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 I

Abstract  
 
 

The engine manufacturer Perkins Engines in Peterborough England is about to 
increase their production volumes thanks to a raise in demand in the coming years. To 
be able to handle the high production rate the capacity has to be improved, 
particularly in one of Perkins two final assembly and paint areas.  
 
The analysis of the area indicates constraints, which prevents an effective flow and 
the possibility to produce in the required future rate. To make it possible for an 
increase in the production volume and at the same time improve quality this thesis 
presents new layout ideas and improvements for the Factory 1 Finish area at Perkins 
Engines. The vision is to create a lean production with as little waste as possible. All 
new ideas have therefore been based on waste reduction and an effective material 
flow. Tools used in the analysis are value flow maps, flow charts and a spaghetti map.  
 
The ideas have been developed in cooperation with suppliers of conveyor systems and 
automated solutions. Lean production and six sigma philosophies have been in 
consideration during the development and the tool �effective plant layout� has been 
studied. To compare the ideas against each other a Pugh matrix was used to choose 
the most advantageous proposal. Budget costs, benefits and disadvantages have been 
evaluated against each other and the most favourable ideas form an overall picture of 
how to design the future Factory 1 Finish area.  
 
The result is recommendations for how Perkins can reach the required capacity in the 
future. This includes proposals for a new layout, new technology and reduction of 
waste based on the most beneficial proposals.   
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Sammanfattning 
 
 

Caterpillars motorfabrik Perkins Engines i England ska öka sin produktion tack vare 
god efterfrågan. Inom de närmsta åren måste kapaciteten i en av de två 
slutmonterings- och målningsavdelningarna höjas för att klara av den höga 
produktionstakten som krävs. 
 
Analysen av området visar att det finns begränsningar som både förhindrar ett 
effektivt flöde och möjligheten att producera i den planerade framtida 
produktionstakten. För att möjliggöra för ökade volymer och på samma gång förbättra 
kvalitén har olika layout idéer och förbättringslösningar utarbetats. Visionen är att 
skapa en lean produktion med så lite slöseri som möjligt, därför har alla förslag 
baserats på att reducera slöseri och att effektivisera materialflöde. Verktyg som 
använts i analysstadiet är värdeflödeskartor, flödes scheman och spaghettikarta. 
 
Alla nya idéer har utvecklats vidare i samarbete med leverantörer av conveyorsystem 
och automatiserade lösningar. Budgetkostnad, för- och nackdelar utvärderades mot 
varandra och tillsammans bildar de mest fördelaktiga förslagen en helhetsbild för hur 
en framtida slutmonterings- och målningsavdelning kan utformas. I utformningen har 
lean produktion och sex sigma filosofier följts och verktyget effektiv layout planering 
studerats. För att utvärdera förslagen har Pughmatriser använts 
 
Resultatet är rekommendationer för hur Perkins ska uppnå den kapacitet som kommer 
att krävas. Dessa innehåller förslag för en ny layout, ny teknik och reducering av 
slöseri baserat på den helhetsbild som arbetats fram. 
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1. Introduction 
 
 
This chapter is an introduction for the project and a description of the company and 
its products. 
 

1.1 Project introduction 
 
Perkins Engines Ltd. will have an increase in the production volume in the next 
couple of years. To manage this, the final assembly and paint process requires 
upgrading.  
 
This project provides recommendations for how Perkins can improve their final 
assembly and paint area to meet the future demand. The recommendations will be 
based upon analysis of the present conditions and provide the operational capabilities, 
efficiencies, constraints and limitations. Consideration will be taken to the analysis, 
economy, quality and logistics and also to the rest of the company. All 
recommendations will be developed according to Lean production and 6 sigma 
methods and philosophy. Automation, waste reduction and potential layout 
development of the facility will be the main subjects of the proposals.  
 

1.2 The Company 
 
Perkins is a company, which is recognised as a world leader in the design, 
manufacturing and sales of medium duty diesel engines and power solutions.  
 
Frank Perkins founded the company in Peterborough, England in1932. The first 
engine was produced the same year, the 4 cylinders Vixen. Frank Perkins developed 
the light high-speed diesel engine together with an engine designer called Charles 
Chapman. Both of them were convinced of the potential of diesel power, which they 
were absolutely right about. Today the company and its products are to be found all 
over the world, with production facilities in England, USA and Brazil. Peterborough 
is still home of the head office and an engine manufacturing facility, of 3000 
employees. 
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Perkins aims to be customer�s first choice and will achieve its goal by designing, 
delivering and supporting medium duty diesel engines and power solutions. The 
manufacturing philosophy includes Six Sigma incorporating waste elimination, lean 
manufacturing solutions, minimising lead-time and to be the leader in small 
batch/high volume manufacture.  
 
