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Synopsis 
With approximately 77,000 employees around the world, the Electrolux Group is the 
largest producer of powered appliances for kitchen, cleaning and outdoor use. At 
Electrolux Home Products Plastics plant in Adelaide, South Australia, plastic parts for 
washing machines, dishwashers and tumble dryers are produced. 
 
The department has for a long time been struggling with direct labour efficiency 
numbers of 56-57%, which is considered too low. The objectives of this project were 
to find the reasons for the low efficiency and through improvement suggestions 
increase it to 75% with a stretched target of 85%.  
 
At first an overall study of the department was conducted through the method of 
Value mapping, which divides labour into Value adding and Non-value adding hours. 
This resulted in a Value chart showing that the biggest Non-value adding posts were 
Moulding scrap/ regrind/ rework, Transporting, Tea break, Material handling, Mould 
changing and Two operators – one paid. The investigation showed that the most 
important problem in the plant is the production reporting system, which is not user-
friendly and does not give correct data. For example the report system showed 40 
hours was spent moulding scrap for the week 10/09/04 to 17/09/04 and data from sent 
away rejects for the same week showed 135 hours. This information was showed to 
the management at Electrolux half way into the project and measures were taken in 
the areas of Moulding scrap/ regrind/ rework, Mould changing and Two operators – 
one paid. 
 
As a continuation of the project and a measure to the Value adding hours in the plant, 
the project group attended to a smaller task of increasing the efficiency and the robot 
utilisation on one machine, called the Machine #40 – project. The outcome was two 
suggestions on new layouts in the workstation. In the first solution one out of two 
operators can be removed since the layout is improved and the number of ancillary 
machines reduced. In the second solution both operators can be discharged on account 
of a new multi purpose machine that takes care of all processes in the workstation. 
This solution also includes increased utilisation of the robot serving the moulding 
machine. 
 
With the efficiency results of the Machine #40 – project, Solution 2 – No operator, 
and the subsequent projects of the Non-value adding hours Plastics plant will reach a 
direct labour efficiency of 69% meaning that the project goal is not achieved. This 
goal, however, can be discussed since the 85% target means that 23 operators out of 
75 would have to be left redundant. 
 
The recommendations from the project group is that Electrolux Plastics department 
implement Solution 2 – No operator on machine #40 and look further into automation 
on other machines. It is also advised that they improve the production reporting 
system and work to reduce the reject rate. Finally continuous mapping of the business 
is necessary to spot the areas lacking in efficiency.
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Abstract 
This thesis is preformed at Electrolux Plastics division in Adelaide, South Australia. 
The purpose is to increase the efficiency in the Plastic moulding operation, which has 
been struggling with low direct labour efficiency since the introduction of two new 
product families. The target is to improve the efficiency from 56% to 75% with a 
stretched goal of 85%. 
 
By using methods of mapping the organisation and dividing the production into Value 
adding and Non Value adding work, lacks in the efficiency has been found and 
suggestions on how to solve these problems made. Interviews, observations, 
theoretical studies, benchmarking visits and participation in production have been 
some of the used in order to make a reliable study.  
 
To improve the efficiency even more and to take the study one step further a sharp 
project “The machine #40 project” has been conducted as a step towards improving 
the efficiency at a certain machine by reducing the number of operators required in 
the operation. 
 
The study has resulted in three subsequent projects at Electrolux Plastics division and 
together with “The machine #40 project” the efficiency level reaches 69%, as a result 
of this thesis.
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   1. Introduction 

1 Introduction 
This chapter introduces the reader to the project, starting with the background and 
continuing with the objectives and the scope. 
 

1.1 Project background 
Electrolux’s plastic moulding area consists of 15 moulding machines operating three 
shifts per day for five days per week The department has for a long time been 
struggling with the operating direct labour efficiency and at the beginning of the 
project, the direct labour efficiency was 56-57%. The problems started when the new 
product families Westinghouse and Simpson-Lisa project, were introduced in the 
production in July 2003 and January 2004.  
 
Electrolux Plastics division does not know all the reasons for the low efficiency. 
People have ideas of where some of the problems are, and there is a small task force 
following up on these issues. There are reasons to believe that there are other deep-
rooted and yet to be discovered causes for poor efficiency.  
 
1.1.1 Background Machine #40 project 
As a part of looking at the over all efficiency at the Plastics division, Electrolux, the 
Machine #40 project discusses improvement of the already value adding hours. The 
project is an extension of, and one of the many projects, that was developed from 
Value mapping the Electrolux Plastics division (Chapter 7.1).  
 
In machine #40 four different parts are produced. The two major parts are Medium 
and Large Balance rings. The current operation of producing Balance rings requires 
two operators and is also partly automated with one robot. The robot tasks are few and 
the robot spends a lot of time waiting. At the moment the machine cycle time is 
operator dependent. This makes machine #40 a perfect candidate for increasing the 
efficiency in the department. 
 

1.2 Objectives 
The objective of the project will be to investigate the plastic moulding operations with 
the aim to find the problem areas and the reasons for the low efficiency. The critical 
areas are to be studied further and result in solutions for increasing the direct labour 
efficiency from currently 56-57 % to a minimum target of 75 % with a stretched target 
of 85%. 
 
First of all a study of the whole area will be performed, shortcomings will be looked 
for, and all losses will be summarised. By dividing the hours into which work is value 
adding and which work does not add any value, the Non-value adding factors can be 
decreased and the hours that actually add value to the production can be increased. 
The problem areas in the plant will then be established and the reasons for the 
problems identified. This includes what effect waste and reject have in the plant, how 
the work is organised and if the work is being done the best way possible. 
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   1. Introduction 
Consideration also has to be taken if, and how, efficiency could be improved with 
introducing justifiable automation and if the workforce can be decreased.  
 
Next step will be to formulate the areas of improvements and together with the project 
group decide what areas to attack more deeply. A number of areas to investigate 
further will be determined. The areas will be nominated after importance and one of 
the most important areas will be studied in greater detail. 
 
1.2.1 Objectives of the Machine #40 project 
Machine #40 is to be run with a maximum of one operator to increase the efficiency 
and take the overall project one step closer to the goal of 75-85 % efficiency. Two 
different solutions will be made; one solution reduces the number of operators to one, 
and another solution, where the cell is fully automated.  
 
The One-operator solution will be designed to fit the needs of the operator mentally 
and physically. Concerns to the robot/human interaction will be taken to make the 
workstation operator friendly. 
 
The fully automated solution will be design so that minimal extra workload will be 
necessary for forklift drivers or other workers in the plant. 
 
A report of these projects will be made and it will follow the standards of a Masters 
Thesis in Ergonomic Mechanical Engineering held at Luleå University of 
Technology, Sweden. The report will be presented to concerned people at Electrolux 
Australia, CAMR and Luleå University of Technology. 
 

1.3 Project scope 
Since the depth of this project is on a feasibility study level, only an examination of 
the problem areas and of their solutions will be conducted. Implementation of 
solutions is beyond the scope of the project.  
 
A wide examination of the problem areas will be conducted, but solutions will only be 
evolved in one area, the Machine # 40 project. These solutions will follow the policy 
of Electrolux’s two years payback period. Suggestions on solutions, however, will be 
presented in all problem areas of significance. The areas of non-value adding labour 
hours are to be studied widely and the value adding hours are only looked at to the 
extent of automation. Other than that the value adding hours are left out of the study. 
 
The project will basically be limited to the environmental policies and health and 
safety policies of Electrolux and the Australian Government. All solutions and 
suggestions will be developed with the operators’ ergonomic situation in 
consideration.  
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   1. Introduction 
1.3.1 Limitations on Machine #40 project 
Proposed solutions will fit in to the two years payback period that is used at 
Electrolux. The solutions shall be designed in a way that minimises extra workload on 
other workers in the plant, including forklift drivers and electricians. Every solution 
has to satisfy the set standards of quality and the cycle times of the machine and the 
ancillary will stay the same or be decreased. 
 
Only the Balance rings, medium and large, which are the main two parts being made 
in machine #40, have been taken in concern in this project. This is justified by the 
possibility of combining the other parts in the future work cell of the Balance rings. 
That is also the only operation that demands two operators. The scrap rate of the 
Balance rings also motivates a production change.  
 
The work environment for the operators will be overviewed in order to make the 
working area as satisfying and operator friendly as possible.
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  2. Methodology 

2 Methodology 
This chapter will describe the methods used to gather data and information to reach 
the goals and scopes of this project. The reliability and validity of the methods are 
discussed in Chapter 9, Discussion and conclusions. 
 

2.1 Research approach 
There are two main perspectives of conducting a research, inductive and conductive. 
The inductive perspective is based on observations, on which a theory is raised. The 
deductive approach begins with an analysis of the current status and then it evolves in 
a hypothesis. To reinforce the theory studied the hypotheses is then tested. To verify 
the hole theory is in feasible terms impossible.  
 
The depth of the research can vary from a specific case, a case study, to a superficial 
study of many cases. (Johnson & Karlsson, 1998 and Almgren, 1999) 
 
In this thesis, the inductive approach has been used, and it is based on a case study of 
the efficiency at Electrolux Plastics division, Adelaide, South Australia. 
 

2.2 Collection of Data 
In the work of this report the following methods have been used for collecting data: 

• Interviews 
o Semi structured  
o Unstructured 

• Software systems 
o Magman (Chapter 3.7.1) 
o Mattec (Chapter 3.7.2) 

• Participation in meetings 
• Participation in production 
• Time studies (Appendix 8) 
• Work sampling (Appendix 5) 
• Benchmarking (Appendix 2) 

o Philmac Pty Ltd 
o Air International 
o Holden 
o Caroma Industries 

• Document studies 
o Personnel statistics 
o Health statistics 
o Time studies 
o Drawings 
o Efficiency follow-up 
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  2. Methodology 
2.3 The Project Spiral 
A successful project results in reaching the goals of the project in time without 
exceeding the budget. This requires a great amount of planning and a good 
organisation. There are a lot of different methods to use in order to reach that goal and 
the one used in this project is presented in “Att arbeta i projekt” by Ranhagen (1995).  
 
The method consists of a project circle made by eight steps but the feasibility study 
part only contains six steps.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 

4 

5 

6 2 

3 

1. Project planning 
2. Make diagnoses 
3. Formulate objectives and requirements 
4. Look for alternatives 
5. Valuate and choose alternative 
6. Detailing the chosen alternative  

Figure 2.1: The Project Spiral, Ranhagen (1995) 
 
It is recommended to finish this lap at least three times, each lap with different focus. 
This distinguishes a learning project and gives the opportunity to keep all phases of 
the project alive and adjustable through the project.  
 
Lap 1: Focus on Project planning and diagnoses 
Lap 2: Focus on Alternatives, objectives and requirements 
Lap 3: Focus on Valuation, choice of alternatives and detailing  
(Ranhagen, 1995) 
 

2.4 Mapping the organisation 
Mapping is used as a tool of getting to know a company or an organisation, in order to 
understand it and thereby improve it. By dividing the business into different 
categories of interest usable information can be gained. 
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  2. Methodology 
2.4.1 Process mapping 
Process maps and flow charts show the sequence of the events that act on a product 
and answer the question: What is being made to the product? To be able to answer 
this question it is a must to set boundaries. The boundaries can be a work-cell or a 
department. Process mapping is also most useful at a micro or macro level, meaning 
that you show the process on a large or a small scale. 
(www.strategosinc.com/mpping1.html) 
 
2.4.2 Value stream mapping 
 

"...the set of all the specific actions required to bring a specific product through the 
three critical management tasks of any business: …problem solving, …information 

management, …physical transformation” 
 
(Defined by Womack and Jones in Chaneski, 2004) 
 
Value Stream Mapping (VSM) is a visualisation tool oriented to the Toyota version of 
Lean Manufacturing, Toyota Production System. It helps understanding and 
streamlining work processes using the tools and techniques of Lean Manufacturing 
It can be used to depict the relationship between the time spent value-adding and 
process waste. (Chaneski, 2004)  
 
In the work of mapping the organisation, one tool to use is Value stream mapping 
which divides work into Value adding and Non-value adding. A definition of Value 
adding can be:   
 

“The increase in market value resulting from an alteration of the form, location or 
availability of a product, excluding the cost off materials and services.” 

 
(ICMA, 1974) 
 
 
 
 
 
 
 
 
. 
 
 

Manufacturing 
system 

Value added by 
processing 

Raw material 

Product 

Profit 

Figure 2.2: Basic model of manufacturing system adding value (Scallan, 2003) 
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  2. Methodology 
To use the value stream mapping as a tool to depict the non-value adding and the 
value adding time in the production process it is important to have accurate definitions 
on what activities that adds value and what does not. 
 
Occasionally it is unclear whether an event is value adding or not, some useful 
questions provided by Strategos (2004) are; 
 
 

• If the costumer observed the event would he balk at paying its 
costs? 
 –If so, the event probably doesn’t add value. 

• If the event were eliminated, would the costumer know the 
difference? 
-If not, then the event probably doesn’t add value. 

 
 
 
 
 
 
 
 
Taiichi Ohno defined seven common forms of waste: 
 

• Production of gods not yet ordered 
• Waiting 
• Rectification of mistakes 
• Excess processing 
• Excess movement  
• Excess transport 
• Excess stock 

 
It is common to find that less then 5% of activities in manufacturing actually add 
value, 35% are necessary non-value adding activities and 60% adds no value at all. It 
is easy to see the steps that add value but not as easy to see the waste that surrounds 
them. Most common is to improve and optimise the single performances of machines, 
making it necessary to make bigger stores and batches. (Jones and more 1997) 
 

2.5 Interviews 
Interviewing is the most widely used method to gather information about a company, 
a factory or a specific work task. It is useful for identifying areas for more detailed 
analyses. 
 
There are three different kinds of interview techniques; unstructured, semi-structured 
and structured interviews. Unstructured interviews are often used when the 
interviewer does not have much information on the topic. The questions here are 
open-ended, which means that the interviewee is supposed to give more of an 
explanation rather than a “yes or no” answer. Semi-structured interviewing is useful 
in situations where broad issues may be understood, but the range of the respondents’ 
reactions to these issues is not known or suspected to be incomplete. Structured 
interviewing should only be carried out when the respondents’ range of replies is well 
known and there is a need to gauge the strength of each shade of opinion. 
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  2. Methodology 
The benefits of this method is that it gives the interviewee a feeling that their opinion 
has been taken account of, and this might encourage cooperation. One of the limits is 
that what people say often differs from what they do and also the perception of an 
issue can be a lot different from the reality. (www.ucc.ie, 2004) 

2.6 Work studies 
According to Whitmore (1970) the method of activity sampling is defined with the 
following words: 
  

“Activity sampling is a method of determining the time taken by a particular 
activity by taking a random sample of the period during which 

the activity is being carried out.” 
 
This method is often used when it is necessary to make observations of processes and 
activities over a long period, or to observe machines or operators simultaneously. It is 
based on random observations of activities with the knowledge that the results will be 
correct if the study is preformed within a certain period of time. The accuracy is not as 
good as it would be in a standard time study, but it gives a hint of how time is spent 
over the measured time period (Whitmore, 1970). 
 
First, a pilot study should be carried out. This gives a rough estimate of the proportion 
of time occupied by the particular activity. Then the required accuracy is decided and 
after this random times are obtained for the required number of observations. Random 
times or numbers can be obtained from various computer programmes or the 
telephone directory. The next step is to make observations at the selected times and 
record them on a chart.  
 
The Random activity sampling is a good method if the observation time is long. If the 
observation time is short, or the work content is random, systematic sampling can be 
just as accurate (Whitmore, 1970). 
 

2.7 Course of action 
As a way of getting to know Electrolux Plastics division, a few days were spent in the 
production line in the beginning of the project. Then a time plan and project 
specification could be made and the project has since then followed the methods of 
“The project spiral” explained in Chapter 2.3: Methodology, “The Project Spiral”.  
 
To find out where the big losses of efficiency are, the method of “ Value Mapping” 
has been used. This is a tool that divides the working hours into value adding and non-
value adding. The method is further explained in Chapter 2.4: Methodology, 
“Mapping the organization”. This work resulted in a Value chart (Appendix 1) that 
perspicuously shows the value adding and non-value adding work hours of the 
Plastics department during the week of 10/09/04 to 17/09/04.  
 
Once the big non-value adding factors were defined, evaluation of the reasons was 
made and the top six factors were taken in concern.  
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  2. Methodology 
 

Evaluation 
Value mapping 

Analysis 

Problem

Projects

Solutions 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3: Map of project approach 
 
Suggestions to solutions and suggestions to future projects concerning these six 
factors were presented to Electrolux representatives and our supervisor and mentor at 
CAMR, University of South Australia. Together with them decisions on how to 
continue the work and how to follow up the presented projects were made. One of the 
projects, a study of machine #40 and the increase of its’ robot utilization, was 
assigned to us for further study. The study “Machine # 40 project” is connected to 
value adding hours and automation, and is the only way in which we have considered 
the efficiency of the value adding hours. 
 
Methods such as Work studies (Chapter 2.6), time studies, observations and 
interviews were used in order to survey the hours of the Mould shop.  
 
Interviews have continuously been used as a method to gather information. Semi-
structured and unstructured interviews were found to be the most suitable techniques.  
Roughly around fifty people have been interviewed during the course of this project. 
 
In order to correctly map the working hours of the Diesetters and mould technician, 
Random activity sampling has been used as a method of Work sampling. It was 
chosen due to the characteristics of the work studied and the time frame of the survey. 
First a Pilot study was carried out in order to set the significant labels of the work 
tasks. Then the actual sampling was conducted during three days. 
 
Benchmarking visits were conducted at Holden, Caroma Industries, Air International 
and Philmac (Appendix 2). Together with theoretical studies and knowledge gained 
throughout our engineering education, this has been the base of the results made in 
this thesis. The theoretical studies were made in the areas of manufacturing, statistics, 
automation and information gathering techniques.   
 
During the project, there has been continuous presentations and contact with 
Electrolux representatives, supervisors at CAMR, University of South Australia and 
Luleå University of Technology. We have also kept close contact with our Electrolux 
supervisor and mentor, Brenton Hobby, Plant Project engineer at Electrolux Washing 
plant.
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3 Presentation of Electrolux 
This chapter will shortly describe the origin of the worldwide company Electrolux and 
also give a detailed account of the business at the Plastics plant in Beverly, South 
Australia.  
 

3.1 History  
The name Electrolux is a combination of “Elektromekaniska” and “Lux”, and was 
founded in 1919. Lux was established in 1901 and was the company who launched the 
Lux-lamp. Elektromekaniska was started ten years later and through collaboration 
they started to produce the first vacuum cleaner in 1912. 
 
In 1922 AB Elektrolux, as they were called, started to produce a Swedish invention 
“D-fridge” a solution to the problem of keeping fresh foods at home, the refrigerator. 
In 1944 washing machines was the new breakthrough in the product area. The 
increasing production abroad and export led to a name change in 1957, Elektrolux 
became Electrolux.  
 
