another three shifts which alters the formula till: 
 (0,27+0,27+0,27)×7 = 5,6       (L) 

4 
The CNC-machines that was bought in year 0 have to be replaced. Six new ones are 
being bought, which gives the formula: 
2×2000+2×1000+2×250 = 6500      (M) 
 
The salary for the new salesman is now from January, which increases the total salary 
to an amount of $523000. 
 
Due to an even better organization (the result of the two new systems), the quality and 
efficiency will increase the total profit with another 55% on the CNC-CAD-CAM 
area and another 55% on the manual work area. This is based on the assumptions that: 

• The need for discussions about every day work between designers and 
operators will decrease greatly. A reasonable estimation of the improvement is 
50% less of communication than today, which gives 5% accordingly to 
arguments above. 

• The human error and misunderstandings will decrease. The estimated 
reduction is 50%, which gives 10% of reduction accordingly to arguments 
above. 

• The flexibility, the scheduling and the reaction speed will improve. This will 
make it much easier to foresee problems and delays and then deal with them, 
reschedule to make everything work. This will give happier costumers, more 
costumers and more jobs will be done. This could be estimated to shorten the 
lead time and increase the production value with 40% 

 
Since these percentages are founded on the data of today the new formula is like this: 
(G22+770)×0.55+0.55×305.397341 = 4934     (N) 
 
Three more machines are bought during year three and during year four the six CNC-
machines used since year zero are being replaced with new ones. This ads one extra 
term to the formula (K): 
3×(770/2)×(0.23×1+0.44×1.6+0.33×3)×1.2×1.1    (k5) 
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1.2 stands for production increase due to the reduction of set-up time due to newer 
machines. Since all machines from year zero are being replaced, all the terms that 
they are involved in are being multiplied with 1.2. 

7 
All computers are being replaced. 
 
The CNC-machines that was bought in year 3 have to be replaced. 
 
Since the CNC-machines are being replaced with new and more efficient machines 
there will be a similar decrease in set-up time and therefore a production increase, 
which is estimated to be the same, 20%. This puts another 1.2 multiplied  with the last 
term of the formula (K). 
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Appendix 12, software summary 
 
CAD 
 
 
Applications in 
software 

Inventor9 CATIA 5 Pro-engineer 
(Pro-e) 

Unigraphics 
(UniG) 

SolidWorks 

Part modelling  Yes  Yes 
 

Yes Yes Yes 

Assembly 
modelling 

Yes Yes, big 
capacity 

Yes Yes, big 
capacity 

Yes, up till 
tens of 
thousands parts 

2D drawing Yes Yes Yes Yes Yes 

Bill of material No Yes, as extra 
feature 

Yes, as extra 
feature 

Yes, as extra 
feature 

No 

File 
translating 

STEP, PS-
Exchange 
4 CAD 
translation 
Software 
and viewer 

STEP  
Have data 
translators as 
extra feature.  

STEP 
Have data 
translators as 
extra feature. 
 

STEP 
Have data 
translators as 
extra feature.  

STEP Preserve 
the value of 
DWG files and 
other legacy 
data with more 
then 20 built-in 
CAD file 
translators 

Compatibility 
CAM 

One way 
with three 
party 
CAM 

Totally 
compatibility 
with CATIA 
CAM 

Totally 
compatibility 
with Pro-e 
CAM 

Totally 
compatibility 
with UniG 
CAM 

One way with 
three party 
CAM 

CAM 
modelling 

No Yes, covers 
all specialized 
CAM 
applications 

Yes, some but 
not 
specialized in 
CAM 

Yes, covers 
all specialized 
CAM 
applications 

No 

Compatible 
with DelCam 

Yes, one 
way 

Yes, one way Yes, one way Yes, one way Yes, one way 

Training 
support 

Yes Yes Yes Yes Yes 

Technical 
support 

Yes Yes Yes Yes Yes 

User friendly Yes Yes, but 
needs some 
computer 
literate 

Yes Yes, but 
needs some 
computer 
literate 

Yes 

Economics Cheap, 
worth 
value 

Expensive Rather 
expensive 

Rather 
expensive 

cheap 
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CAM 
 DelCam CATIA Unigraphics EdgeCam 

User friendly Yes Yes Yes Yes 

Economics Cheap Expensive Rather 
expensive 

Rather cheap 

Compatible 
with Inventor 

Yes, third-
party 
software, 
compatible 
one way  

Probably, but 
no need. Will 
not have 
CATIA CAM 
part if don’t 
have CATIA 
for CAD 

Probably, but 
no need. Will 
not have Uni-
g CAM part if 
don’t have 
Uni-g for 
CAD 

Yes, third-
party program 
compatible 
with nearly all 
CAD 
software, one 
way though 

CAM 
strategist 

Not yet. Under 
development 

Yes  No, but 
developing 

Yes 

Tool 
applications 

 Mould, dies,  Mould, dies Mould, 
turning 

Simulation Yes Yes Yes Yes 

Training 
support 

Yes Yes Yes Yes 

Technical 
support 

Yes Yes Yes Yes 

User friendly Yes Yes, but need 
some 
computer 
literate 

Yes, but need 
some 
computer 
literate 

Yes 

Economics Cheap, worth 
value 

Expensive Expensive Rather cheap 
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