The company is now a part of the Caterpillar group and 60% of the engines are built 
for their construction machines, though the company is still an independent brand 
with its own products and customers. 
 
Caterpillar, and therefore also Perkins, vision for 2020 is to be an admired global 
leader, making progress possible.  
 

1.3 The Products 
 
Ranging from 5 to over 2,600 horse powers, the engines power more than 5,000 
different applications from over 1,000 major equipment manufacturers in the 
construction, power generation, materials handling, agricultural and general industrial 
markets.  
 

 

Figure 1. One of Perkins Diesel engines, source Perkins(2006) 

 
Perkins markets flexibility, customer choice and its efforts in continuous improvement 
in engine performance. The marketing of the flexibility and customer choice generates 
a broad range of options for every engine type. The power ranges stretches from 43 to 
205kW and is available as 3.3, 4.4 and 6.6litres engines. 
 
In the Factory 1 Finish area two kinds of engine types are finished, it is the 3-cylinder 
3.3 litres engine and the 6 cylinders 6.6 litres engine. The engines are built on three 
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different tracks and then combine for the final assembly and paint process in the 
Factory 1 Finish area. The difference between the 3 cylinders and the 6 cylinders is 
big, since the 6 cylinders in most cases are a lot higher specified and larger. The 
heaviest engine weighs about 720 kg and the lightest is about 270 kg.  
 

The engines have to be continuous developed, since new environment regulations 
demand it. The coming generation of engines will be both larger and heavier, due to 
more components. This is something to consider when making recommendations for 
improving the facility, since the new products will be in production in just a couple of 
years.  
 

1.4 The Engine Finish Facilities 
 
The engines are built on four different tracks and then tested before entering the finish 
facilities for final assembly and surface coating. There are two finish facilities, one for 
4 cylinders products in factory 2 and one for 3 - and 6 cylinders products in factory 1. 
The finish areas contain final assembly, wash and paint. The engines are being 
transported on a continuous moving overhead conveyor through the areas, providing 
assembly to be performed both pre and post the wash and paint process. There is a 
one-piece flow all the way through the factory, agreeing with a lean production point 
of view.  
 

1.4.1 Factory 1 Finish Area 
In factory 1 at Perkins all the engines from track1, 3 and 8 come to the same final 
assembly and paint facility. This facility was built about 10 years ago. The 3 cylinders 
and the 6 cylinders Vista D both comes in by the overhead conveyor. The 6 cylinders 
Vista C, built on track1, comes in on trolleys, since they are being produced on a track 
without any connection to the overhead conveyor system. 
 
The engines are very unlike each other in terms of workload along the assembly line 
and the assembly is made manually by operators walking along with the engine as it 
moves forward by the conveyor. Most of the material for assembly is placed line side. 
 
After some assembly of for example flywheel housings, pipes and brackets the 
engines come to the masking and plugging workstations. Everything that needs to be 
protected from water and paint are covered there. After this they are carried, still on 



 4

the overhead conveyor, through a washer and a manual paint booth. The paint dries 
off in a flash off area and a cure oven after the spray booth.  
 
The engines continue on the conveyor to the last assembly area, where for example 
starter motors; alternators and oil filters are assembled. Inspection and offload are 
being done before the engines are sent to either the trailer for finished engines, the 
radiator facility or the rework area, if not accepted in inspection. The radiator 
assembly is being done off line because it takes too long time to have it on line and 
radiators are not required on all engines. 
 
The transport away from the area is being done on trailers, which takes the engine out 
to an engine despatch. 
 
A drawing of the present state facility is in Appendix 4. 
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2. Method 
 
 
This chapter describes the method of the work process, the project planning and in 
what different ways the information was gathered. 

 

2.1 Project planning 
 

The project method is a spiral shaped process, which allows for the activities to be 
brought up several times along the project. The project planning is divided into 3 
phases, each one lap in the spiral. The importance of each activity is changing with 
time. Focuses in lap 1 are project planning and analysis. The focus in lap 2 is on the 
demands, targets and alternatives. The evaluation, choice of alternative and the 
detailed solution description is the main focus of the 3rd lap, (Ranhagen, 1995). 