By 1984 Electrolux was the European leader in the market for household equipments.     
 
The Electrolux mission: 
 

“The Electrolux mission is to be the world leader in profitably marketing innovative 
product and service solutions to real problems, thereby making the personal and 

professional lives of our customers easier and more enjoyable.” 
 
(www.electrolux.com, 2004) 
 

3.2 Worldwide Electrolux 
With sales of SEK 124 billion, the Electrolux Group is the world's largest producer of 
powered appliances for kitchen, cleaning and outdoor use. Electrolux is also one of 
the largest producers in the world of similar equipment for professional users. In 2003 
Professional Products accounted for 15% and Consumer Durables the remaining 85%. 
The same year net sales reached 124,077 SEKm and the average number of 
employees was 77,140.  
 
Approximately 55 million Electrolux Group products, such as refrigerators, cookers, 
washing machines, vacuum cleaners, chain saws and lawn mowers, are sold each year 
in more than 150 countries around the world.  
 
The international head office is in Stockholm, Sweden and the Australia and New 
Zealand head office is in Sydney. In Australia, washing products, cooking products, 
refrigerators and freezers are made. Manufacturing is concentrated to Adelaide, South 
Australia with the exception of Orange, New South Wales where they make freezers 
and refrigerators. (www.electrolux.com, 2004) 
 

Catarina Bölin & Pernilla Forsberg  18 

http://www.electrolux.com
http://www.electrolux.com


  3. Presentation 
In Adelaide, the organisation is mainly sectioned into three different divisions: 
Washing products, Dishwashing products and Cooking products. Each division has 
their own manager. The company also have a Human Resource department, a Health 
centre and Research and Development divisions. 
 
At the Beverly plant, located in the northwest of Adelaide, approximately 250,000 
washing machines and 200,000 tumble-dryers are produced every year. These two 
manufacturing areas are, respectively, 17,000 and 6,770 square metre and the site is 
approximately 84,000 square metres. The Plastics division have a production area of 
11,200 square metres at the same site.  

3.3 Competitors 
Electrolux is the worlds biggest makers of household appliances, but as well as their 
competitors they have been struggling lately with high steel and energy prices.  
 
Electrolux has been closing down plants in United States, Sweden and France to 
offset fierce price competition from rivals like Whirlpool, Maytag, Haier and LG. 
They have also been moving some manufacturing to low-cost countries in Eastern 
Europe and Asia. Electrolux is currently trying to deal with competition by speeding 
up out efforts, address underperformance and produce a stronger offering. 
(www.reuters.com, 2004) 
 
Electrolux Plastic department is currently manufacturing most of the plastic parts for 
Electrolux Home Products, Australia. A minor plastics company, Exacto, which is 
also located in Beverly, Adelaide, makes the other components. 
 

3.4 Plastics department, Beverly, South Australia 
The Plastics division produces parts for Washers and Dryers as well as some parts for 
the Dishwashers and Cookers division. Approximately 70 % of the products are made 
for washing machines, 22 % for dryers and the remaining 8 % are sent to the Cookers 
and Dishwashers plant in other parts of Adelaide.  
 
The brands of laundry products made in Plastics are Westinghouse, Simpson and 
Hoover. Westinghouse was the first mass white goods brand in Australia and it is 
synonymous with superior performance, innovation and reliability. The Simpson 
product family has an approach of easy-going and fun loving, the prices of the end 
product is between those of Westinghouse and Hoover. The low-price brand is 
Hoover but these products are also trusted in the laundry for their proven technology 
and reliability.  
 
All three brands come in two different sizes, medium and large, which has to do with 
how many kilos of clothes the washing machine can handle. Westinghouse also has 
two different series; one with a solid lid and one that has got a glass lid and these are 
both produced at the Plastics department in Beverly. 
 
The other brands made in Plastics, Chef and Dishlex, are linked to the kitchen product 
range. 
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3.5 Production 
In this chapter the production and material flow in the Plastics operation will be 
treated. Also the production methods, at Electrolux inspired by the Toyota Production 
Systems (Takahashi, Nakamura & Izumi, 1997), are described. 
 
3.5.1 Production Flow 
The Plastics department is divided into three different sections, Pad print, Mould shop 
and the Bowl conveyor. The products are all made through injection moulding, 
allowing a big spectrum of sizes and complexity (Chapter 6.1). The operators’ tasks 
are mainly handling the machines, quality checking, trimming, packing and some 
assembly work.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mould shop

Raw material

Material 
room 

Regrind

Storage 

Inspection 

Pad print 

To 
customer 

19 20 22

27 30 31 

32 33 34 

35 36 37 

38 39 40 

Inspection 

Figure 3.1: Production flow chart 
 
After packing, the parts are stored for 3 to 5 days. The medium and large bowls have 
to cure in the store for 24 hours because of the material quality. Concerning the pad 
printed parts; they have to cure for 24 hours as well so that the ink would not be 
peeled off during later handling. 
 
There are two main stores; one holds parts to be loaded on the Bowl conveyor 
(explained below) and one hold the remaining parts and the raw material (Appendix 3 
– Drawing of plant).  
 
From the store, some products are transported to the Pad print division, where the text 
is printed on to, for example the top panel of a washing machine or range hood. 
Approximately 51,500 parts are Pad printed every month; 43,500 parts from the 
Mould shop and 8,000 parts moulded at Exacto. The other products are sent to one of 
the four costumers, Washers, Dryers, Dishwashers or Cookers. Since the washing 
machine manufacturing is placed at the same site as Plastics, some Washing parts are 
loaded on a conveyor line that runs through both premises (Appendix 4 – Drawing of 
Plastics and Washers plants). Here parts for the washing machine bowls (where the 
clothes are put) are loaded sequentially to the conveyor, called the Bowl conveyor.  
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When producing plastic products, there is a risk that some parts will be rejected due to 
bad quality. At Electrolux Plastics plant as much rejects as possible are pursued to be 
recycled.  
 
3.5.2 Kanban system 
The Plastic moulding department uses the Kanban system, which is a method of 
streamlining the production flow and minimize buffers. (Chapter 6.2) The withdrawal, 
or pull system, is used in the production at Electrolux.  
 
In the Mould shop there is one Kanban board for material and two for parts. When 
material is used or parts sent off to customers, the Kanban returns to the board. Of the 
two Kanban boards for the parts, one is for the four automatic machines and one for 
the other machines. This is because the automatics make so many parts; 
approximately 80 % of all material.  
 
The Kanbans for the parts are handled manually and the production planner on a daily 
basis checks the board. When there is three days of stock left in the store, the Kanbans 
shows that it is time to run the job. This information is used to plan which machine is 
running which job and if any overtime work is needed. 
 
The material Kanbans are handled through a scanning system, which sends a facsimile 
to the supplier when material is needed. Different suppliers want different ordering 
cycles; some delivers daily and some once a week. The process of the material 
Kanbans is run by the production planner and the Kanban coordinator.  
 
3.5.3 Material flow 
The raw material consists of plastic pellets made from different types of plastic 
material. The most common materials are loaded into silos outside the factory. The 
other raw material comes in bags of 35 kilos to one tonne and is loaded into allocated 
areas in the store. From there, it is transported by forklifts to a specific material room 
where it is dried and mixed with additional materials for different colours and 
qualities. The raw material is then distributed out to the machines through overhead 
pipes. The pipes are worn out approximately every twelve months because the pellets 
are quite rough.  
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Figure 3.2: Material room and material distribution system 
 
3.5.4 Machinery 
At the Plastics department there are fifteen plastic moulding machines. Most of them 
are from the end of the 1990’s but some are older, for example machine #19 from 
1976. Because of the age this machine requires a lot of maintenance. Another old 
machine is #27, which is worn out from the glass fillet nylon material run there.  
 
The tonnage of the machines lies between 80 and 1600. The four smallest ones are 
automatics and produce 80 % of all material. Some of the jobs are run in more than 
one machine because 80 % of the tools fit two or more machines. 20 % of the tools 
only fit one specific machine. 
 
Except for the small automatics, five other machines are partly automated. One has 
got conveyor based handling of the parts and does not require operator surveillance. 
Four of them have robots that pick the moulded parts out of the machine and put it on 
a conveyor belt for an operator to finish the process.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur 3.3: Plastic injection moulding machines 
 

Machine no.  Number of operators  Number of parts  Year of manufacture 
 
# 19:    1 operator   7 different parts  1976 
# 20:    1 operator   12 different parts  1980 
# 22:    Auto or 1 operator  42 different parts  1986 
# 27:    1 operator   6 different parts  1987 
# 30:    1 operator   24 different parts  1985 
# 31:    1 operator   10 different parts  1998 
# 32:    2 operator    8 different parts  1998 
# 33:    Auto or 1 operator  52 different parts  1998 
# 34:    Auto or 1 operator  17 different parts  1998 
# 35:    1 or 2 operators   11 different parts  1999 
# 36:    1 operator   56 different parts  1999 
# 37:    Auto or 1 operator  40 different parts  1999 
# 38:    Auto or 1 operator  18 different parts  1999 
# 39:    1 operator   3 different parts  1995 
# 40:    1 or 2 operators   6 different parts  2002 

Figure 3.3: Machine inventory 
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3.6 Organisation 
This chapter describes the work organisation and personnel data of the Plastics 
division as it was in August 2004. Some small changes in the number of employees 
have been made since then. 
 
3.6.1 Personnel 
According to data from August 2004, the total number of employees is 98. Members 
of the management staff stand for 9 of these. 58 % of all the employees are men. 
There are no women in the management staff. Between August -03 and August –04 
the number of terminated employees reaches nine. The average age is 42,5 years. 
 
In Australia, it is common to have employees that are called in on peak season or 
production emergencies. These are called casuals and do not have the same 
stipulations regarding leave or sick days. Electrolux Plastics, today, does not have any 
casuals employed. 
 
The number of visitors to the company Health centre for the year of 2003 was 66 
people from the Plastics department. The most common injuries was recorded as; 
traumatic sprain or strain, repetitive work injury and cuts. These three injuries was the 
top three in the year of 2002 as well. The numbers for 2004 show a decrease in health 
and safety visits at the department. 
 
3.6.2 Production 
The production in the Mould shop and at the conveyor runs through three shifts, 
running the machines constantly on weekdays. Day shift runs from 7.24am to 3.56 
pm, afternoon shift from 3.47pm to 11.06pm and the night shift from 11pm to 
7.30am. Thus there is a 6-minute overlap at the shift changes for the operators and 
team leaders to be informed of problems by the predecessor. If necessary, some 
machines are operated on overtime on weekends. 
 
Work rotation is used and scheduled in the Mould shop and the Bowl conveyor, with 
three rotations at day and night shift and two rotations at afternoon shift.  
 
The operators work eight hours a day but only 38 hours a week. The two extra hours 
result in a day off once a month. Everyday there is half an hour lunch and a ten 
minutes tea break in the mornings. During these times, as well as toilet breaks, 
substitutes take over and the machines can keep on running. To get the relieving to 
happen within a reasonable time, it simultaneously takes place at four spots. The same 
procedure occurs when there is time for work rotation. The relieving is a part of the 
Diesetters’, forklift drivers’, regrind operator’ and Team leaders’ job. 
 
The operators in Pad print work day shift; 6.30am to 3pm and they swhich 
workstations every day instead of every two hours.  
 
There are 69 people working in the production, 4 in pad print, 60 in the Mould shop 
and 5 at the bowl conveyor. All employees work as a part of a team coached by a 
team leader. A supervisor co-ordinates the different teams and reports to the Plastic 
departments manager. 
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Figure 3.4: Organisational map 
 
Morning meetings 
Every morning the manager of Plastics holds a standing meeting at the Plastics office. 
People from the tool room, Diesetters, Shift supervisors, Team leaders, Production 
planners and directors of the washing manufacturing and plant maintenance are 
attending and everyone get to air their opinions. Issues discussed are for example 
customer building rates, upcoming events and production problems.  
 
Shift supervisor 
There are three Shift supervisors that together with the Team leaders every day goes 
through which machines are running and which are not. They also resolve which 
operator will be working at which machine; this list is then put up where everybody 
can see it. Apart from these tasks, the Shift supervisor generally looks after the 
production personnel and does trouble shooting in cooperation with Team leaders, 
Diesetters, Mould technicians and maintenance workers.  
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Team leader 
The Team leader does quality checkups four times a day. That includes reviewing the 
machine to see if anything is wrong, check that the material is labelled correctly and 
look if the operator needs any particular equipment. Relieving is also a part of the 
Team leaders’ job. 
 
Diesetters / Mould technicians 
The Mould technicians’ job consists of trouble shooting, checking the cycle times of 
the machine and helping out the Diesetters. Approximately 80 % of the day is spent 
mould changing or helping to set the dies. The Diesetters’ main task is the mould 
change, but they also do safety checks of jigs and cranes. They also prepare the 
machines for the toolmakers and get them ready for trials. Some trouble shooting and 
relieving operators is also a part of the Diesetters’ job. 
 
Transporting/ Material handlers 
Material handling such as forklift driving and preparing raw material for the 
distributing machine is done by three Material handlers on day shift and two on 
afternoon and night shifts. One post is hold to handle the raw material that is going to 
the machines and cleaning the hoppers when preparing for a new mould etc, and the 
other operators drive the forklifts. One operator on each shift is dedicated to drive a 
fork truck. This person serves all of the machines but #36 and #39, and also helps the 
Diesetters re-arrange the work area when doing mould changes.  
 
One person, operating only on day shift, drives a fork truck for the Bowl conveyor 
and machines #36 and #39. This means supplying the parts that goes on the conveyor 
and remove empty pallets and cardboard boxes. Also collecting pallets by #36 and 
#39, which make bowls, is a part of this material handler’s job.  
 
Regrind operators 
Most of the scrap at Electrolux Plastics division is reground into small pellets similar 
to the raw material and some is sent to re-granulated service to be recycled at a better 
quality. The reground material is then bought back and mixed with the virgin raw 
material, approximately in the relation 20/80. One operator does the regrinding and 
also controls the reject sent to other companies as well as the waist that could not be 
recycled. The regrinding takes approximately 75 % of the time per shift, running only 
day and afternoon shift. For the rest of the day the operator fills in on the store, the 
material handling or helps relieving Mould shop operators. 
 
Pad print Team leader and operators 
After being printed, the parts are run through a heater to get the ink to affix properly 
to the plastic surface. Subsequently the parts are quality checked, packed and sent to 
the customers. The Team leader in Pad print starts a day with checking if the storage 
has enough parts for a day’s production, then the machines are set up and after this he 
or she work with production for the rest of the day. In addition the Team leader drives 
the forklift when printed parts are transported to the store and when new parts are 
brought to the printing room. He or she also helps cleaning the tools and ink trays at 
the end of the day.  
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The Pad print operators have similar obligations; the day consists of setting up the 
machines, running the machines and cleaning the tools and ink trays at the end of the 
day. 
 
The Bowl conveyor 
Three people are working at the Bowl conveyor; one drives fork truck (see above; 
“Transporting/ Material handlers”) and two loads the conveyor. Approximately 1160 
parts are loaded sequentially onto the conveyor every day on a three-shift basis. 
 

3.7 Production software systems 
At Electrolux Plastics division two different software systems for monitoring the 
production are used. These are called Mattec and Magman. 
 
3.7.1 Mattec 
To record the activities in the machines an information system called Mattec is used. 
Mattec is a real time monitoring system connected to the moulding machines and can 
record the machine cycle time and show reports of down time, rejects and production 
planning. A Machine Interface Unit (MIU) is attached to every machine; here the 
operators are supposed to key in certain data, for example the number of, and reasons 
for rejects. Parts that are not recorded as a reject are registered as good parts in the 
Mattec system. Reasons for down times are also facts that have to be typed in; 
operators, Diesetters or Mould technicians, can do this. Mattec also contains a calling-
for-help selection in case the operators have any problems. Job standards command 
allows the operator to look at the last 50 cycles to see how the job is going. There is 
also one big monitor, placed in the workshop and observable to all operators, telling 
the current cycle times for every machine and sending out visual warnings if the times 
are too long or to short.  
 
Mattec is a programme used to give an internal measure of the Mould shop efficiency 
and the staff in order to do production planning and follow-ups can read any 
information recorded by this system. 
 
3.7.2 Magman 
If Mattec was the internal measurement, Magman can be seen as the external 
measurement on efficiency. Magman can supply information about how many 
products that has been built at the Washing plant. Information about parts, costs, 
labour hours and cycle times can also be taken from Magman. Magman can be used to 
find out which materials that are used in certain parts or which parts a certain 
assembly is built by.  
 
Magman is frequently used by the Production planner and also by the Tooling 
engineers. 
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3.8 Efficiency 
At the Plastics division the measure of efficiency comes from the data recorded in 
Magman, which is the external measurement. This means that the efficiency is 
dependent on the number of labour hours that the Plastics department pays for, and 
the number of hours spent producing the parts that the washing machines built in the 
Washing plant contains. 
 
 
 
 
 
 
 
 

Efficiency 
Labour hours paid 

Hours produced in Washers Plant 

Figure 3.5: Efficiency formula used at the Electrolux Plastics department 
 
Time studies are frequently made as a method of mapping the efficiency and almost 
every job done has got at least one time study made. When a time study has been 
preformed, the engineers together with the Plastics manager analyse the result and, if 
improvements can be made, review the moulding cycle time or the layout of the 
workstation. In the time studies, a 14.5 % allowance is always added to the actual 
times in order to compensate for personal time. No extra time is added to the 
machines or robots.    
 
The machine utilization in the Plastics plant cannot be 100 % due to a 14.5 % set 
standard of down time, which is accepted in Australia. This down time includes: 
 

• Try out time (try out new materials, new moulds) 
• Mould changes 
• Problems with the mould 
• Other  

 

3.9 Machine #40 
Four different parts are made in machine #40:  

• Balance rings, Large 
• Balance rings, Medium 
• COB, Medium  
• Lid Westinghouse, Medium  

 
Two kinds of bins are also made in the machine. These are often made on overtime 
and do not effect the other production. 
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Medium Balance ring Large Balance ring

Figure 3.6:  Medium and Large Balance rings. 
 
Approximately 62% of the parts made in this machine are Balance rings. At the 
moment this job requires two operators and one robot on every shift. The Balance 
rings are made in a two-cavity tool, which means that two parts are made in the same 
mould. In this case that is the top and the bottom of the Balance ring. The machine is 
the same, just using different tools. The tools are approximately 20 years old and are 
designed with the system of cold runners, which means sprues are still attached to the 
part when it comes out of the mould. Only one size of the Balance ring can be run in 
the machine at the same time. The two different sizes are run in separated areas and 
the work cell is changed simultaneously as the mould is changed. The ancillaries used 
are allocated to one of the sizes, meaning there are two sets of equipment, one for 
each part size. The ancillaries are movable, however, so the workstations can be 
changed to run other jobs. 
 
 

 
 

Production area 
Medium Balance 

Rings 

 
Figure 3.7: Current layout of the machine #40 work cell 
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The robot is used to pick the part from the machine and put it on a conveyor belt. The 
first operator picks the part from the conveyor belt, separates the two cavities, cuts 
sprues and trims it. Trimming of the parts is necessary to stand up to the quality 
requirements, and is due to lack in the tooling. 
 
The two parts are then put in a welding machine. After welding the part cools for a 
few cycles. Then the second operator tests the part for leaks and puts it in a fixture 
that fills it with a saltwater solution. In this machine, a bung is also welded 
ultrasonically to the ring to close it up. 
 
The part is then weighed and put on a pallet. A pallet with Large Balance rings gets 
loaded with 15 layers of 4 rings per layer and Medium Balance rings 18 layers of 5 
parts per layer. 
 
The moulding cycle times are set to 1.0 minute for the Large Balance rings and 0.85 
minutes for the Medium.  
 
3.9.1 Welding 
After the operator has trimmed the part it is put into a welder. The parts are hot plate 
welded, which means that they are pressed against a hot plate and then pushed 
together. The operator fits the top and the bottom into a fixture with the bottom up and 
the top down. The two parts gets separated and a hotplate emerges between the parts. 
The parts are then welded together and the operator can remove the Balance ring. The 
welding time is depending on the size of Balance ring (Table 3.1). 
 
The fixtures in the welding machine are designed to fit a newly moulded part that is 
still warm and therefore has a different size than a cooled part. 
 
3.9.2 Testing 
To assure the quality of the welded part, it is tested in water filled bath. The operator 
fits the welded part into a fixture for a visual leak test. The part gets filled with air and 
put below the water surface, if there are any leaks bubbles will occur. The part is left 
in the tester for a cycle, which means that while the operator does the other steps in 
the process, for example filling and palletising, the part is still in the tester.  
 
3.9.3 Filling and sealing 
Once the part has been tested for leaks it is filled with salt water, called saline 
solution. The operator moves the part from the leak tester and into another machine 
for filling and sealing. The amount of saline in the ring will affect the momentum of 
the spinning movement in the washing machine and is therefore important to the 
function of the final product. The amount of saline solution is controlled 
automatically. 
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Once the Balance ring is filled, the operator will fit a bung to the filling hole and press 
a button for ultra sonic welding to seal the Balance ring. The filling and sealing 
operations takes place in the same machine.  
 
 

Operation Cycle time L/M [mins] 
Welding 0.747 / 0.566 
Testing 0.798 / 0.795 (+14,5% allowance) 
Filling 0.384 / 0.45 

 
 
Table 3.1: Cycle times for the machines and equipment (Time studies Electrolux, 2002) 
 
3.9.4 Robot 
The robot is a FANUC M-16i and was bought in 1999. It has a maximum velocity of 
2,000 mm/second and the maximum load is 16 kg but is dependent on the load centre.  
Only a further 10 inputs and 1 output are available in the robot, and the PLC - the 
interface between the robot and the machine, has got 2 spare inputs and 3 spare 
outputs. The robot reach is limited to 1.6 meters. 
 
3.9.5 Quality 
The rate of scrap has been high in the Balance ring production with welding and tools 
as the main reasons. As a step towards minimising rejects there has been discussions 
of buying new tools and welders. Trimming the part is due to a tooling problem and is 
mainly a result of the tools being worn out. Also, the parts that fail the leak test are 
usually results of bad welding.  
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4 Account of the future business 
At Electrolux, Plastics division there are several engineering teams working to 
continuously develop the company and the process. In this chapter the plans that 
Electrolux Plastics divisions have for the future will be presented, and the plans of 
development explained. 
 
Every year a new model of at least one of the product families is introduced as a result 
of technical advance. This time the introduction is a new dryer and it will also result 
in a new machine to be able to fit the tools that the products require. The new machine 
is an 850 tonne injection-moulding machine. 
 
There are also plans of retirement of a machine, #27, which at the moment run parts 
that requires material fillings that are rough on the machine. There are thoughts about 
replacing the glass fillet material with pressed steel that would make machine #27 
superfluous. Machine #27 also needs electronic upgrade and depending on the cost for 
this it might be retired instead. The oldest machine in the Mould shop, #19, is to be 
replaced within the next two years as well.  
 
Changes of the parts that now are the high volume products will also affect the 
production and change the machine workload on some of the machines.  
 
In January 2005, a few changes will be made to the Bowl conveyor. The speed of it 
will be increased and it will only run during dayshift. The changes are made due to the 
changes at the Washers plant. They will change their build of 1150/day on three shifts 
to running day shift only. This will lead to a change of the layout and one additional 
operator on the line. The workload for the forklift driver will be too big and another 
driver has to assist. Together they will be responsible for the transportation on 
machine #36, #39 and the bowl conveyor. This will also affect the sizes of the 
storages for Bowls, Agitators and other parts used on the Bowl conveyor. 
 
The opportunity of outsourcing all regrind work to PGS, is under process and the plan 
is to have this arranged by the end of 2004. This looks as a cheaper way of taking care 
of the scrap and will also be a way to release one and a half operators and a lot of 
space in the plant. One of the operators will be driving the forklift on the Bowl 
conveyor half time and be responsible for the regrind handling the other half. This 
will also mean that the area currently used for regrind will be free for new usage. 
 
There is a constant effort made to try to reduce the work labour and increase the 
efficiency in the Plastics division in order to make Electrolux more compatible as the 
business climate in the industry is hard (Chapter 3.3 “Competitors”). 
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4.1 Future of Machine #40  
There are no plans in changing the production at machine #40. However, a new 
washing machine model is being introduced early next year and as a result of this a 
new moulding machine will be purchased in January/ February 2005. These changes 
might affect the workload on machine #40 as a result of changes in the production.  
 
The production forecast of November –04 to November –05 shows that 358 hours of 
overtime will be required to reach the set amount of products for next year. This time 
does not include any downtime, such as time for mould change, producing rejects or 
other stops to the machine. (Chapter 5.6.7 “Production”, Table 5.1). The overtime is 
normally set to jobs that require one operator, only to minimize the costs. 
 
The Balance rings are an essential part of a washing machine and will probably be 
necessary for a few years. The design of the Balance ring is the only variety to expect 
in the next few years. The changes of the design are still on a development level and 
are not determined yet, but will probably be seen on models within a two-year period. 
The planned changes will not affect the process of producing the Balance rings other 
then the design of the tool. The design changes discussed are changes in height and in 
the attachment mechanism, when the Balance ring gets attached to the spin bowl.
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5 Analysis 
In this chapter analyses and own opinions have been added to the account of the 
Electrolux Plastics business.  

5.1 Production 
The production at the Plastics division manufacturing area is mainly machine 
operating, assembly work is not common. Supporting areas as, Maintenance, Tooling, 
Transport, Material handling and Diesetting all play a key roll in making the business 
work. The Pad print area is in many way separated from the rest of the manufacturing. 
 
5.1.1 Production flow 
The three different departments in the Plastics division are to some parts separate 
from each other. Pad print works as a different section as the work rotation does not 
involve the Pad print personnel.  
 
If the work here is running smoothly it is not complicated, but if a problem shows up 
it often requires a lot of work experience to resolve and the same situation almost 
never shows up twice. Setting the machines and switching the ink trays and jigs are a 
time-consuming work and it requires many adjustments and trials. Because of this 
complicated procedure, often the same kind of part is printed for the whole day. To 
provide work for the pad printing area the storage has to hold enough parts for the big 
batches. This leads to a lack of space in the storage and as a result of that they often 
use the Pad printing area as an extra storage 
 
The bowl conveyor can be seen as a third store as it gets loaded with parts at the 
Plastics plant and gets unloaded with parts when they are needed at the Washing 
plant. As the parts are loaded in sequences, every part gets represented on the 
conveyor very often and the parts needed at the Washers plant are always close. This 
also means that, depending on the current build at the Washers plant some parts might 
have a long storage time on the Bowl conveyor, which can make the loading 
procedure unpredictable.  
  
The rejected parts that gets re granulated at the plant takes a lot of time to recycle and 
also takes up a lot of space. The bigger parts take even more time to recycle because 
they have to be made into smaller pieces using a jigsaw. The rejected parts that gets 
sent of for re granulation, needs to be bought back again and gets used in the system. 
Outsourcing of the regrind service might be an alternative for all the rejects in the 
shop in the future. 
 
5.1.2 Kanban system 
The Kanban system has a few flaws, it happens that Kanban cards disappear or do not 
get attached when they should. This signifies over production, which does not agree 
with the Lean manufacturing process endeavoured in the Plastics department and also 
results in oversized storages in order to deal with Kanban card losses. 
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When it comes to the material Kanban system it is not always someone in the storage 
to label the material, which means there is a risk of the material getting used without 
anyone knowing about it. Also, if material does not get delivered on the promised 
time, it can take a few days for the production planner to get the information and as a 
result of that material might be running out before new material comes in. 
 
The Kanban system is not efficient to use in the Pad printing area at the moment. 
Since Kanban is being used to keep storage and batches as small as possible and this 
is not possible in the Pad printing process since the set up times are very long. 
 
In the Plastics department parts are often kept in storage for a longer time then 
necessary for curing and there are times when a machine has to be stopped as a result 
of the storage not having enough room. This is not because of lack of storage space, 
but rather an issue of over production. As mentioned before, this is conflicting with 
the Kanban system and the Lean production. (Chapter 6.2 “Kanban system”) 
 
5.1.3 Material Flow 
If the pellets of raw material have been cut improperly, they can cause block ups in 
the pipes and it takes a lot of time and experience to locate these jams and remove 
them. This can happen several times a week and lead to machine down time.  
 
If the materials or colours are different from the previous job the machine hoppers 
have to be cleaned between the jobs during the mould changes. This means that the 
mould change will take some extra time and the machine down time will increase. 
Some planning is made to minimise this kind of work, but there are a number of 
things that also have to be taken in consideration, for example product demands from 
Washers and moulding machines available for production.   
 
5.1.4 Machinery 
Some of the machines are older and worn out, making them slow and sometimes 
lacking in quality, they also tend to have a lot of down time. At the moment machine 
#27 is used to run glass fibre added materials that tears on the machine since the 
machine already is old and worn down.  
  
Some of the moulds for the machines are not in good conditions, which also cause the 
quality to deteriorate. The mould quality can vary depending on how big the jobs are. 
As Electrolux often have long runs on their moulds the quality should be high in order 
to prevent quality lacks and down time. Some times jobs that are on their way out of 
production gets to run with moulds that are no longer of a good quality. 
 
As a part of some machine constructions, the cycle time is depending on the operator. 
The operator controls the time between openings and closings to pick out the moulded 
part. A vary in this time effects the quality of the parts made since it effects the time 
that the plastic stays in the warming mechanism; if the material is too warm, it 
becomes more easily flowing and the part will get more flash to trim. If the material is 
too cold, it cannot fill the mould properly and a short shot is made. Some workstations 
are fully automated and according to Diesetters/ Mould technicians these stations 
produce a better quality due to the consistent cycle times and therefore more 
automation is preferable.  
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Figure 5.1: Flash and short shot on Large Top panel 
 
The utilisation of the robots in the plant is very low. Increased utilisation of these 
robots seems like an obvious measure to raise the efficiency level. Most jobs running 
in these machines have very few assembly duties and have little variety in parts. Most 
of the operator duties consist of moving the part between different automated 
workstations, which is ideal work for a robot.  
 

5.2 Organisation 
In this section the organisation of Electrolux Plastics division will be discussed. Areas 
as Personnel and work routines will be analysed. 
 
5.2.1 Personnel 
The personnel turnover is very low at the plastics department, Electrolux. It is not 
common with casual employees either. This leads to a more secure employment for 
the operators and this might also be a reflection to the age of the employees, which is 
not as low as can be expected in an industrial environment. As the Plastics division is 
not very season dependant, there is no gain to the company to use casually employed.  
  
5.2.2 Production 
The work rotation, used in Plastics, is good because the work tasks are not very 
stimulating and the operators are locked to their machine. This will also minimize the 
physical strain for the operator as the positions and work tasks vary.  An increased 
degree of automation would probably release some of the constraints laid upon the 
operators. Lifting and trimming parts from flash is to be seen as operations to 
automate in order to optimise the work situation for the operator. 
 
Tea breaks and lunch often takes a longer time than what is set for them. The reasons 
for this might be the difficulty of being able to move from one workstation to another 
(work-rotation), getting to the canteen and back and still having the time for the actual 
break. There are often delays in breaks since it requires reliving from another operator 
that might not always be available. As a result of this the operator breaks vary from 
day to day and can sometimes be very late.  
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The shift overlaps for Diesetters/ Mould technicians are thirty minutes. This is the 
time for them to discuss the day and the problems that has occurred. These thirty 
minutes means a lot of time when it involves so many people and it should be possible 
to solve the information spreading in another way, saving a lot of hours.  
 
Some of the jobs being made in the Mould shop occupy two operators while the 
costumers only pay for one operator. This results in a lot of Non-value added time and 
is due to that one operator can not keep up with the machine but the costumer only 
pays for one operator working on the part. 
 
Morning meetings 
The morning meetings are a good opportunity for every one attending to air issues and 
spread information to the other parts of the production and the staff. By giving 
everyone the word, everyone gets the chance to speak up without having to ask for it. 
This can result in a feeling of belonging and also give work motivation 
 
Team leaders 
The Team leaders spend a lot of their time relieving operators and quality checking, 
which means they spend a lot of time walking around in the plant. Often they have to 
walk and inform operators of things. No information system is used to facilitate for 
the Team leaders. When they organise the reliving, the process might be very slow 
due to the time it takes to reach everyone involved and spread information. 
 
Diesetters/ Mould technicians 
The problems in mould changing mainly seem to be an organisational question. The 
mould changes that are set to a time of twenty minutes seldom can be made during 
this time. This is because sometimes the Diesetters have to wait for material and 
sometimes the forklift drivers are not available, which means that they have to set the 
area around the machine themselves. Sometimes the planning makes only one die 
setter changing the moulds, which is not as efficient as when two are cooperating. 
Also the production plan can be completely changed after the 8.30-meeting and 
moving the moulds around can be time consuming if the crane in the tool room is 
busy. During a mould change, the die setter/ mould technician also can be called 
elsewhere for urgent mould issues. The start up time is often what takes the longest 
time in connection to mould change. To get the quality necessary, a lot of rejects is 
often made during the start up time. 
 
Transporting/ Material handlers 
The Plastics plant building has got plenty of space hence aisles in the Mould shop and 
in the store are broad. This facilitates for the forklift drivers and the problems seem to 
be the organisation in the store. Pallets or bins can congest the aisles, and sometimes it 
is hard to find the right spot for a specific part. 
 
Serving the #36 and #39 machines as well as the Bowl conveyor generates some 
detours for the forklifts driver because of the layout in the area. With the increased 
speed of the Bowl conveyor after in January 2005 (Chapter 4 “Account of the future 
business”), just one driver could not handle the two machines, and supplying the 
conveyor at the same time.  
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Another part of the transporting is made by the Team leader in Pad print, who drives 
fork truck for 30 minutes per day. She picks up parts to be printed and leaves the 
printed parts in the storage. This activity would be partly eliminated if the parts were 
transported directly from the moulding machine to Pad print instead.  
 
The Bowl conveyor 
At the moment the storage for bowls and top panels is not organised in a good way. 
There is a plan of how it should look but the problem is finding the time to reorganise 
the whole area. This causes space problems for the Large Outer bowls and they 
therefore have to be put in the aisle between the canteen and the bowl store. This 
makes forklift drivers from other departments detour around the storage area and the 
aisles can be congested. 
 

5.3 Production software systems 
According to the interviews made and experience from working with both software 
systems, the conclusion that has been made is that Mattec is not working as well as 
could be expected from a software system at a company like Electrolux. As we have 
not found any reasons of analysing Magman, the other software system used, we have 
chosen to leave this out of this analysis. 
 
5.3.1 Mattec 
The Mattec system is not very user friendly. Maybe this is why it is not used as much 
as would be preferred. The devices for reporting are often broken in some way or 
placed in a position that is hard to reach for the operator. The Unix based programme 
is hard to understand for the operators and causes reluctance to key in data. A lot of 
statistics can be taken from the Mattec system but the lack of accuracy is big, due to 
the poor reporting from the operators. Consistent information on how it is supposed to 
be used also appears to be missing. 
 
Due to the un-accurate information in the Mattec system, the planning of production 
gets disturbed and the system of Lean production gets fatter. Mattec results in lack of 
control of the production, and therefore an un-efficient production. 

5.4 Efficiency 
The way efficiency is calculated at the Plastics department makes efficiency 
improvement dependant on paid hours and production at Washers only. That makes 
Hours paid the only parameter effectible from the Plastics department. That, in turn, 
means reducing labour. This measure will also mean delayed results to efficiency 
from the Plastic departments point of view, since the parts that gets produced gets 
used after the production. The hours paid will no longer agree with the hours of 
production. 
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5.4.1 Scrap 
Scrap is a big issue in the process. A lot of time is spent producing and regrinding 
scrap. One problem is to teach the operator to make a solid appraisal to the quality of 
a certain part, what part should be rejected and what should not. At the time, teaching 
a new operator is the job of an old operator. This means that the wrong behaviour is 
being copied as well. The quality judgement therefore differs a lot from operator to 
operator. At the moment the amount of produced rejects is recorded manually by 
operators, Mould technicians and Diesetters in the Mattec system. This does not give 
an accurate scrap rate because of Mattec’s lack of user-friendliness. 
 

5.5 Work environment  
The operators are very controlled by the machines and have very little freedom when 
it comes to planning their work. Even toilet visits cause the need for a reliever on 
most machines. Keeping up with the machine is mostly not a problem but the fact that 
they are always working after the set cycle time can result in a lot of stress, this is not 
just if the cycle time is very fast but also if it is slow. 
 
The ergonomic aspect of the work seems to be given very little attention when it 
comes to aids as well as layout. The layout of the workstations in some areas are 
lacking of security and efficiency. Changing the layout of some workstations might 
result in shorter cycle times, as some cycle times are operator dependent. Because of 
the deficient layout, some of the machines are hard to mould change. Making the 
Diesetter climb in between the clamps to be able to disconnect and connect the 
moulds have caused incidents during mould changes. 
 
The temperature in the plant is very depending on the outside temperature. Being in 
South Australia this means that it get extremely hot during summer. The temperature 
by the machines often reaches a few more degrees than the outside temperature since 
the machine heaters and melt radiates some heat. In the summer time outside 
temperature is often around 40 degrees C. 
  
In the pad printing area, strong chemicals are used to clean the pads and remove prints 
from parts. The operators constantly get exposed to this smell and the common 
opinion is that the sense of smell and the head gets affected. There have been studies, 
however, which showed that the threshold values of Australian regulations are not 
exceeded.  
 