 

Figure 2. The spiral shaped process 

 
The advantage of this method of working is that each step can be upgraded with new 
information several times, compared to methods where each step is finished before the 
next step starts. In this way it is possible to get an overall picture of the project from 
the beginning. 
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2.2 Method of investigation 
 
This thesis is based on rational, but mostly empirical investigations. The empirical 
studies have the character of being both quantitative and qualitative 
 

2.3 Data collection 
 
Data has been collected from internal Perkins documents, by talking to people on 
different departments on the company, from literature and from suppliers and 
benchmarking.  
 
Interviews  
 
A big part of the material for the project has been gathered from interviews and 
meetings with Perkins employees. Notes were taken and analysed after each session 
and meetings were scheduled every time new information was needed. 
 
Benchmarking 
 
During the latest couple of years benchmarking has developed into a management 

technique intending to compare the own business with a market-leading competitor. 

(Krajewski and Ritzman, 2004). 

 
A benchmarking visit to Scania CV AB was done to compare and get new ideas. 
 
Supplier contacts 
 
Different suppliers of robots, conveyors and vision control systems were contacted 
and consulted about the future solutions for the facility. The suppliers have been 
visiting the facility sharing their expertise and giving information about their 
products.  
 
The work has been done in cooperation with the suppliers to make sure the new ideas 
will work in reality. 
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Literature studies 
 
The theory has been collected from different kind of books in manufacturing 
engineering and lean production systems. The Internet has been a big source for 
information. The most common search words have been lean production, strategic 
layout planning, and the 7 wastes of lean. 
 

2.4 Software, design - and analyse methods. 
 
The thesis is written in Microsoft Word 2000. Diagrams and tables are done in 
Microsoft Excel 2000. The layouts and the drawings are made in AutoCAD LT 2006. 
The process maps are made in Microsoft Visio 2002.  
 

2.5 The work process 
 
The process started with an introduction in purpose to get familiar with the project 
objectives, the company and the specific area of interest. A project plan was then 
created together with the supervisor at the company, where rough targets and 
important phases of the project were identified. 
 
To get a good picture of the facility the work began by mapping the process and 
talking to the operators. This gave enough information to start the analysis of the 
present state area. The work was based on interviews, investigations on the shop floor 
and data collection from the production. Participation in an internal six-sigma project 
also contributed with data and results to the analysis phase. This phase was big and 
took a lot of time, but it gave all the necessary information needed to take the correct 
decision in terms of new equipment, new layouts and other improvements.  
 
New ideas of improvements were noted during the entire project. 
 
A spaghetti map was made to see how the material flow affects the area, and could 
later be used as one of the aspects for making a new layout. Layouts and automation 
possibilities were developed in cooperation with companies specialized in the areas.  
 
All the improvement proposals were reviewed and changed along with new facts and 
information coming in. The last phase of the project was to evaluate the different 
solutions and provide recommendations for the company.  



 8

3. Theory 
 
 
This chapter provides the readers with the background information needed to 
understand the analysis, the improvement ideas and the result. 
 

3.1 Six Sigma 
 
There are many different definitions for Six Sigma, one explanation of it is as follows; 
A comprehensive and flexible system for achieving, sustaining and maximising 
business success. Six Sigma is uniquely driven by close understanding of customer 
needs, disciplined use of facts, data, and statistical analysis, and thorough attention to 
managing, improving, and reinventing business processes (Pande, 2000).  
 
Six Sigma is especially effective at identifying the root cause of quality problems and 
eliminating defects by reducing variation in manufacturing processes. When working 
with Six Sigma methodology a measurement-based strategy that focuses on process 
improvement and variation reduction is achieved by Six Sigma improvement projects.   
The sub-methodology DMAIC is one way of accomplish this. The Six Sigma DMAIC 
process (defines, measure, analyze, improve, control) is an improvement system for 
existing processes falling below specification and looking for improvement.  
Despite the use of the term today, Six Sigma is actually a numerical measurement of 
quality pioneered by Bill Smith at Motorola in 1986. To achieve Six Sigma, 
99.99966% of what you do must be without defects. From a manufacturing 
standpoint, that means just 3.4 defects per million products or parts made.  
 
Caterpillar was the first company to globally launch Six Sigma, an effort that 

delivered benefits that exceeded implementation costs in 2001. Since then, Six Sigma 

has helped Caterpillar achieve record results, while improving the way business is 

done. The Six Sigma methodology has engaged the employees at Perkins and given 
them a disciplined and structured way to solve problems. A genuine focus on the 
customer is another outcome of the Six Sigma way. 
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3.2 Lean Production System 
 
In the 1950s a man called Taiichi Ohno, who worked for a small and nearly bankrupt 
Japanese automobile manufacturer, named Toyota, went to the United States to study 
Ford�s assembly lines. The Ford Motor Company focused on mass production, with 
moving assembly lines creating a continuous flow. Toyota was under enormous 
pressure to cut costs and increase efficiency and the company did not sell enough of a 
single model to justify Ford�s mass production techniques, though Henry Ford had 
ideas about for example standardized work, continuous improvements and employee 
development, which Ohno observed. He recognized the scheduling of work should not 
be driven by sales or production targets but by actual sales.  
 