The flow of information seems to be working pretty well. Team leaders have a close 
contact with the operators and Shift supervisors, which in turn have good contact with 
engineers and other supervisors. The standing meetings are very informative and 
gives everyone an opportunity to speak up, the opportunity is often taken to. No 
operators participate in the standing meetings. 
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5.6 Analyse of Machine #40 
Even though two operators are needed in the operation, the work area is not set in a 
way that encourages the operators to cooperate or communicate. Time wise the two 
operators’ tasks matches well, but the moulding cycle time has been increased for 
them to manage all operations in time. 
 
5.6.1 Welding 
Since the fixtures in the welding machine are designed to fit newly moulded Balance 
rings, there is a problem if the operator cant keep up with the machine on every cycle. 
If the part cools down before welding it will get thrown in the reject bin. A large 
amount of Balance rings are rejected this way.  
 
The welding machines are old and the welding plates are no longer in the best 
condition, which causes bad welding and leaks. Trimming the edges, as a result of bad 
tools, is not always enough for the parts to get welded in a satisfying way and they 
therefore tend to leak. 
 
The two sizes of Balance rings are different in thickness as well as in diameter; this 
means that the welding times and temperatures may vary between the different sizes. 
It is therefore not only the fixtures of the welders that have resulted in two different 
welders. 
 
5.6.3 Testing 
The visual test is done during one operator cycle, which means that the operator is not 
present during the test. The test is simple and makes it easy to detect leaks but the 
cycle time of the process is long. At the moment there are not many leaking Balance 
rings that pass the visual test even though the operator is not present during the whole 
test cycle. 
 
5.6.4 Filling and sealing 
The processes of filling and sealing does not demand any transportation, but the 
operator needs to be present for fitting the bung and pushing the button for 
continuation of the process. This part of the process can be seen as the bottleneck of 
the second operators’ tasks. 
 
Working in the testing and filling/ sealing area is a wet job for the operator and 
sometimes rubber gloves are used to reduce the amount of subjection of wet or salty 
water to the skin. 
 
5.6.5 Robot  
The Robot on machine #40 is doing a very small part of the overall job. It is only used 
to remove the parts from the machine and putting them on a conveyor belt. At the 
moment the robot is using less than half the machine cycle time for the job. An 
increase of the robot utilisation should be possible without changing the machine 
cycle time. 
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At the moment the robot and the connected PLC does not have a lot of spare 
inputs/outputs to use if increasing the robot tasks, therefore a change in robot tasks 
and ancillaries would probably require an upgrade of the PLC. 
 
The robot reach is limited. Only having a reach of 1.6 meters results in difficulties to 
reach in a big working area. If the cell needs to be of big size, other ways of 
minimising the demands of robot reach would have to be applied in order to use the 
current robot in the new cell. This could be lifting and turning tables and height 
adjustable ancillaries.  
 
5.6.6 Quality 
The work at machine #40 is not very stressful but it is hard in that point that it 
demands some trimming of the edges of the parts, a task in which the operator’s skills 
are decisive for the results and quality. Trimming is necessary because of the tool; at 
one point adjustments were made and the problem went away for a while but then 
came back. To solve the problem properly new tools are required. Rejects can be done 
during the process of trimming and the rate of rejects would decrease with new tools. 
This due to the elimination of trimming and to increasing the welding quality as the 
edges of the parts gets more flat.  
 
5.6.7 Production 
The planned machine hours on Machine #40 shows that 30 hours of overtime are 
required every month without including any downtime to the machine. The machine 
utilisation was at an average of 92%. The level of scrap reached 13% of the total 
production from the value chart. Including these numbers will result in overtime per 
month of 138 hours.  
 
 
 Average machine 

hrs/month 
Forecast of jobs 
hrs/month 

Overtime required 
hrs/month 

Current situation 456 485 30 
-92% utilisation* 420 485 65 
-13% scrap* 420 558 138 
Total 420 558 138 
 
 
Table 5.1: Table over jobs on Machine #40 

*Data from Mattec, Sept -04 to Nov –04  
*Data from Value mapping, Appendix 1
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6 Theories 
The literature studied in order to complete this thesis is summarised and the areas of 
relevance to this project written in the following chapter.  

6.1 Injection Moulding  
Injection moulding is the most common process in plastic fabrication. Since plastic is 
not suitable for pouring into a mould, injection moulding uses a big force to inject the 
polymer into a cavity. The polymer is then cooled inside the cavity and forms the 
desired part. This process allows a big variety in shape and material. 
 
The injection moulding process is mainly divided into seven steps: 
 
 

1. Mould closing 
2. Injection 
3. Dwelling 
4. Plasticising 
5. Cooling 
6. Mould opening 
7. Ejection, idle time 

 
 

 

2 31 5

4

6 7

Cycle time 

Figure 6.1: Injection moulding process 
 
 
Mould closing 
The moulding machine mainly consists of three basic parts; mould, clamping and 
injection units. During the mould closing, the clamping units move the two moulds 
together and holds them there to allow the plastic to get injected. (Figure 6.2) 
 
Injection 
In the injection phase, melted plastic material is inserted through a drop or a sprue 
(hot- or cold runner system, Chapter 6.1.2 “Injection mould, tooling”) into the mould. 
A screw controls the pressure and speed of the injection.  
 
Dwelling 
This phase is a pause in the injection process. Pressure is applied to make sure all 
cavities of the mould are filled with melted plastic. 
 
Cooling 
Once the mould is filled the plastic needs to cool down to its solidification 
temperature inside the mould. 
 
Mould opening 
The clamping unit opens and separates the moulds. 
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Ejection, idle time 
An ejecting rod and plate ejects the finished part from the mould, making it possible 
for operator or robot to take the part.  
 
6.1.1 How does it work? 
Plastic (resin) in pellet form is fed into a hopper on top of the machine. From the 
hopper it is fed into the heated barrel where share forces, friction and the heating 
bands melt the plastic. The heater bands also helps keeping the melt at a constant 
temperature. The screw inside the barrel moves forward and allows the melt to get 
injected (makes a shot) into the cavity. The screw is constantly moving to keep the 
resin melted and to melt additional resin after a shot. Even when a shot is made, the 
screw moves forward to maintain the pressure in the cavity while it melts. 
Once the plastic is cooled enough the screw starts to retract to accumulate the next 
shot.  
 
 

 
 
Figure 6.2: Injection moulding machine (www.design-technology.org/injectionmoulding.htm) 
 
6.1.2 Injection mould, tooling 
An injection mould normally consists of two basic parts; one fixed half and one 
moving half. These open, close and are fixed during the injection. To get from the 
nozzle to the cavities in the tool, an injection channel is used. The injection channel 
can be composed of a hot runner or a cold runner system.  
 
The cold runner system is a simpler and cheaper system but often harder to get high 
quality products from and leaves waste parts. This system consists of sprue runners 
and gates that lead the melt into the mould (injection channel). These parts are made 
of plastic and are attached to the part when the part is moulded.  
 
The hot runner system leaves no sprues and often results in a more high quality 
product. The mould is injected to the part through drops, leaving no plastic waste.  
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The moulds are often expensive but may produce tens of thousands of mouldings. 
When large quantities are required a hard wearing such as steel is necessary for a 
durable mould.  (Hernandez, 2004) 
 

6.2 Kanban system 
The Japanese automobile manufacturer Toyota developed the Kanban system. It was 
developed to solve the problems of planning production quantity for all production 
processes in a multi-stage production inventory system.  Making it possible to allocate 
buffer stock for each inventory point. (Takahashi, Nakamura & Izumi, 1997) 
 
The quantity and types of units needed are written on a tag like card called a 
“Kanban”. Kanbans are attached on to the buffer stock at each inventory point 
allocated before and after each production process. The card is thereby sent from 
workers in one process to workers in the following process. This connects the 
processes and as a result the control of the quantities needed increases. (Monden, 
1994) 
 
The withdrawal Kanban and the production-ordering Kanban are the two kinds of 
Kanban cards mainly used. A withdrawal Kanban shows the quantity of products that 
the subsequent process should withdraw. They are attached to the buffer stock at the 
inventory point before each production process. When the part is used for production 
the card is removed and used to order the transportation needed to the inventory point 
that follows. A production-ordering Kanban shows the quantity that the preceding 
process must produce. It is attached on the buffer stock at the inventory point after 
each process. When the part is used for transportation, the Kanban is removed to order 
the movement of the part to the production process. By connecting the two, the 
consumption of a product at the final production process becomes a trigger to produce 
the product and its parts at each production process. (Takahashi, Nakamura & Izumi, 
1997 and Monden, 1994) 
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Production-ordering Kanban      Withdrawal Kanban 
 
 
 
 
 
 
 
 
Machine line      Assembly line 
A preceding process     A subsequent process 
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b

a
A 

B

C

Store

Figure 6.3: Production-ordering Kanban and Withdrawal Kanban (Monden, 1994) 
 
When making products A, B and C the parts a, and b are used. On the parts 
production-ordering Kanbans are attached. When a part is needed in the assembly, it 
is taken from the store. The production-ordering Kanban is detached and a withdrawal 
Kanban is attached. The production-ordering Kanbans are left at store and the number 
of products needed, according to the Kanban card then can be made. The withdrawal 
Kanbans are used at the assembly line to inform about how many parts needed from 
the store. (Monden, 1994) 
 

6.3 Automation 
Since the days of the Industrial revolution, mankind has managed to mechanise most 
of the manufacturing operations traditionally preformed by the human hand. The 
Toyota Production Systems have made it one of its basic features to reduce production 
costs through elimination of waste and manpower cost reduction (Shingo, 1981). 
These two issues can be measured with further automation of the workshop. The 
quality of the products is certain to be increased if the operations always are 
preformed in the exact same way; the only problem is the detection and correction of 
faults by the human eye. This is solved through Autonomation- automation with a 
human touch. The autonomation of a machine means that the operators’ task would 
mainly be surveillance of the production with a range of four or five machines at a 
time. This also treats the feature of manpower cost reduction since fewer operators 
would be needed in this kind of production system. Shingo (1981) discusses that the 
losses will be five times greater for idle workers than for idle machines and the taken 
measures of this would be improvements in human motions, improvements in 
machine movements and mechanising human motions. 
 
6.3.1 Different types of automation 
There are three main types of automation, which all fits different kinds of production 
systems and different kinds of products (He, 2000). 
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Fixed automation processes or assembles operations in a predetermined sequence. 
The equipment configuration is fixed and the operations are usually simple. The 
application suits very high demand rates and volumes, for example mass production, 
where equipment is completely dedicated to a particular product. The system is 
relatively inflexible in accommodating product changes and the initial investment 
costs are high since the equipment often is custom engineered (He, 2000). 
  
With Programmable automation the production equipment is designed with the 
capability to change the sequence of operations to accommodate different product 
configurations. When a program controls the operation sequence, new programs can 
be prepared and entered into the equipment to produce a new product. This system is 
suitable for low and medium volume production where the changeover procedure 
takes time, such as batch production. The investments are usually high for the general-
purpose equipment, while the specialised fixtures are less advanced. Examples of 
programmable automation can be numerical controlled machine tools and industrial 
robots (He, 2000).    
 
When it is necessary to produce a verity of products and the time lost for changeovers 
from one product to another, Flexible automation is recommended. The system has 
got the flexibility to deal with product design variations; part programs and the 
physical set-up are both pliable. Flexible automation suits medium production rates of 
variable product mixtures. The investment costs are usually high since this is a 
custom-engineered system (He, 2000). 
 
6.3.2 Industrial robots 
The application areas for industrial robots are mostly linked to the cost and work 
environment of the operator. Repetitive work cycles and heavy lifts or difficult 
handling for human beings is a good reason to consider an industrial robot for the 
work. Hazardous and unsafe work environments such as spray painting and welding 
are also tasks that a robot easily could do (He, 2000). He also describes four main 
areas where an industrial robot would be a convenient solution; they are:  
 
Material handling applications  

Palletising/ depalletising  
The robot retrieves parts from one location and deposits them into a 
pallet and reversed cycle. 

Stacking operations  
  Placing flat parts on top of each other. 

Material transfer 
The robot is used to pick parts from one location and orientation to 
another. 

Pick-and-place 
The technology requirements for this kind of robot are low. Often 
pneumatical robots are used.  

Machine loading/ unloading 
Usually used in processes such as die-casting, plastic moulding and 
metal machining operations. 
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Processing operations 
 Spot-welding 

These robots are usually large with five to six axes and point-to-point 
control. 

Continuous arc welding 
With a robot doing the work, the welds become more consistent and 
the productivity and safety becomes improved. The robot must be 
capable of continuous path control and have five to six axes. 

Spray painting 
This robot has to possess long reach and have continuous path control. 
It must have a protective cover but on the other hand the operator does 
not get exposed to hazardous solvents. The quality of the painting is 
often improved and the consumption of solvent and paint decreases. 

Other processing applications 
Operations such as drilling, grinding, waterjet cutting, laser cutting and 
riveting are known to become increased in productivity and quality 
when automated. 

  
Assembling 
 These processes require small, light load capacity and high accuracy robots. 
 
Inspection 

A robot can be used to load/ unload testing machine or to manipulate an 
inspection device. It can also make sure that a given process has been 
completed, ensure that parts have been added in the assembly and measure 
dimensions. This improves productivity and quality in the process. 

 
 
He (2000) has also depicted four methods of programming industrial robots. The 
Manual set up (sequence control) is a procedure associated with limited-sequence 
robots. Mechanical/ electrical devices or PLC:s control the endpoint of their motions 
and the sequence in which the motions occur is regulated by a sequencing device. 
This device determines in what order the joints are going to move. The sequence 
control is best suited for pick and place operations with short work cycles. The 
method is not expensive but highly inflexible and easy for shop persons to set up. 
 
The most common programming method in industry is Powered lead through. A 
teach pendant power drives the robot point to point through its motion sequence. Each 
motion is recorded for future playback during normal production. Shop personnel 
readily learn the method but it generates significant down time and it is not 
compatible with modern computer based techniques. Loading/ unloading, material 
transfer and spot welding are examples of application areas for powered lead through. 
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With Walkthrough, an operator manually moves the arms and joints of a teaching 
robot through the desired path of motion, which is easily accomplished because this 
machine is so light in weight. During production a slave robot, identically designed, 
carries out the path determined by the teaching robot. This requires the controller 
memory to be very large in order to store the information since it is sampled at a rate 
of ten points per second. The method is used when a high degree of precision is not 
required, and when the work path is irregular such as those of spray-painting and arc 
welding. 
 
The third programming method is called Off-line programming. Here, the robot 
program is prepared at a remote computer and entered the robot memory for use 
during the work cycle. This makes it possible to prevent production downtime and 
also integrate the robot in the factory CAD/ CAM, manufacturing database or 
information system. Textural based programmes for off-line programming are flexible 
and good for communication with other machines. A graphical simulation can be 
used to construct a three-dimensional model of the robot cell for evaluation and off-
line programming. The robot then performs its work cycle in animated computer 
graphics. This category is still in development stage, and requires advanced software 
and a rapid computer with large memory. (He, 2000)
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7 Results 
The following chapter will summarise the results of the Value mapping and the 
Machine #40- project. The results will then be used to draw conclusions and make 
recommendations.  

7.1 Value chart 
To evaluate the production and the hours spent in the plant, Value mapping was 
conducted. Data from Mattec, Magman and regrind was gathered during one week, 
10/09/04 to 17/09/04. The mapping of the work in the Mould shop, Pad print and at 
the Bowl conveyor resulted in a Value chart (Figure 7.1).  
 
The Value adding hours was divided in to four different categories;  
 

1. Mould shop 
965 hours/ week or 40% of the total producing Mould shop hours. 
The hours spent moulding good parts in the Mould shop. 
 

2. Bowl conveyor 
101 hours/ week or 4% of the total producing Mould shop hours. 
The hours spent loading the bowl conveyor that transports the parts over to the 
Washers plant. These hours are seen as value adding by using the questions asked by 
Strategos, 2004 (Chapter 2.4.2 “Value stream mapping”)  
 

3. Assembly 
86 hours/ week or 3.5% of the total producing Mould shop hours. 
The hours spent assembling parts in the Mould shop. This can be “tea bags” or 
“Rockets” that are used in the Agitators in the Washing machine. These hours also 
includes de-sprueing the Bungs that are detached to the Balance rings. 
 

4. Pad-print 
82 hours/ week or 3.5% of the total producing Mould shop hours. 
The hours spent in the Pad-print that does not include transporting, Quality checking 
or packing. 
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Figure 7.1: Value chart 
 
The Non-value adding hours are here divided into seven different categories; 
 

1. Moulding scrap, regrind and rework 
195 hours/ week or 8% of the total producing Mould shop hours. 
The regrind hours are the time spent organising and working with regrind. It does not 
include transport or relieving. 
 
The rework hours are hours spent making rejects into good parts. 
  
Moulding scrap is the hours spent making rejects recorded by Mattec are 39.73 on the 
week 10/9-17/9. By using the data of re-ground material, the number of hours spent 
moulding rejects become more accurate. The re-ground material is divided in to two 
categories; Re-grounded at Electrolux and sent away re-grounded material. 
 
Using data on the weights of the material sent away and information on the most 
common parts that are rejects and an approximation of the number of parts re-
grounded at Electrolux, the data can be transformed into labour time. The hours 
calculated from re-ground material are 134.6, which clearly show the unreliability of 
the Mattec system. 
 
Raising the figures from 39.73 to 134.6 means that 13% of the total moulding hours, 
and that 8% of the total hours spent in the Plastics department is spent making rejects. 
Adding transportation to the regrind area, time spent re-grinding, moulding new parts 
and other time spent handling rejects, this adds up to a significant cost. Some of the 
parts are also Pad-Printed before re-ground which means even more hours and bigger 
costs  
 
A remaining problem is that this data will not tell why the parts are rejected or where 
they where produced. 
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2. Transporting 

192 hours/ week or 8% of the total producing Mould shop hours. 
The time spent forklift driving in the Mould shop. Includes all forklift driving. A 
complete inventory of the forklift driving is found in Appendix 1. The most important 
posts in transporting are the forklift drivers, the Bowl conveyor and the Diesetters. 
  

3. Tea break 
126 hours/ week or 5% of the total producing Mould shop hours.  
The time that the operators spend on Tea break that exceeds the ten minutes allowed 
per day. To the ten minutes an extra twenty minutes are added every day for every 
operator. This information comes from interviews and observations.  
 

4. Material handling 
100 hours/ week or 4% of the total producing Mould shop hours. 
The hours that the material handler spends material handling. Includes time for 
cleaning hoppers and supplying material. 
 

5. Mould changing 
98 hours/ week or 4% of the total producing Mould shop hours. 
This includes all hours that the Mould technicians and Diesetters spend in the Mould 
shop that does not fall under any of the other categories. A study of these hours has 
been made and can be read in Appendix 5. 
 