Together with his colleagues at Toyota he began create a new kind of production 
philosophy, the Toyota Production System (TPS), the first lean production system. 
Driven by real customer demand, based on elimination of waste and constant 
improvements, it is all about having a pulling flow producing the right amount of the 
right product, in the right time. Ford�s moving assembly line was the model of 
continuously flowing material and Toyota managers all diligently read Henry Ford�s 
book, Today and Tomorrow, actually containing all the basic concepts of lean 
manufacturing.  
 
The Toyota Production System has continued to develop making Toyota one of the 
largest companies in the world. The power of lean production has spread all over the 
world and most big companies today develop their own production systems, all based 
on the TPS.  
 

3.3 The Caterpillar Production System 
 
Caterpillar's operations and supply chain are being transformed with consistent 
processes throughout the enterprise to create a recipe for continuous performance 
improvement. This transformation is occurring through the Value Stream 
Transformations with the deployment of the Caterpillar Production System (CPS), 
which will enable each facility to better meet their customer's needs. The CPS is 
Caterpillars system for lean production. 

CPS is focused on eliminating waste as part of the Operating system, such as idle 
time, rework and excess inventory. This focus will help the facilities to fill customer 



 10

orders in the fastest, most accurate and in the safest way possible. In addition to the 
Operating system, CPS also has Management and Cultural systems (leadership and 
people). CPS uses 6 Sigma as a way to make these long-lasting changes. The 
Caterpillar Production System brings together all three systems and uses them at the 
same time during the value stream transformation process. Value stream 
transformation starts with writing down all of the activities that are part of a process. 
For example, a value stream can be the entire production process for a piece part, the 
order filling process in logistics, or the assembly process of a machine.  Each value 
stream includes activities that add value, or contribute to a process, and those 
activities that do not add value, or waste. The activities that do not add value are 
eliminated.  If the activity does not add value to the customer, then it is not value-
added. 

Value stream transformation uses the 6 Sigma DMAIC process. There are four phases 
of a Value Stream Transformation: Pre-work, Find-it, Fix-it and Sustain-it. The value 
stream transformation is important because it helps to get rid of excess waste in a 
process and helps to make that change last 
 

3.4 Value Stream Mapping 
 
(From Understanding Lean Manufacturing, by D. Rizzardo and R. Brooks) 
A value stream map is a visual documentation of the process flow, both material and 
information flows are depicted. The map displays the present state of the 
manufacturing process and helps to identify all the non-value adding steps in the 
process. Then a future state map will show the improved process flow when as many 
as possible of the non-value adding steps has been removed. It is a method that allows 
the company to see the big picture of the manufacturing process and all it requires is a 
pencil and a paper, and the correct numbers to put in. 
 

3.5 Layout 
 
The Caterpillar group are working with effective plant layout according to Six Sigma, 
it is called Product-Focused Manufacturing. The information about layout planning 
comes from Cat Internal Website. The main goals are to develop parallel, dedicated 
flow paths, develop processes that have little fragmentation and to develop short and 
direct material movement. The benefits from this method are that the length and 
variability of material flow time is reduced, the times for material handling and set up 
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are also reduced. Other big advantages from this are that you can get visible input, 
output and inventory, better control, less complexity and less dispatching. Also 
smaller lot sizes and fewer containers. 
 
Work cells are used to produce and transfer parts one-by-one with improved safety 
and reduced effort, according to Caterpillar internal information. A cell is a self-
contained unit that includes several value-adding operations, with equipment and 
personnel arranged in process sequence. 
  

3.6 Balancing theory 
 
One step to optimize the production flow is to balance all the workstations. Balancing 
is about determining the optimal distribution of work elements to meet takt time 
needed to make a good future-state value stream map. The takt time is the time to do 
the required tasks at each station. To achieve optimal machine tool and work station 
utilization the takt time should be kept fairly constant.  
 
Balancing helps optimize the use of personnel. It evens out the workload so that no 
one is doing to little or too much. The best tool to perform this is an operator work 
balance chart, a visual display of the work elements, times and operators at each 
location. It is used to show improvements opportunities by visually displaying each 
workstation�s times in relation to total cycle time and takt time. 
 