6. Two operators, one paid 
78 hours/ week or 3% of the total producing Mould shop hours. 
The hours that are spent moulding parts with two operators when the job only is set 
and therefore gets paid for one. These are the hours for the extra operator. 
 

7. Other 
390 hours/ week or 16% of the total producing Mould shop hours. 
Under Others the following categories are gathered; Quality checking, Shift overlap, 
Walking, Talking, Planning, Trouble shooting, House keeping, Try out, Packing, Set 
up in Pad print and Preparing assembly. 
 

7.2 Subsequent projects 
As a result of the Value mapping, the investigation of three areas has resulted in 
subsequent projects to follow up and continue improving these areas as a step to 
increase the overall efficiency. The subsequent projects are: 
 
Moulding scrap:  
Task force appointed to reduce scrap level with a stretched target of 50%. 
 
Transporting: 
Pallet conveyor suggestion handed over to ongoing automation project at machines 
#36 and 39. 
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Moulding scrap: 
Task force appointed to reduce mould change/ Mould shop hrs with a stretched target 
of 65 hrs/ week  
 
The areas “Two operators one paid” and “Regrind” have been under change as this 
project has been preformed. They have not come up as a result of our mapping but 
since the problems still was present during our Value mapping, they are still presented 
in our project. These areas will change as follows: 
 
Two operators one paid: 
This workstation has been changed to suit one operator. By investing in new jigs and 
changing the layout this workstation does no longer require two operators. 
 
Regrind: 
The regrind will be outsourced; as a result to this one operator will be done redundant. 
One operator will still be working in the reject/ regrind area part time to organise in 
the area. 
 
These projects and changes will all affect the overall efficiency and the improvements 
that will follow this project. By using the number of labour hours reduced the 
efficiency will change as follows: 
 
 Hrs paid Hours produced Efficiency % 
Current 114243 63433 55.5 

Subsequent projects 101770 63433 62.3 
 
Table 7.1: Table of efficiency changes with subsequent projects 

7.3 Results on the Machine #40 project 
To increase the efficiency on machine #40 to the set goals of reducing labour hours 
with at least 50%, two different suggestions have been developed. The first solution 
aims at reducing the number of operators to one, and the second solution is a fully 
automated work cell. 
 
The other parts produced in machine #40 will not be affected by the changes in the 
Balance ring production. 
 
7.3.1 Specification of demands 
In order to come up with solutions that will improve the current situation as much as 
possible and to satisfy the goals of this project a list of demands has been established.  
 
Specifications of demands on the efficiency numbers for the future work cell has been 
set to a minimum efficiency improvement of 50%. This is because the Machine #40-
project lies under the project of an overall efficiency improvement at Electrolux 
Plastics division.  
 
Regarding the economical demands, all solutions must fit into the two-year payback 
period established at Plastics.  
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Quality requirements are set to reducing scrap by 50% according to the briefs of the 
subsequent projects. 
 
Requests of the work cell layout are that the production flow should run smooth and 
straight. The total capacity of 446,770 parts and 269,490 Balance rings per year is 
calculated from the production forecasts of the Washers plant (Appendix 6 – Balance 
ring production forecast). 
 
The moulding tools and the ancillary in the work station have different technical 
requirements that all aims at a maximum cycle time of 0.73 minutes for Large 
Balance rings and 0.58 for Medium. 
 
The work cell also has to meet the fundamental requests of a satisfying work 
environment for the operator. The psychological/ social factors are to be taken in 
consideration as well as the physical environment with heavy lifts, repetitions and 
noise. 
 
Implementation of new layouts is to be planned towards being as facile as possible. 
The production losses to be minimised and the practical procedure to be accomplished 
the easiest way. 
 
A complete specification of the demands is found in Appendix 7. 
 
7.3.2 Solutions 
Both of the Solutions suggest new tools for both sizes of the Balance rings. New tools 
would eliminate the de-flashing and also make the part sprue-less as it exits the 
mould. This would not only effect the number of operations requires but also effect 
the quality of the products. New tools are of interest from a design view as well, since 
there are plans on changing the designs in order to facilitate the assembling of the 
Balance rings to the Bowls. 
 
7.3.3 Solution 1 – One operator 
Solution 1 reduces the number of operators on the Balance ring process to one. 
Operator time will decrease by combining five operations into one. The leak testing, 
filling and bung welding will be fitted into one machine that also weighs and date 
mark the Balance ring. The machine will be referred to as the Combination machine 
in the following text.  
 
Nothing will be changed in the robot tasks; it will still unload the part from the tool 
and place it on the conveyor. This results in no extra programming of the robot or 
changes in the robot cell. The operator will put it into a welder, move it from welder 
to combination machine, where it would also fit the bung for sealing, put the parts on 
pallet and fit a cardboard onto every layer of products. The operator would continue to 
apply tape to the finished pallet which then gets transported into the storage by a 
Material handler. 
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Resource    Medium time/Large time (mins) 
Current cycle time    0.85 / 1.10 
Robot      0.38 / 0.38 
Operator     0.57 / 0.62 
Current Welder    0.57 / 0.75 
Current mould limit    0.68 / 0.80 
Limitation     0.68 / 0.80 
 
New cycle time    0.75 / 0.90 
 
 

 

 
Table 7.2: Approximated times and times from time studies for the process of making Balance rings 
(Appendix 8 - Time studies) 
 
Extra time has been set to the Limitation time to reduce reject rate due to mould issues 
and expand the time buffer for the operators. This time is set to 10 % in Medium 
Balance rings and 12% in Large Balance rings. 
 

 
 

 
 
 
 
Figure 7.2: Layout solution 1 - One operator 
 
The changes in the robot cell has only taken place on one side of the workstation and 
will not interfere with the production of other parts on the same machine. It will still 
be possible to change the production for producing different parts, during the time it 
normally takes for a mould change. 
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The new layout is set into a smaller area to ensure that the operator do not have to 
spend a lot of time moving from one workstation to another, and to minimize the 
amount of stress. It is also taken in consideration that the operator does not have to 
feel cramped and that the operators have the opportunity to move in order to relive the 
muscles. The flows in the work-cell are very straight in the new layout in order to 
minimise the transport between the operations. 
  
Combination machine 
The Combination machine will be the current saline filling machine that has been 
modified to integrate more of the operations into one machine. The machine will 
combine the testing, saline filling, bung sealing, date marking and weighing. This will 
reduce manual operations and results in a decrease of operators necessary for the 
process. The part will be manually loaded to the Combination machine for the first 
process of filling the part with saline solution. The filling will also work as a cooling 
of the part before it is tested for leaks. This will be done by a decay test that fills the 
part with air and then measure if there is any decay in the pressure. The Balance ring 
will not have to be moved between the two operations since they will be done using 
two different nozzles. 
 
To seal the Balance ring an operator fits a bung to the filling hole and presses a button 
for ultrasonic welding. This part of the process will remain the same. In the 
Combination machine the parts will get date market and weighed without the 
operators involvement and these processes will be integrated into the other operations 
to decrease the cycle time of the Combination machine. The Combination machine 
will fit both sizes of Balance rings using inserts or grippers.  
 
Production 
Change in cycle times will result in a new forecast for the coming year, and thereby a 
different number of required overtime hours. By adding the changes in the scrap level, 
a real forecast can be made and the required overtime hours. The levels of scrap have 
been set to half the current level in this project. (Chapter 7.2 “Subsequent projects”)  
 
 Average machine 

hours/month 
Forecast of jobs 
hours/month 

Overtime required 
hours/month 

Solution 1 456 448 0 
-92% utilisation* 456 487 31 
-7% scrap** 456 524 76 
Total 456 524 76 
Difference from 
current 

0 -74 -74 

 
Table 7.3: Machine working hours Solution 1 – One operator 

*Data from Mattec, Sept -04 to Nov –04 
**Data from Value mapping, Appendix 1 
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By making these changes the overtime hours will be reduced with 74 hours/month 
from the current situation. This will affect the cost of producing the Balance rings and 
other parts being produced at machine #40 due to reduction of labour costs and start 
up costs of the machine.  
 
Economical calculations 
Solution 1 does not require a lot of investments. The current filling machine must be 
modified to suit the new needs. New tools will be required for both sizes of Balance 
rings. Since changes in the design of the Medium balance ring is up to a discussion 
and the reject levels on Balance rings are quite high, the tooling costs can bee shared 
on more then this project and justified in more ways than one. Appendix 9 describes 
previous tries to justify investments of new tools on machine #40. 
 
A new welder would probably increase the efficiency and reduce the reject amount 
even more. In order to improve the current cycle time we are suggesting a new welder 
for this solution even if it is possible to implement the solution without a new welder. 
 
Economical gains are to be seen in the reduction of one operator in the process, 
overtime reduction, cycle time reduction and also a reduction of the reject rate in the 
Balance ring production. 
 
7.3.4 Solution 2 – No operator 
Solution 2 is designed to optimise the process and eliminate all manual handling in 
the process and thereby making the operators excessive in the processing of the 
Balance rings. To do this, the process of welding, testing, filling, date mark, weigh 
and sealing will all take place in the same machine. This machine will in the 
following text be referred to as the Multi combination machine. The robot will unload 
the part from the mould and lift it to the Multi combination machine, and then it will 
lift the finished product onto a palletiser. The robot will also fit a cardboard between 
the layers of parts.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Resource    Medium/Large Balance ring 
Current cycle time    0.85 / 1.0 
Robot      0.8 
Multi combination machine   0.8 
Current mould limit    0.68 / 0.8 
Limitation     0.8 
 
New cycle time    0.85 / 0.85 

Table 7.4: Cycle time limitations solution 2 – No operator 
 
The new limitation has been set with a smaller time span since the time differences 
between cycles should vary less in a fully automated work cell. 
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Figure 7.3: Layout solution 2 – No operator 
 
Solution 2 is using a layout that will not interfere with the production of other parts on 
the same machine. Since the conveyor belt is running past the palletising unit of the 
robot cell, it is stillroom for the manual operations in the production of other parts on 
machine #40. 
 
Multi Combination machine 
The main issue in Solution 2 is the design and achievements of the Multi Combination 
machine which mainly is going to be the factor that eliminates the manual operations. 
The Multi Combination machine will in one operation combine welding, saline filling, 
decay test and sealing of the Balance ring, as well as date mark and weigh the 
product.  
 
The robot will put the moulded part in the machine. The first process will be to weld 
the top and the bottom of the Balance ring together with a hot plate welder. The 
design of the tools will allow the parts to exit from the mould the way they have to be 
positioned in the welder. This means that the top of the balance ring is positioned with 
the saline filling hole upward and in a filling position, and the bottom is turned upside 
down and twisted to fit the top, to allow the parts to get welded without any extra 
movement.  
 
The process of date marking and weighing will be integrated into the machine where 
it is found to be most suitable. This operation is flexible and not dependent on the 
other operations. Where and in what order this process will be conducted can be 
changed after the current needs. 
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As the part is welded it will get moved to a filling and testing station and a nozzle will 
enter the filling hole to make a decay test to assure the quality. The last process is to 
seal the Balance ring that will get lifted out of the machine by the robot. The two 
processes, welding and testing/ filling will be done simultaneously in order to gain 
some cycle time. 
 
Production 
By changing to the new cycle times and scrap levels (Chapter 7.3.3 “Solution 1 – One 
operator, Production”), a new forecast can be made.  
 
 Average machine 

hours/month 
Forecast of jobs 
hours/month 

Overtime required 
hours/month 

Solution 2  456 462 6 
-92% utilisation* 456 502 46 
-7% scrap** 456 540 78 
Total 456 540 78 
Difference from 
current 

0 -72 -72 

 
Table 7.5: Machine working hours 
 *Data from Mattec, Sept -04 to Nov –04 

**Data from Value mapping, Appendix 1 
   
The required overtime hours will be reduced by 72 hours/month. 
 
Sealing of the Balance rings 
To reduce the operation of fitting the sealing bung into the Balance ring a change in 
the design of the part can be made. The filling hole would be shaped as a cone with 
extra plastic material on the top (Figure 7.4a). This melts and fills the hole as a small 
hot plate welding head comes down onto the part (Figure 7.4b). The cone acts as a 
support during the welding procedure. 
 
 

   
Figure 7.4a: Cone shaped design of filling hole Figure 7.4b: Welding procedure of new hole 
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Another option is the hole being ultra sonically welded which means that he head has 
to be modelled differently. When re-designing, it is important to consider the user-
friendliness aspects as well as the manufacturing aspects of the Balance ring. The 
surface have to be smooth to prevent ripped clothes or cleaning rags, and the size of 
the hole has to be big enough to allow saline filling to run smooth but small enough to 
enable sealing without a bung.  
 
Palletiser 
When the Balance ring is finished, the robot will lift it up again and move it to a 
pallet. To make sure that the pallet is reachable for the robot during a whole loading 
cycle the pallet must be adjustable in hight and also twistable, due to the limitations of 
robot reach. A buffer of one pallet is necessary to give the Material handler some 
flexibility in pick up time and to make sure that the robot can run smoothly. The 
conveyor system will contain room for four pallets, one pallet with finished products 
and one buffer for finished parts, also two pallets with cardboards will be necessary.  
 
 

 
 
 

    Figure 7.5: Example of palletiser. 
 
Economic calculations 
Three main investments, the Multi combination machine, palletiser and the electrical 
changes/ applications, are necessary to the robot cell. New tools are also necessary for 
Solution 2. The main gain is in the reduction of labour hours, even the scrap levels 
will be reduced and the cycle time will be shorter for the large balance rings. There 
will also be some gain in the changes in design due to reduction in production costs. 
This is for example the cost of producing and handling the bungs. 
 
This solution will have a payback period of 1.5 years. (Appendix 10 – Solution 2, 
Economic calculations) 
 
For detailed information see Chapter 8.1 “Further development of chosen solution”

Catarina Bölin & Pernilla Forsberg  58 



  8. Evaluation 

8 Evaluation  
As a tool of evaluating the solutions in order to recommend the most suitable for the 
manufacturing process at Electrolux Plastics division, an evaluation has been 
conducted by using an evaluation chart (Appendix 11) made from the “Specification 
of demands” (Appendix 7). The factors used in the evaluation chart describe the areas 
found as most relevant to the company.  
 
The evaluation chart contains of seven main factors and four sub-factors, these are all 
weighed as a measure of their importance and there after the solutions and current 
situation are given points to the grade which they fulfil the factor. Balancing opinions 
of the company and theories that support an efficient and compatible production 
environment has set the value of the factors.  
 
The evaluation chart shows that the current situation fulfils the specification of 
demands to 48%, Solution – one operator to 73% and Solution – no operator to 82%. 
This means that Solution – no operator is, from an efficiency and productivity point of 
view, the best solution. As this solution is evaluated as the best one for Electrolux 
Plastics division to implement, this solution is also chosen for further development.  
 
The No operator Solution will reduce the number of operators in the process with two 
by automating the cell completely and increasing the current robot tasks. The reject 
level in the process will have good opportunities to decrease and the quality test will 
be very accurate. A reduction of the cycle time will be possible and the efficiency 
increase even higher.  
 
This solution is the one that to the highest grade will affect the efficiency in a positive 
way. 
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8.1 Further development of the chosen solution 
As Solution – No operator, was evaluated as the best one to fulfil the demands this 
solution will now be developed further.  
 
 

 
 

Robot
Conveyor

Figure 8.1: Further development of Solution 2 – No operator 
 
As the robot leaves the moulded parts in the Multi combination machine, it will be 
necessary to leave the two parts at different points in the machine, one part above the 
other. This will facilitate the welding process, since the welding still will be 
conducted using a hot plate welder, and minimizing the transport within the machine, 
which will be positive for the machine cycle time. The new tools will allow the parts 
to leave the mould as they need to be located in the welder so that no turning or 
rotating of the part will be required once the part has entered the machine. 
 
In the machine, two workstations will be used to process the Balance rings. The first 
one is the welding process and the second is a combined filling/ testing and sealing 
station. These two processes can be preformed simultaneously and in either of the 
process the weighing and marking can take place. 
 
As two parts are processed at the same time, the robot will leave a newly moulded 
part and then go to the other end of the machine to receive a finished Balance ring and 
load this to the pallet. If necessary, the robot will supply the pallet with a cardboard, 
(Figure 8.1). The belt conveyor will no longer be used in the production of Balance 
rings. 
 
To automate the palletising, a conveyor system with room for four pallets is used. 
This, together with the robot loading the parts to the pallets, will make the process 
fully automated. The forklift driver will continue to supply pallets and cardboards as 
well as picking up the finished pallets. The conveyor system will have one buffer on 
each side. 
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Figure8.2: Detailed drawing of conveyor system 
 
The pallet with cardboards, will be loaded with 15 or 18 cardboards depending on the 
size of Balance rings, when one pallet with parts is full, the cardboard pallet will be 
empty and then used in the next step of the conveyor system to load parts. As this 
pallet gets filled with parts it will be transported on to the buffer zone in order to wait 
for the forklift driver. This will mean that the forklift driver will have at least one hour 
and forty minutes between the visits to machine #40. 
 
The layout of the No operator solution allows production of Balance rings as well as 
the other parts currently produced in Machine #40. These processes will not change in 
order to suit the new layout and the operator will still be able to conduct the work 
required. As the conveyor runs past the palletising system the operator will unload the 
conveyor and continue work outside of the new robot cell. There is plenty of room for 
establishing work cells to the left of the robot cell, (Figure 8.1 and 3.7) 
 
As the pallet system uses the space currently used to store jigs for the different parts, 
those will have to move. Depending on the robot reach and the hight necessary for the 
pallets, of security and robot interference reasons, the jigs might be storable above the 
opening in the robot cell fence for the pallet conveyor. Another option is to place 
those on top of the Multi combination machine. 
 
The jig that is used for the Balance ring production at the moment will still be usable 
in the new robot cell as this can hold the weight of a filled Balance ring. This jig is 
also applicable when it comes to lifting the cardboards when placing them on the 
pallets. This means that it will not be necessary to change jig at any time during the 
production cycle. This results in a shorter cycle time and a straighter flow in the work 
cell. 
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  8. Evaluation 
In order to manage the changes that Solution – No operators, requires a lot of 
electrical schematic updates and additions has to be made, as well as relocating 
equipment and programming. As one demand of the workplace is to make it work 
environmentally friendly, all manual control will be via touch screen to facilitate in 
maintenance and mould changes. The currently used PLC will need an upgrade in 
order to control all new ancillary. A guarding system containing of light guards will 
be installed by partly using the current light guard system. For costs se Appendix 12 – 
SAGE Automation quote. 
 
By using this solution the efficiency will be increased further as described below; 
 
 
 Hrs paid Hours produced Efficiency %
Current 114243 63433 55.5
Subsequent projects 101770 63433 62.3
Solution 2 91534 63433 69.3
 
Table 8.1: Table over Efficiency changes, Subsequent projects and recommended solution 
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9 Discussion and conclusions 
In this chapter discussions and conclusions will be made. Theories, Methods and 
Results will be handled. 
  

9.1 Discussion 
The work method of Value mapping has been very useful in order to find a wide 
range of areas for further studies. This makes this thesis a good platform for 
continuous improvement of the efficiency at the plant. Since the overall efficiency 
improvement depends on the outcomes of the subsequent projects and the follow-ups 
of the other problem areas, they are difficult to predict.  
 
The goal of achieving 75-85% efficiency is not reached and reasons for this is mainly 
that the targets for the project were set too high when using the Electrolux Plastic 
operation methods of efficiency calculating. According to this method, only reducing 
the number of labour hours can increase the efficiency. Setting the goal to 85% means 
that approximately 23 operators out of 75 would have to be left redundant (Appendix 
13). 
 
If the size of this project would have been of a greater extent, a deeper and more 
thoroughly study would have been conducted on the Value adding hours as well, for 
example the machine cycle times and robot utilisation. But the work with mapping the 
organisation from a Value adding perspective has been an eye opener for Electrolux 
and will probably lead to more projects and continuous work on efficiency 
improvements. 
 
9.1.2 Machine #40-project 
The Machine #40 project gave the opportunity to continue the efficiency improving 
work on a deeper level. This way we have gained the experience of working with 
overall study methods as well as hands on projects.  
 
The results of both the solutions have been surprisingly satisfying. The demand of a 
two-year payback period has been fulfilled and there is still a buffer of 0.5 years that 
can be used for further investments of improvements. 
 
It is likely that the amount of bad parts will decrease with the new moulds and welder 
introduced in the machine #40 work cell. In the economic calculations of the two new 
solutions the savings from this reduction of the amount of rejects have not been taken 
in consideration. The reason for this is the high degree of inaccuracy in Mattec and in 
the other information available.  
 
An example of this is the small test that was done on the scrap rate during one week in 
December. This involved the operators working on this particular station to write 
down the number of rejects produced and the reason why they were scrapped. The 
thesis project group designed a form to be filled in and the practical work was 
organised by the Shift supervisors.  
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The outcome showed a 2.7% reject rate, which is not as high as expected. The reasons 
for this can be reluctance from the operators to fill in all rejects because it may depend 
on them talking to each other and therefore not keeping up. Mattec recorded 0.8% 
rejects for the same period, which clearly shows the inaccuracy of this system. When 
these numbers are compared with data from the week in September (10/09/04 to 
17/09/04) in which Mattec recorded 3.5% rejects, there are some differences. For 
example the number of produced parts were lower in December and this week was 
also right before the annual Christmas leave. Another interesting result is that 
information from the regrind operators showed a reject rate of 8% from the week in 
September (Appendix 14), which is why the reject rate from the December test was 
expected to be much higher. 
 
By making the Balance ring production into a fully automated work cell, the benefit 
of manual supervision also disappears. In reality a workstation is hardly ever running 
smoothly without human interaction. To still be able to have a certain kind of human 
supervision of the Balance ring process, one of the assembly stations can be moved 
close to the work cell. This way that operator would be able to indirect supervise the 
work cell or having direct supervising work tasks mixed with the assembly work. This 
might be of a great gain at the beginning of the implementation, then automatic 
supervision can be developed using experience and knowledge from real trials. 
 

9.2 Conclusions 
The conclusions are connected to the objectives of the projects and evaluation of 
whether the goals of the project have been reached.  
 
• The project “Feasibility study on increasing the efficiency in the Plastic moulding 

operation at Electrolux Plastics division in Adelaide, South Australia.” Aims to 
investigate and find solutions to the low efficiency.   

 
In this project we have found the most critical areas of the Non-value adding work by 
using the method of Value mapping. The critical areas: 

 
-Moulding scrap 
-Transporting 
-Mould change 

 
were investigated further to find out how these areas can improve in efficiency. Once 
the mayor mapping was made the areas of interest have resulted in subsequent 
projects. Each three of the areas has resulted in subsequent projects that are currently 
running. 
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• The goal was to improve the efficiency to a target of 75% and a stretched target of 

85% from the initial 55-57%. 
 
The subsequent projects that follows with this thesis all results in improvements of the 
efficiency. By adding these together we can find out the direct effect that this project 
has had on the efficiency and the result is that by changing from the current situation 
to the new including the subsequent projects and Solution – No operator the efficiency 
will go from 55% to 69%, meaning that the goal of 75% will not be reached. 
 
The expression “Direct effect” will in this case mean the measures that have already 
been taken, even if the results on efficiency are future goals. This expression is used, 
as we believe that the Value mapping and investigating will result in further studies in 
different areas that in turn will affect the efficiency. 
 
• The stretched objective was to look at the areas of improvement, investigate these 

further and to take in consideration how the efficiency could be improved by 
introducing justifiable automation.  

 
The project with machine #40 has been conducted as a result of the Value mapping 
and the need for making an inventory of the value adding hours and making them 
even more value adding. The Machine #40 project allowed a greater deal of 
automation and gave opportunity to reduce the number of operators.  
 
Solution – No operator was evaluated as the best solution to the Machine #40 project 
according to the Specification of demands (Appendix 7). This solution reduces the 
number of operators with two in the process of Balance ring production. The 
efficiency results are as follows: 
 
 Efficiency To Goal 75% To Stretched goal 85% 

Current Situation 55% 20% 30% 
Solution - One operator 66% 9% 19% 
Solution - No operator 69% 6% 16% 
 
Table 9.1: Efficiency results on the current situation and both solutions 
 

9.3 Validity and Reliability 
The data presented in this report differs in a sens of validity and reliability. The data 
collected in the Value chart is to be considered as approximations since it differs a lot 
in reliability, but is still to be seen as a valid tool to use in order to get a fair idea of 
the Mould shop hours. The data has also been modified throughout the project in 
order to gain more reliability. In the Value chart estimations has been used as a tool to 
map the Mould shop hours. Those estimations are based on the knowledge of 
professionals in the organization and often verified by other competent personnel 
within or outside of the business. This makes us as writers confident in the 
estimations and we find them reliable for the cause of the Value mapping chart. 
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Another issue to discuss regarding the Value chart is the choice of time frame for the 
examination. If the study would have been conducted during one month or longer, the 
common sense says that the validity would have been higher but since the data from 
Mattec and other systems is very unreliable it is not sure that this would be the case. 
Also, in terms of the practical work there would have been a vast amount of data, very 
difficult to handle, if the time frame would have been a month or more. The time 
period used is in many ways to short to prove the conclusions that we have drawn but 
they can still be used as indications on where the problems are and the grade of the 
problems, which was the purpose of this survey.  
 
In time studies and work sampling the reliability and validity would satisfy the 
significance the data has in the studies and follows the methods for work studies 
explained by Whitmore (1968) and JMA Consultants (1998). 
 
Scrap calculations are mostly built on approximations and interviews. It is the two 
information sources available, except for the Mattec system. This gives a fair picture 
of the scrap volume and a more accurate data than that reported in the Mattec system. 
The available documentations have been used in the approximations to increase the 
reliability. 
 
The literature used in this thesis has to the greatest extent been as new and reliable as 
possible. As Electrolux uses, and works according to Toyota concepts some of the 
literature has been directly connected to their theories. Using knowledge of “Concept 
literature” and thereby critically reading and analysing the literature, we find that this 
has only been of gain to the project.   
 
Cycle times for operations in the Machine #40 project solutions have been hard to 
know but the estimations done are based on measures of the current equipment and 
professional opinions and therefore give a fair picture. Trials and real life tests are 
necessary to assure sufficient approximations.  
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10 Recommendations 
The following chapter will summarise the projects into recommendations for 
Electrolux Plastics department. The recommendations will include the Machine #40 
project as well as the overall project of value mapping the organization. 

10.1 Value Mapping 
The main effort of the Value mapping has been the non-value adding hours. We 
recommend that a simular study be done on the Value adding hours in order to find 
“efficiency thieves”. Machine #40 project can be seen as an example of projects for 
Value adding hours.  
 
Cycle time reductions, layout changes and organisational issues are tasks that also 
might fall into that category of projects. One big area is to investigate whether the 
cycle times are operator or machine dependent on the different machines in the plant. 
 
Further, a project with aim to improve the ergonomic situations for the operators and 
the grade of satisfaction for the employees would improve the business in a work 
environmental point of view. This thesis has been limited to the work environment of 
machine #40 and subsequent projects followed by the Value mapping project. 
 

10.2 Moulding scrap 
To measure the problem with moulding scrap, the first step is to outline the reason of 
scrap and the proper rate of rejects. Thus a report system that is user-friendly and 
shows accurate information is a priority.  
 
One reason of the large number of rejects can be problem with the tools; it is 
important to have a well-functioning maintenance system. We recommend that 
Electrolux Plastics department develop procedures in which they set standards and 
schedules maintenance and repairs of the tools. These routines should also be 
connected to some kind of software making the information available and effectible 
for the engineering staff.  
 
Automation of the machines can increase the quality of the parts as it is punctual and 
keeps the cycle times steady. This prevents the plastic to get over- or undercooked in 
the moulding machine. Also setting the quality standards and keep all levels of 
personnel well informed about those standards is a way of reducing the number of 
scrap. Education during the operator induction about quality standards could be a step 
on the way towards a uniform quality standard.  
 
Setting up a new report system, subsequently reducing the scrap level with 50% 
within 6 months has been delegated to an Electrolux project group. We recommend 
that the work of this group and any information gained from this project is taken with 
the greatest importance and gets prioritised in the nearest future, since we find the 
problem with scrap being one of the big efficiency problems. 
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10.3 Transporting 
In the value chart, driving the fork truck is referred to as transporting. This is done by 
a number of different operators on each shift and adds up to 8% of the total amount of 
the produced hours. A complete inventory of the forklift driving is found in Appendix 
1. The most important posts in transporting are the forklift drivers, the Bowl conveyor 
and the Diesetters.  
 
10.3.1 Forklift drivers 
One measure to eliminate, or at least decrease, the fork truck driving is to have an 
Automated Guided Vehicle (AGV) to serve the machines #19, #20, #22, #30, #31, 
#35, #40 and the storage area (Appendix 15). This requires re-organising the storage 
as well as the areas around the machines where the AGV would be picking up and 
leaving pallets. Other things to examine are if AGV:s are secure enough to operate 
amongst people and if it can do the operations required for picking up full pallets at 
the machines, driving to the store, putting the pallet in a designated place, picking up 
an empty pallet and leaving this by a machine. The economy is an important aspect 
and investigations have to be done whether the AGV would pay back its costs within 
a two-year period or not. The maintenance costs also have to be taken in 
consideration. 
 
10.3.2 Bowl conveyor 
Several problems around the Bowl conveyor are based on space or layout of the 
machines #36 and #39. To facilitate the transports, a pallet conveyor that runs 
“behind” the two machines would be a solution (Appendix 15). This means that all 
pallets from the two machines end up in the area between the Bowl conveyor and #39, 
which would reduce the driving route essentially. There is enough space to keep a 
small buffer so that the driver does not have to collect the pallets exactly when they 
arrive. The proposal requires increased utilisation of the two robots belonging to #36 
and #39, and further examinations have to be done considering the possibilities of the 
robots doing all the assembling and putting the parts on a pallet, now done by an 
operator. 
 
Another proposal is to put the pallet conveyor between the machines #36 and #39. 
This requires moving the #39-robot to the other side of the machine and also 
increased utilisation of both robots. On one hand, all full pallets would end up at one 
spot and all empty pallets would be loaded on one spot, but on the other hand, the 
driver has to detour the Bowl conveyor and some machines to get there.  
 
Management have discussed a suggestion of that the bowls do not necessarily have to 
cure for 24 hours. Then the store would be able to keep a leaner buffer and the forklift 
driving would be reduced by, in some way, sending the bowls directly to the Bowl 
conveyor. This might be possible through changing the layout to put the storage in 
direct connection to the Bowl conveyor-loading place, or installing an overhead 
conveyor that runs very slow, subsequently connecting to the Bowl conveyor-loading 
place. 
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10.3.3 Diesetters/ Mould technician 
Concerning the forklift driving made by the Diesetters, setting the procedures so that 
the forklift drivers always help the Diesetters moving the ancillary would probably 
reduce the problem. The ancillary also can be designed to minimise movement when 
time for mould change or change of job. An information system, making it possible 
for the forklift drivers, Diesetters, Mould technicians and Material handlers to 
communicate would improve the efficiency and making die changing run more 
smoothly. 
 
10.3.4 Pad print 
Changing the layout so that all parts to be printed are transported directly from the 
machines to the Pad print room could reduce the Team leader’s forklift driving as well 
as making the production more lean and the flows straighter. Although the efficiency 
savings are not that big, other areas such as more space and better organisation in the 
store could be improved, which in turn will affect the efficiency in a positive way.  
 
Reduction of the other forklift drivers’ tasks will also help increasing the efficiency. 
 

10.4 Tea Break 
Solutions to this problem could be the operators having tea break in smaller areas 
adjacent to the machines, or reviewing the organisation to facilitate relieving. 
 
Since this mainly is an organisational issue, it was at an early stage handed over to the 
head of Plastics to be measured.  
 

10.5 Material Handling 
How the time is spent and problems/benefits in this area are still unknown. Since this 
is a big post of the non-value adding hours it could be of interest to investigate it 
further. 
 

10.6 Mould changes 
If there would be specific procedures for how the mould change is to be preformed 
and if the communication between the production planner, the tool room and the 
Diesetters were improved, some problems in this area might be eliminated. 
 
These and other problems are to be investigated by a small work force that has 
knowledge and experience of die changing. The team’s target will be to increase the 
efficiency of the Diesetters’ and mould technician’s work with 65 hrs/ week.  
 

10.7 Two operators one paid 
A project group is currently working with a solution to this problem; the mission is to 
make these jobs one-operator jobs. We recommend that the work with these projects 
and simular projects are conducted and followed up, and hope that information we 
have gained might motivate these kinds of projects even more. 
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10.8 The Machine #40 Project 
Solution – No operator was found to be the option that suited the Plastics department 
most, in a view of efficiency improvement of the Balance ring process. That is also 
the solution that we recommend to implement.  
 
This solution will result in a big change for the Plastics plant since the process will go 
from two operators to no operators. When such a drastic change is to be conducted it 
is of a great importance that all areas of interest are fully investigated and that the 
knowledge of the process is very good. We recommend that the scrap reasons and 
levels in the Balance ring process be investigated further. This is of great importance 
so that the scrap levels are low enough to secure a smooth running process when 
automated. With automation the levels of disturbance should be very low in order to 
result in an efficient system. We also recommend that the cycle times are tested and 
our approximations are tested before introducing any new ancillary.  
 
To make the changes smoother we recommend that the process in its initial state be 
run with one operator to ensure quality and find lacks in the system. This makes it 
possible to implement the No operator solution in two steps, leaving the automation of 
the palletising to step 2.  
 
We recommend that the new design of the Balance rings be investigated further. This 
will simplify the automation process, as the bung is a difficult operation to automate. 
Two suggestions for new design has been developed, further studies are necessary to 
evaluate these suggestions to come to conclusions. We do have big hopes to this idea 
and find it worthy to all further studies. 
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Appendix 1a Value chart 
 
Value chart 

 Value adding Non value %
Mould shop 965,43 40,0
Bowl conveyor 101,42 4,2
Assembly 86,19 3,6
Pad print 82 3,4
Mould scrap, regrind, rework 195,1 8,1
Transporting 192,28 8,0
Tea break 126,47 5,2
Material handling 100 4,1
Mouldchanging 98,1 4,1
Two op, one paid 78,11 3,2
Other 389,79 16,1
Total: 1235,04 1179,85
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Appendix 1b Explenation of Value Chart 
10-17th of September 04 
Hours paid: 2542 on Plastics division 
 
 

Value chart 

Mould shop 
From Mattec + Labour time: 63616,46 mins = 1060,3 hrs 
From Regrind, more rejects: = minus 94.87 hrs 
 
Total: 965.43 hrs/week 

 

Bowl conveyor  
Time study: 1150 pieces a day (feb -04) =1217 mins/day = 101.42 hrs/week 
 
Total: 101.42 hrs/week 

 

Assembly 
Spiders: (time study) 180 medium plastic/day (Feb -04) x 0.857 = 12.86 hrs/week 
Tea bags: (time study) 4674 Agitators made during period x 0.2 = 15.58 hrs/week 
Spray arms: (time study) 4950 (spray arm welding processes preformed in one week) x 0.7 = 

57.75 hrs/week 
Rockets: Already accounted for in labour hours (Mattec) for the mould shop. 
 
Total: 86.19 hrs/week 

 

Pad print (value adding) 
Team leader: 5.33 hrs x 5 = 26.65 hrs/week 
Operators: 5.83 hrs x 2 x 5 = 58.3 hrs/week 
Set up sometimes happens during the day, 1 hrs approx once a week. 
-  85 - 3hrs = 82 hrs/week 
 
Total: 82 hrs/week 

 1



Transporting 
Bowl conveyor: 7 hrs 10 mins x 5 = 35.83 hrs/week 
Re grinders: 1hrs/day x 2 x 5 = 10 hrs/week 
Pad print: 0,5 hrs/day x 5 = 2,5 hrs/week 
Material handler: 1 hrs/day x 5 x 3 = 15 hrs/week 
Forklift drivers: 3 x 5 x 7 hrs, 40 mins = 115 hrs/week 
Die setters/mould technicians: 0.31 x 5 x 9 = 13.95 hrs/week 
 
Total: 192.28 hrs/week 

 

Tea break 
10 mins tea break 
5 mins extra at lunch 
5 mins extra at tea break 

 20 mins x 64 employees x 5 = 106.67 hrs/week 
D/s M/t: 9 x 0.44 x 5 = 19.8 hrs/week 
 
Total: 126.47 hrs/week 

 

Moulding scrap/Rework/Regrind 
Moulding scrap: From Mattec + Labour time: 2383.7 mins = ( 39,73 hrs/week ) 
  From rejects/regrind: 134.6 hrs/week 
Rework: From interview Kris: 10 % of all working time,  

working hours = 8 hrs – 20 teabreak = 7 hrs, 40 min, x5 = 2300 min  
gives 230 min rework/week = 3.83 hrs/week  

Regrind: From interview Andrew, Peter: 6hrs/day x 2 – 40 min tea break 
 gives 56.67 hrs/week 
 
Total: 195.1 hrs/week 

 

Material handling 
Material handlers: 6 hrs, 40 min x 3 x 5 = 100 hrs/week 
 
Total: 100 hrs/week 

 

Mould change/ preparing mould change 
Die setters/ mould technician: 2.18 x 5 x 9 = 98.1 hrs/week 
 
Total: 98.1 hrs/week 
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Two op, one paid 
From Labour time + info Team leaders = 78.11 hrs/week 
 
Total: 78.11 hrs/week 

 

Quality checking 
Team leaders: 3 hrs/day x 3 TL x 5 days = 45 hrs/week 
Pad print: 4 hrs/day – 10 mins = 19.17 hrs/week 
 
Total: 64,17 hrs/week 

 

Shift overlap 
6 mins/day x 63 employees with shift work = 31,5 hrs/week 
30 min/day x 9 employees, die setters = 22.5 hrs/week 
 
Total: 54 hrs/week 

 

Walking 
Die setters/mould technicians: 1.09 x 5 x 9 = 49.05 hrs/week 
 
Total: 49.05 hrs/week 

 

Talk – work related 
Die setters/mould technicians: 1.01 x 5 x 9 = 45.45 hrs/week 
 
Total: 45.45 hrs/week 

 

Planning 
Team Leaders: 3 x 5 x 2 hrs = 30 hrs/week 
Die setters/Mould technicians: 0.31 x 5 x 9 = 13.95 hrs/week 
 
Total: 43.95 hrs/week 
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Trouble shooting 
Die setters/ mould technicians: 0.70 x 5 x 9 = 31.5 hrs/week 
 
Total: 31.5 hrs/week 

 

House keeping 
Pad Print: 3 x 50 mins = 150 mins x 5 = 12,5 hrs/week 
Die setters/mould technicians: 0.31 x 5 x 9 = 13.95 hrs/week 
 
Total: 26.45 hrs/week 

 

Try out 
Die setters/ mould technicians: 0.47 x 5 x 9 = 21.15 hrs/week 
 
Total: 21.15 hrs/week 

 

Packing 
Pad print: 4 hrs/day – 10 tea break = 19.17 hrs/week 
 
Total: 19.17 hrs/week 

 

Set up Pad Print 
Morning set up: 15 hrs/week 
Day set up: 3 hrs/week 
 
Total: 18 hrs/week 

 

Prep ass 
Kris: 16.9 hrs/week 
 
Total: 16.9 hrs/week 
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Appendix 2 Benchmarking 
 

Philmac Pty Ltd 
The visit to Philmac was conducted on the 15th of October 2004. The company 
manufactures fittings and valves for pipeline systems and irrigation products.  
 
The number of employees are 250 and 170 of them work in the production. 
 
The production runs for 24 hours a day for 5-7days a week. 

Raw material 
• 80% polypropylene 
• 1400 tonnes used every month 
 

The plant 
• Machining for brass and injection moulding 
• Approximately 300 different components  
• 6-10 million parts per month 
• 44 moulding machines in the shop 
• Weight between 22 and 500 tonnes  

 
• Approximately 300 dies 
• Endeavours family dies to minimise tool changes 
• Philmac designs the tools but another company is hired to make them 
• 8 tooling staff on 2 shifts working with maintenance of tools 

 

Operator work tasks 
• The operators put the parts in bins, subsequently placing them on a conveyor 

belt that goes into the packing area  
• Majority of the machines are automatic, one operator looks after 4-5 machines 
• Assembly work in the factory is mostly automated (small robots) 

 
• Two different packing areas; compression fittings and micro irrigation fittings 
• The work is mostly manual and fairly repetitive 
• Mainly putting the parts in plastic bags putting bar codes on every part 
• Some assembling as well 

 
• 15 mould setters 
• Approximately 860 mould changes per month  
• 30 minutes per change 

 
 



Quality 
• Approximately 0.8 % scrap  
• Rejects are sent away to be recycled 
• Quality checking conducted in special room 
• Mainly measuring of dimensions 
• Part brought back to the machine to be a model to the produced parts, the 

operator is responsible to make sure following parts are appearing the same as 
the model part 

 

Air International Group Limited 
Air International is a tier-one supplier to the world’s automotive industry, specialising 
in Heating Ventilation and Air Conditioning (HVAC), Seat Systems, Steering 
Systems, Metal Pressings, Fabrication, Modular Assemblies and Rail and Bus HVAC 
Systems. The company employs over 1500 people through its facilities in Australia, 
the UK, USA, Thailand, India, China and Malaysia and is supported technically by 
the Lear Corporation. 
  
The plant in Elizabeth, Adelaide employs 420 people and makes air conditioning 
systems and carpets for Holden and Mitsubishi. Car seats and DVD screens and 
players for Holden are assembled here as well.  
 
The visit was conducted on the 20th of October 2004. 

The plant 
• They make approx 200 000 carpets/year and half of it goes to export. 
• Approx 800 carpets/day goes to Holden 
• Approx 140 carpets/day goes to Mitsubishi 

 
• The company works on three shifts 
• Air Con and seats are mainly manufactured on day and afternoon shift, on 

night shift only support personnel 
• Carpets are manufactured over three full shifts because of the complicated 

process 
 

• This is mainly an assembly plant 
• The seats are assembled on a line, which stops for 52 seconds at each 

workstation  
• Same sequence here as for the manufacturing line at Holden 

 
• The plant works with JIT and the Kanban system 

 
• The Holden factory is only a short distance away; some parts are transported 

with a conveyor from Air International to Holden, and some parts are 
transported with a lorry 

 



Quality 
• The scrap rate is worth $ 700-800 /day 

 

Holden  
Holden is Australia’s largest manufacturer and distributor of motor vehicles, engines, 
components and parts and the parent company is the General Motors Corporation. 
The main business at Holden Vehicle Manufacturing Operations in Elizabeth, South 
Australia is plastics, body tool design, stamping, sheet metal and body fabrication, 
painting and vehicle assembly. The number of employed in 2003 were 8,950 and the 
total vehicle retail sales figures for 2002 were 178,392. 
 
The average daily vehicle production in Elizabeth is 780 and models for the 
Australian market as well as export to USA, the Middle East and Africa are 
manufactured.  
 
In the Plastic moulding operation in Elizabeth, 18 different types of bumpers are 
made. 
 
The visit was conducted on the 20th of October 2004. 

Raw material 
• Approximately 80% of the raw material is polypropylene 
• 8300 kilos of material gets through every day (not including the scrap and the 

purges) 
 

The Plant 
• There are 24 plastic moulding machines between 4000 and 550 tonnes 
• All machines are automated  
• Most of the parts have to be laser cut after moulded and this is automated as 

well 
• The moulds weigh 25-30 tonnes and are held on place with hydraulic clamps 
• There are no problems with flashes since the machines are large and the 

toolmakers very good 
 

Operator work tasks 
• Trimming and flaming have to be done at all parts, this is made by hand 
• Always two die setters changing the dies 
• Approximately 6 changes per shift on the bigger machines 

 

Quality 
• All rejects are sent away to be recycled 

 
 



Caroma Industries Limited 
Caroma has since 1941 provided the Australian market with vitreous china sanitary 
ware, bath and shower trays and tap ware products. The plant in Adelaide has 160 
employees and produces cisterns, toilet seats, traps, fittings and accessories as well as 
internal components for vitreous china cisterns using injection and compression 
moulding. 
 
The factory runs on 3 shifts on weekdays and sometimes on the weekend. 
  
The visit was conducted on the 25th of October 2004. 

Raw material 
• The materials used are polypropylene and ABS 
• Some of the machines have a similar material distributing system as 

Electrolux’ Plastics department 
• Some machines are loaded by the operators themselves; a material handler 

places the bags of raw material at the machines and this should last for 24 
hours 

 

The plant 
The factory consists of four shops 
 

• In shop 1 small automatic moulding machines  
 

• Shop 2 bigger machines 
 

• Shop 3 has got manufacturing cells containing 3 – 4 machines put together 
with one robot serving all machines or a cell with two machines and two 
robots working together 

• Robots do ultrasonic welding, assembling or vacuum testing 
• Cisterns for toilets are assembled here. An operator puts all parts that go into 

the cistern on a jig. A robot then puts a cistern cover over the jig, welds it all 
together subsequently putting the finished cistern in a cardboard box. The 
cardboard box is the put on a pallet by the robot, which also wraps tape around 
the boxes to keep them together. 

 
• Shop 4 has the biggest machines (850-tonnes), which make for example toilet 

seats  
• This operation is automated; a robot takes the part from the machine and 

places it on a circular jig. When the part has cooled for 4 cycles, a machine 
cuts sprues off and then the robot places it on a conveyor belt. An operator 
then packs the part. 

 
• Also complete manufacturing cells with compression moulding 
• A robot pours powder in a die and removes the part from the die when 

moulded. The robot also trimms the edges of the part. 



Operator work tasks 
• Packing of the products made at the machines; the products are then ready to 

go to the retail shops 
 
• Approximately 6 – 18 mould changes are made per day 
• Changing moulds take between 15 minutes and 4 hours but generally 30 

minutes 
 

 
• 6-7 tooling staff and 1300-1500 active tools  
• The tools have a good design and requires minimal maintenance 
• Tools weigh 6 tonnes or less 

 
 

Benefits for the project 
The Benchmarking visits showed there is a lot of possibilities for automation and 
mechanisation of plastic moulding operations. Since some products were similar to 
the parts produced at Electrolux, many ideas and concepts were useful in the work of 
further automation of the Electrolux plant, especially in the Machine #40 project. 
Other areas such as storage, organisation and scrap has influenced our solutions and 
also made us aware of advantages and disadvantages of Electrolux Plastics division. 
 



Appendix 3 Map of Plastics department 

 



Appendix 4 Map of Beverly Plant 

 



Appendix 5 Activity Sampling 
 
Activity D.S M.T Total % Time (hrs) 
Tea break 8 4 12 11,0 0,94 
Forklift driving 4 0 4 3,7 0,31 
Talk  9 4 13 11,9 1,01 
Operating - relieving 13 2 15 13,8 1,17 
Tryout 2 4 6 5,5 0,47 
Mould change/ prep mould c 23 5 28 25,7 2,18 
Trouble shooting 3 6 9 8,3 0,70 
House keeping 4 0 4 3,7 0,31 
Walking around 12 2 14 12,8 1,09 
Administration 1 3 4 3,7 0,31 

 109 100,0 8,50 
 
 
 

Time (hrs) Tea break

Forklift driving

Talk 

Operating - relieving

Tryout

Mould change/ prep
mould c
Trouble shooting

House keeping

 



Appendix 6 Production Forecast 
 
       
Production forecast November 2004 to October 2005      
       
       
Part No of parts per year Time per part [mins] Total time per year [mins]    
0223 230 001 Large Balance ring 112,877 1 112,877   
0028 206 002 Medium Cover Outer Bowl 156,641 0.42 65,790   
0223 204 001 Medium Balance ring 156,613 0.85 133,121   
0339 232 001 Westinghouse Lid 20,640 1.84 37,978   
 446,771 349,766   
       
       
 



Appendix 7 Specification of Demands 

Specification of demands, machine #40 
The suggestion to changes on machine #40 are done to improve the efficiency by 
reducing labour hours or decreasing cycle times.  
 
Efficiency 
As the Machine #40 project lies under the project of an overall efficiency 
improvement at Electrolux plastics division, the minimum of a 50 % efficiency 
improvement of the Balance ring production is required. 
 
Economy 
The expenses and profits this project generates must all fit in to the two-year payback 
period that is established at the Plastics division, Electrolux.  
 
Quality 
To meet the requirements of reducing the scrap by 50% in the Mould shop, the same 
level is set in this project.  
 
Layout 

Flow 
The production flow within the workstation is to be designed to 
shorten transports and straighten the products way of progression. The 
capacity to be calculated on a total of 446,771 parts and 269,490 
Balance rings per year. 

Space 
The workstation is intended to be able to run all parts (medium and 
large Balance rings, COB and Westinghouse lid) without obstacles. 
Changing jobs is to be done smooth and the area not to be congested to 
operators or maintenance. 



 
Technical requirements 

Moulding tools 
The moulding tools must be designed to fit the present moulding 
machine and they can have no sprues or gates that requires subsequent 
adjustments. 

Machinery 
All machines in the robot cell have to be able to run on a cycle time of 
maximum 0.729 mins for large Balance rings and 0.579 mins for 
medium. If operations are to be integrated, the combined cycle time 
has to stay within the 0.729 and 0.579 mins limit. 

  
Welding 

   The two cavities must be welded together 
Pressure testing 

   All parts have to be tested for leaks 
Saline filling 

All parts have to be filled with a salt-water solution to keep the 
balance capacity of the ring 

Sealing 
   All parts have to be sealed after filled 

Date marking 
Device to mark every part with date and time has to be 

 available 
Weighing 

   Equipment for weighing every part has to be available 
Palletising 

A minimum of 67 parts per hour and a maximum of 80 parts 
per hour are to be handled (Chapter 3.9 “Machine #40”). 

 
Work environment 

Psychological/ social work environment 
The psychological/ social work environment is to be designed to 
encourage operator self-determination and reduce work related stress. 
Social contact is also to be taken in consideration. 

Physical work environment 
Heavy lifts and work with a lot of repetition are to be planned towards 
being reduced and equipment to eliminate noise and to compensate for 
changes in the climate shall be available. 

 
Implementation 
The implementation is planned towards being as facile as possible. The production 
losses to be minimised and the practical procedure to be accomplished the easiest 
way. 



Appendix 8 Time studies  

Large Balance Rings 

 



Medium Balance Rings 
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Appendix 9 Balance Ring Justification 
Efficiency Improvement Project  - Medium & Large Balance Ring. 
Scrap Reduction 
Improved cycle times. 
Post Moulding labour reduction by 50% (2 operators to 1 operator.) 
 
Scope; 
Currently both Medium & Large Balance rings use 2 operators post injection moulding in 2 cells.  
Operator 1 is required to detab & deflash the moulding before placing the moulded parts into a hot plate welder.  
Operator 2 in the second cell, then leak tests the welded part before filling with a saline solution, ultrasonically welding 
a plug to the filled balance ring before weighing & palletising the completed part. 
 
Concerns with the current methodology. 

 Labour intensive due to the current requirement to use 2 operators post moulding in 2 separate cells. 
 Tools are in a very poor state & require major expenditure to extend life. 
 Medium Balance Ring Hot Plate welder is in poor state & also needs upgrading to reduce rejects made. 

 
Cost Saving Proposal. 

1. Build new mould tools to replace both Med & Large Balance Ring moulds. 
Quotations have been sourced to rebuild the current medium tool to extend its useable life / or replace 
the existing tool with a completely new tool. (Both of the Balance Ring moulds are approx 19 years old) 
Quotations received prove it to be more viable to purchase a new tool.  
Additional benefits would be cycle time reductions through improved tool designs. 
 

2. Both hot plate welders are also nearing 20 years old.  
In October 03, the Large B/R Hot Plate welder went through a major upgrade, which improved weld 
plate life & also reduce the reject rate. 
The Medium Hot plate welder is now in a very poor state, with 90% of total rejects, resulting due to 
poor welding. 
 

3. Build a fully automated Hot Plate welder to go into the robot cell, reducing post moulding labour needs 
by 50%. 
  

Considerations & Proposed Savings. 
 
Part 1.  
Scrap Reduction. 
In May 03 to April 04, $15.2K was paid to PGS for the regranulation of approx 16 Tonne of Balance Ring Material. 
 
This equates to 23800 rejected Medium Balance Rings over the 12 months, costing $19.4K in lost labour. & 11.8K in 
lost machine time. 
 
Losses for 4000 rejected Large Balance rings in the same period were $3.8K Labour, & $2.3K in lost machine time.  
 
A Total Cost of $ 52.6K over the above period. 
 
It is estimated that 80% of materials sent for waste or reprocessing are a direct result of poor welding of Balance rings.  
 
Total Cost for Balance Rings rejected after welding process = 80% of Total Reject Costs or $ 42K. 
 
Part 2.  
Labour Savings with new Injection Moulds. 
Both Balance Ring Tool are approximately 19years of age & show signs of deterioration. For both tools there is 
considerable time spent removing either sprue, gate tabs, or deflashing both halves prior to loading them into the Hot 
Plate Welders. The movements required for this pre-welding work also raise Occ Health concerns such as possible 
injuries related to Carpel Tunnel syndrome. 
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Quotes have been sourced to rebuild the Med Balance Ring tool to extend tool life / or replace with a brand new tool. 
Return quotes show that it will be more favourable to build a new tool. 
 
Possible savings to the business of approx $30k per annum can be gained if current cycle times can be trimmed by 10% 
reducing shift labour requirements per by approx .03 employee’s. 
 
This can be gained through improvements in the part design if allowed & improved cooling in the mould. 
 
Current Medium B/R cycle time of 51.1secs reduced to 46 secs. 
Current Large B/R cycle time of 60.0 secs reduced to 54 secs.  
 
Part 3 
Labour Reduction through Automation of Welding Process utilising robot. 
Reduce the labour required by introducing an Automated Welding Process, utilising the robot to place the moulded 
components in the Welding unit will give considerable payback. 
There is currently a 20 second wait time in the robot cell, which could be fully utilised for the above reducing post 
moulding operators by 50%. 
 
This has been calculated as a reduction of approx .8 of an employee person per shift. Calculating labour costs including 
penalty rates. Savings per year annum are: $137.5K. 
 
 
Summary. 
The current method to manufacture both balance rings is labour intensive, using 19-year-old tooling and machinery. 
There is no fallback if any of this tooling / machinery should have a serious breakdown, potentially causing a line 
stoppage in less than two days, depending on the stock level in Plastics at the time.  
Current reject costs are considerable due to the age & condition of both tooling & post moulding equipment. 
 
Based on the savings indicated above, there is a significant saving to the business annually, after the initial capitalisation 
for the project is spent, to improve upon the current situation. 
 
Approximated savings per year. 
 
Part 1. Reject reduction with new fully automated welder in robot cell. Target 70 % saving on previous  = $29400.00. 
Part 2. Introduce new tooling, reduction in cycle time & labour requirements.            = $30000.00 
Part 3. 50% Labour reduction with introduction of automated welding process, 1 operator post moulding. = $137500.00 
Total savings per year.           = $196.9K 
 
Capitalisation Costs  
New Medium Balance Ring  Tool   = $40000.00 
New Large Balance Ring Tool  = $45000.00? 
New Fully Automated Welding unit.  =?  
New Robot Grippers (Balance Rings)  =? 
Modifications to robot cell.  =? 
Modifications to post moulding cell =? 
New gripper (Med Cover Outer Bowl. Flexibility to share this tool with IMM #32.) 
 
 
 
Ian Millhouse  
Production Superintendent – Plastics 
EHP – Washing Products. 



Appendix 10 Economics Solution 2 
Solution 2   
 Investments [$] Savings [$] 
Toolsº 200000  
Multi comb. Machine* 100000  
Palletiser 35000  
Electrical/ impl. cost¹ 73000  
   
Remove 2 operators  225000 
Overtime reduction²  19900 
Scrap reduction³  26300 
   
Total 408000 271200 
   
Years payback =   1.5 
   
 
 
º Two tools, satisfying all demands set in Appendix 8 “Specification of demands”  
 
¹ Quote from SAGE Automation found in Appendix 13 
 
² Economical savings of not having to work over time, labour time only 
 
³ Reducing the scrap level to 50% as set in the target of subsequent project, Appendix 10 
“Balance ring Justification” 
 
 
 
* Price from Mechsol was 55000, price is assumed to be to low and has to be investigated 
further. Waiting for quote from Ultrasonic, Danish company. The price is temporary set to 
100000 Aus $. 



Appendix 11 Evaluation 
 

  Current situation  Solution - One operator  Solution - No operator  
 Weighting Points Total Points Total Points Total

Efficiency 10 1 10 3 30 4 40
Economy 10 3 30 4 40 4 40
Quality 8 2 16 4 32 4 32
Layout 9
       Flow 3 3 9 4 12 5 15
       Space usage 6 2 12 4 24 4 24
Technical requirements 5 2 10 3 15 5 25
Work environment 6
       Psychological/ social 3 3 9 3 9 5 15
       Physical 3 2 6 4 12 5 15
Implementation 5 5 25 4 20 2 10
Total 265 127 194 216

 48% 73% 82%
 

 



 

Quotation 
 SAGE Automation (SA) Pty Ltd 

 
34 Bennet Avenue 
Melrose Park S.A. 5039 
 
PO Box 834 
Melrose Park S.A. 5039 
 

8 8276 0700 
8 8276 0799 

sage@sageautomation.com 
omation.com 

Telephone +61 
Facsimile +61 
Email
Web www.sageaut

 

ABN 59 104 119 833 

 
 
 

Appendix 12 Mould Machine Modifications 
 
Sage Reference: 13855 
(Please quote the above reference number on any future correspondence relating to 
this project) 
 
Tuesday, 7 December 2004 
 
 
Pernilla Forsberg 

Electrolux Home Products 

Plastics Division 

Beverley S.A 

 
Budget Quotation: Mould Machine #40 Modifications and Additions 
 
 
Dear Pernilla, 
We are pleased to submit the following quotation for your consideration. 
 
As a firm mechanical concept has not been confirmed at the time of this budget quotation. Some 
assumptions have been made to enable budget costings to be performed. These assumptions have 
been highlighted within this document.  
 
Assumption – This quotation has not taken into account the requirements of the “Multi Combination 
machine”. 

Scope of Work 
General 

 Electrical schematic updates and additions. 
 Remove one of the existing two Mattec production monitor units. 
 Relocate outfeed conveyor. 
 Relocate existing main electrical control enclosure and robot control enclosure. 
 Supply and install additional 600mm wide “Rittal” electrical enclosure for additional hardware. 
 Upgrade DC24V power supply. 
 Supply and installation of all conduit and cabling requirements. 
 PLC programming and commissioning. 
 Incorporating addition status displays and controls on touch screen to accommodate additional 

hardware. 
 All manual control will be via touch screen operation. 
 Upgrade, the existing PLC hardware, this includes the following devices. (The proposed 

modules are standard digital, “Non-Safe” I/O modules). 
 Main rack expansion module. 
 Expansion rack cable 
 Expansion Rack 
 Expansion Rack power supply 
 Expansion rack connector. 
 2x 32 point input modules. 
 1x 32 point output module. 
 1x 16 In / 16 Out combination module. 
 Interface terminals and relays. 

 

Guarding 

Assumption – Distances from the light guard to hazard will need to be confirmed when considering 
the final layout. 

Comment – Consideration should be given to ensure that all relevant requirements are met, with 
consideration to AS2939 Industrial Robot Systems – Safe Design and Usage. 
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 Remove existing muted exit light guard from one end of existing outfeed conveyor. 
 Implement additional perimeter fencing interlock plugs. 
 Relocate the above light guard to completed pallet exit conveyor. This light guard will have a 

mute function for pallet transfer. 
 The existing two operator access gates to be retained. (Dependant on suitability within layout 

and safety requirements). 
 Supply and install additional muted light guard for in-coming pallet area protection. This will 

consist of the following devices: 
 “SICK FGS” 300mm sender and receiver. 
 Mounting brackets 
 Mute indicator lamp 
 Mute photoelectric operation switches. 

 

Pallet Transfer Conveyor System 

Assumption – The conveyor system will consist of three chain conveyors to automatically transfer 
the pallets between each position. 

 Each chain conveyor will be driven by variable speed drives. 
 Each motor will be connected via plug / socket. 
 Supply and electrical installation of pallet detection requirements. 
 PLC programming to allow automated pallet transfer. Including interlocking with robot controls. 

 

Stack Table 

Assumption – Rotation of the table will be performed via a 6Nm Siemens 611U servo system 

 Supply and electrically install Siemens servo positioning control system. This will enable the 
table to stop accurately at pre-determined positions depending on the part being produced. 

 Including the supply of 6Hm servo-motor. 
 Communications between the servo controller and PLC will be via digital I/O hand shacking. 
 The pallet load table will incorporate a lift motion. 
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Qualification 
No allowance has been made for the following 

 Modification or installation of mains, AC415V supply cabling. 
 Robot programming and commissioning. 
 Mounting of electrical detection devices and enclosures. 
 Expansion of robot digital I/O capacity. 
 For penalty rate working hours. 
 Modification to the existing linear travel axis. 
 Supply of pneumatic devices, including cylinder sensors and pressure switches. 
 Supply of energy chain “Drag Chain” requirements. 

Delivery 
 To be confirmed. 

Conditions 
Please refer to attached ‘Standard Conditions of Contract’. 

Budget Pricing 
Our fixed and firm pricing for the forgoing scope of works, excluding GST, is  
$73,300.00 

(Seventy three thousand, three hundred dollars) 

 

 

 
We thank you for the opportunity to submit this quotation and should you require any further 
information regarding the above please contact the undersigned. 
 

 
Assuring you of our best attention at all times 
 
 
SAGE Automation 
 
 
 
 
 
Andrew Carlier 
 
Direct Number : (08) 8276 0715 
Mobile Number : 0417 880 525 
Email Address : andrew.carlier@sageautomation.com 
 

 

App12_Mould Machine Modifications.doc  Page 3 of 6 

http://www.sageautomation.com
mailto:carlier@sageautomation.com


  www.sageautomation.com 

 
Standard Conditions of Contract 

Invoicing and Progress Claims 
 
Unless otherwise stated in the forgoing document, a 20% progress claim will be invoiced upon 
acceptance of order and prior to commencement of work. Further progress claims will be submitted 
at the end of each month for goods and services provided within that month. This includes 
equipment purchased, constructed or manufactured and the associated services completed and/or 
in progress at SAGE Automations premises or nominated operations base. 
Our terms of payment are net and thirty (30) days from the date of monthly progress claim and/or 
invoice. 
All materials and equipment remain the property of SAGE Automation until payment is received in 
full. 
Unless otherwise stated a Bank Guarantee will be issued in lieu of any retention monies and/or 
security deposits.  
It is at SAGE Automations discretion if interest shall be charged for late payments. 
Unless otherwise stated this quotation is valid for 30 days. 
Exchange Rate is $Au 

 

Escalation 
Sage reserves the right to pass on any increases price in price from our suppliers during the life of 
the contract. 
 

Working Hours 
Unless otherwise stated in the forgoing document, allowance has been made for work to be carried 
out unimpeded during a normal forty (40) hour working week. 
Our typical working hours, unless otherwise stated, will be Monday to Friday 7.30am – 4.00pm 
(Including a 30 minute lunch break). 
Should the number of working hours per week / period increase from that on which our quotation / 
tender is based and the reasons for such increase are not attributed to SAGE Automation, a 
variation for the penalty rates involved (and any other insufficiencies) will be claimed. 

Site And / Or Special Allowances 
No provision has been included for any special or additional site and/or special allowances not 
provided for in the Metal, Engineering and Associated Industries Award 1998(Revised July 1999). 

Site Amenities 
We assume site amenities will be provided by others, for our personnel’s use, at no cost to SAGE 
Automation. 

Insurances 
Where insurance is being undertaken by others, we assume that details of the policy cover are not 
inconsistent with or effect our normal insurance policies and that no responsibility or increased 
deductibles can be accepted by SAGE Automation. 

SAGE Automation makes no allowance for contract works insurance unless specifically stated within 
the qualifications above 
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Warranty And Defect Liability Period  
Sage guarantees to replace, or at its option repair, any equipment or parts thereof which are found 
to be defective in materials or workmanship within one year from the date of delivery. Sage’s 
obligation with respect to such parts shall be limited to the replacement or repairs f.o.b jobsite, and 
in no event shall Sage be liable for consequential or special damages, or for transportation, 
installation, adjustment or other expenses which may arise in connection with such parts or 
equipment. All parts or products not manufactured by Sage will be covered only by the express 
warranty of the manufacturer. The warranty does not extend to damage caused by misuse, 
negligence, accident, corrosion, modification by the client, faulty installation, loss of product, or 
tampering in a manner to impair normal operation of the equipment 

Limit of Liability. 
In no event, regardless of cause, shall Sage assume responsibility for or liability (a) for penalties or 
penalty clause of any description, or (b) for indemnification of customers or others for cost, 
damages, or expense each arising out of or related to the goods and services of this order or for 
certification unless otherwise specifically provide herein or (c) for indirect, incidental, special or 
consequential damages under any circumstances including loss, injury or damages. Sage’s 
maximum liability, including direct damages, shall not exceed the amount of the project contract. 
This limitation of Sage’s liability will apply regardless of the form of action, whether in contract or 
tort, including negligence 
 

Confidentiality.  
Any information, suggestions, or ideas transmitted by the client to Sage in connection with 
performance hereunder are not to be regarded as secret  or submitted in confidence except as may 
be otherwise provided in writing by the client and signed by a duly authorised representative of 
Sage. 

Computer Hardware. 
Although all care will be taken, SAGE Automation cannot accept any responsibility for 
incompatibility between the clients existing computer hardware and the software supplied under 
our contract. 
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SAGE AUTOMATION SOFTWARE END USER LICENSING AGREEMENT 
Copyright (c) 2002 SAGE Automation, All Rights Reserved 

License Agreement 
You should carefully read the following terms and conditions before using the software.  By 
accepting our quotation or using the software you indicate that you accept this license agreement. 
THE SOFTWARE IS LICENSED, NOT SOLD. 

Grant of License 
This licensing agreement grants you the following rights: 

- Internal Use: the end-user is entitled to use the software for internal use only within the 
site it was originally purchased for. The software may be copied or installed on any other 
PC’s within the site subject to the licensing of our suppliers software. 

- Modifications: the software may be changed by end-user or another party for the purpose 
of changes to the way the software is required to operate or to fix any errors. If 
modifications are made to the software SAGE Automation is not liable to fix any problems 
caused by the modifications. 

Restrictions 
- Distribution: the software must not be sold or distributed to any other party or site within 

the company without the prior consent of SAGE Automation. 
- Copyright: All title and copyrights in and to the software, the accompanying printed 

materials, and any copies of the software are owned by SAGE Automation or its suppliers. 
All title and intellectual property rights in and to the content that may be accessed through 
use of the software is the property of the respective content owner and may be protected 
by applicable copyright or other intellectual property laws and treaties. This EULA grants 
you no rights to use such content. You may not remove or modify any copyright notice or 
the method by which it may be invoked. 

- Trademarks: This EULA does not grant you any rights in connection with any trademarks or 
service marks of SAGE Automation. 

Disclaimer 
In no event unless required by applicable law or agreed to in writing will SAGE Automation be liable 
for any damages, including any general, special, incidental or consequential damages arising out of 
the use or inability to use the program (including but not limited to loss of profit, loss of data or 
data being rendered inaccurate or losses sustained by you or third parties or a failure of the 
program to operate with any other programs), even if such holder or other party has been advised 
of the possibility of such damages. 

Reservation of Rights 
All other rights and restrictions not specifically granted in this license are reserved by SAGE 
Automation. 
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Appendix 13  
 
How to reach the efficiency 
targets 

  

  
 Total prod. 
Hrs 

Productive 
hrs 

Efficiency 
(%) 

Reduced 
hrs 

Number of employees, 
3 shift* 

Current situation 114240 63430 56
Target of 75% 84570 63430 75 29670 17,3
Streched target 74630 63430 85 39610 23

  
Assumption: Productive hrs stays the same 

  
*Calculating the efficiency improvement in labour reduction 
only 
(7.8 hrs day/shift and 220 days 
Year) 
 



Appendix 14 Rejects 

Regrind 
 
Two kinds of regrinding; 

• Regrind here 
• Regrind outsourced 

 
 
Outsourced: 
10-17/9 
Top panels Simpson, mostly Medium 
Labour time Large: 1.330 
Labour time Medium: 1.200 
1035 parts  
Approximation:  60% M = 620 1.20 x 620 = 744min = 12.4 hrs 
  40% L  = 415 1.33 x 415 = 552min = 9.2 hrs 
 
Balansrings 
Labour time Large: 2.0 (#40) 
Labour time Medium: 1.84 
480 parts 
Approximation:  50% L  = 240 2.00 x 240 = 480min = 8 hrs 
  50% M = 240 1.84 x 240 = 442min = 7,4 hrs 
 
Top panel Westinghouse, mostly Large 
Labour time Large: 1.6 
Labour time Medium: 1.5 
115 parts 
Approximation:  60% L  = 69 1.6 x 69 = 110min = 1.8 hrs 
  40% M = 46 1.5 x 46 = 69min   = 1.2 hrs 
 

• Top three rejects. Pretty accurate information from no of pallets sold x no of products 
in the pallet. Only the top three rejects.. 

 
• This adds up to a cost of $9095 in material, machine and labour time. Only the direct 

cost of producing that part. 
 

 
Total: 40 hrs 
 
Regrind here 
10-17/9 
 
ABS: 550 kg 
HIPS: 650 kg ( only PMS ) 
VALOX: 1150 kg 
P/PROP: 370 kg 
 
HIPS: 
PMS 
Average Labour time Medium: 0.56 
Average Labour time Large: 0.89 
650 kg/week 
Approximation 50% each 
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Appr. Weights, L: 0.45kg 325/0.45 = 722 parts 722 x 0.89 = 643min  = 10.7 hrs 
  M: 0.31kg 325/0.31 = 1048 parts 1048 x 0.56 = 587min = 9.8 hrs 
 
P/PROP: 
370kg 
Top three is Agitators, COB and Fan housing 
 
Agitator 
Approx. 170 kg 
Labour time Large Hoover: 1.33 
Labour time Medium Hoover: 1.263 
Labour time Large Simpson: 1.33 
Labour time Medium Simpson: 1.263 
(Almost no Tallboys) 
 
Approximation: 25% each  
Weights,  LH: 0.667kg 42.5 / 0.667 = 64 parts 64 x 1.33 = 85min      = 1.4 hrs 
  MH: 0.452kg 42.5 / 0.452 = 42 parts 42 x 1.263 = 53min  = 0.9 hrs 
  LS: 0.617kg 42.5 / 0.617 = 69 parts 69 x 1.33 = 92min    = 1.5 hrs 
  MS:  0.452kg 42.5 / 0.452 = 94 parts 94 x 1.263 = 119min  = 2.0 hrs 
 
 
COB 
Approx. 140 kg 
Labour time Medium: 0.42 
Labour time Large: 1.346 
Labour time Tallboy: 1.1 
 
Approximation: 33.3% each 
Weights, M: 0.298kg 46.6 / 0.298 = 156 parts 156 x 0.42 = 66min  = 1.1 hrs 
  L: 0.5885kg 46.6 / 0.5885 = 79 parts 79 x 1.346 = 106min  = 1.8 hrs
  T: 0.757kg 46.6 / 0.757 = 62 parts 62 x 1.1  = 68min  = 1.1 hrs 
 
Fan housing 
Approx. 60 kg 
Labour time Single: 0.86 
Labour time Double:0.86 
Approximation: 50% each 
Weights, D: 0.45kg 30 / 0.45 = 67 parts 67 x 0.86 = 57min   = 1.0 hrs 
  S: 0.31kg 30 / 0.31 = 97 parts 97 x 0.86 = 83min  = 1.4 hrs 
 
VALOX 
 
End caps 
Approx. 1150kg 
Labour time all types: 1.0 
Weights, 0.5kg (lh,rh)  1150 / 0.5 = 2300parts 2300 x 1 = 2300min  = 38.3 hrs 
 
 
ABS: 
Approx. 550kg 
 
Panel moulding switch 
Approx. 275kg 
Labour time: 0.9min 
Average weight: 0.475kg 275 / 0.475 = 579parts 579 x 0.9 = 521min = 8.7 hrs 
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Panel 
Approx. 165kg 
Labour time: 0.78min 
Average weight: 0.34kg  165 / 0.34 = 485parts 485 x 0.78 = 379min = 6.3 hrs 
 
Trim Drawer 
Approx. 110kg 
Labour time:0.75min 
Average weight: 0.16kg  110 / 0.16 = 688parts 688 x 0.75 = 516min = 8.6 hrs 
 
 
All Total:  134.6 hrs 
 
 
 
Pad print rejects! 
 
Scrap Reports – Start up 
 
Rejects reported in connection to mould change. 10-17/09 
 
Total number of rejects: 457 
Rejects/day: 91.4 
Most common part: PMS, 82 parts (18%) 
Most common shift: N/S, 258 parts (56%) 
 
Number of mould changes in this period: approx 56 (Mattec) 
Average number of scrap per mould change: 8 
 
In this time a lot of approximations has been made. The weights are all pretty accurate 
since there is daily data on reject weights of every material re-granulated in the 
plastics department. When this weight has been transformed into labour hours, 
knowledge from the regrinders has been used on the most common parts of each 
material. An approximate percentage has been used. Labour hours and weights have 
been gathered from Magman. 
 
The data on outsourced material is pretty accurate. The parts that go for regrind are 
transported in pallets and each pallet and weight is recorded. Knowing which parts and 
number of parts in every pallet gives an accurate approximation.   
 
No time for Pad Printing is calculated in these numbers for time to produce scrap. This 
would effect the value/non value relations even more. 
 
Comparing Mattec and Regrind numbers of the Rejects, show that 40% of the rejects 
gets reported by Mattec (in that case). 
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Appendix 15 Layout 

 



Appendix 16 Efficiency Solution 1 & 2 
 
        
All solutions Hrs  Solution 1 Hrs  Solution 2 Hrs 
        
Two operators one paid 3437 Labour reduction 3894 Labour reduction 7788
Scrap reduction 50% 2970 Overtime reduction 687 Overtime reduction 687
Mould t/ Die s MS reduction 2970 Cycle time reduction 449 Cycle time reduction 282
Regrind one oprator 1247 Tea break, Allowance, Shift overlap 738 Tea break, Allowance, Shift overlap 1483
Tea break, Allowance, Shift overlap 1845      
        
Total 12469  5768  10240
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