The number of operators needed is determined by: 
Total cycle time (Seconds) / Takt time (Seconds) = Number of operators. 
 

3.7 Waste 
 
Fuiju Cho of Toyota defines waste as �anything other than the minimum amount of 
equipment, materials, parts, space and worker�s time, which are absolutely essential 
to add value to the product�. (Suzaki, 1987) 
 
Value adding activities are nothing else than what the customers are willing to pay 
for. The actual value added to the product is only the operations that refine it.  
Transport, storage, rework and inspection are examples of non-value adding activities. 
Some of these activities are necessary and have to be there anyway, but should be 
eliminated or reduced as much as possible. 
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The 7 wastes were originally developed by Toyota�s chief engineer Taiichi Ohno to 
encapsulate all the forms of waste that occur in a manufacturing plant. It says that 
identification of waste is the first stage to its elimination. (Bicheno, 1998) 
 
The 7 wastes are productivity, rather than quality, related. But quality and 
productivity are closely linked. Improved productivity leads to leaner operations, 
which makes quality problems more visible. And better quality improves the 
productivity by reducing rework. The wastes are divided in to: 
 
1. Overproduction  is to produce more than demanded or to produce it before it is 

needed. It is visible as storage of material. The worst of all the 
7 wastes is overproduction because it includes in essence all 
others. 

 
2. Transportation  does not add any value to the product. It should be minimized 
   eliminated.  
 
3. Motion   of the workers, machines, and transport (e.g. due to the  
   inappropriate location of tools and parts). Instead of  
   automating, the operation itself should be improved.  
 
4. Waiting  can appear when the process is not balanced. Waiting for 

products or parts is unnecessary waste. 
 
5. Processing  waste should be minimized. All unnecessary processing (non 

value added) steps should be eliminated. A good thing is to 
combine steps where possible.  

 
6. Inventory  or Work In Process (WIP) is material between operations as a 

result of large lot production or processes with long cycle 
times. This creates excess inventory that requires extra 
handling, space, interest charges, people, and paperwork.  

 
7. Rework.  Making defective products is pure waste. Focus should be on 

preventing the occurrence of defects instead of finding and 
repairing defects.  
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3.8 Poka Yoke 
 
Shigeo Shingo was one of the industrial engineers at Toyota who has been credited 
with creating and formalizing Zero Quality Control (ZQC), an approach to quality 
management that relies heavily on the use of Poka-Yoke devices. Poka-Yoke is 
Japanese for mistake proofing. These devices are used to either detect or prevent 
defects from occurring in the first place, or to inexpensively inspect each item that is 
produced to determine whether it is acceptable or defective. It is often simple devices 
and ideas, which engineers as well as the operators can develop. 
 
Shingo said; 
A check list wouldn�t be necessary if people never forgot things. Workers who pick up 
the wrong part are scolded and told to pay more attention. This is as good as asking 
them to be God. Mistake-proofing recognizes that since humans will inevitably forget 
things, we should at least make certain that we don�t forget that we have forgotten.  
 

3.9 5S 
 
5S is a system to reduce waste and optimise productivity through maintaining an 
orderly workplace and using visual signs to achieve more consistent results. In the 
daily work of a company, routines that maintain organization and orderliness are 
essential to a smooth and efficient flow of activities. By implementing 5S, the levels 
of quality, lead-time and cost reduction can be improved. The components of this 
system are as follows: 
 
Seiri   Clearly separate necessary things from unnecessary things. Only necessary 

things stay within the plant. 
 
Seiton   Neatly arrange and identify things for ease of use. 
 
Seiso   Always clean up to maintain tidiness and cleanliness 
 
Seiketsu   Constantly maintain the 3 components above, Seiri, Seiton, Seiso.  

 
Shitsuke  Have workers make a habit of always confirming to rules. This is the most    

important discipline of the 5S.  
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5S provides the foundation on which other lean methods, such as total productive 
maintenance, cellular manufacturing, just-in-time production, and Six Sigma, can be 
introduced. (Yasuhiro Monden, 1993). 
 

3.10 Spaghetti map  
 
A spaghetti map, according to TheLean Toolbox by Quest Worldwide Education Ltd, 
is a simple tool to visualize the physical flow of products, documents, material and 
persons. It is a graphical representation of travel distance and travel patterns and it is 
called a spaghetti map because it often looks like that before improvements has been 
done. It can help streamline the process by showing the existing problems in a process 
and communicate the potential benefit of change to a new layout or flow  
 

3.11 Kanban 
 
The kanban system is a method of control designed to maximise the potential of the 
Toyota Production System (Shingo, 1989). It is a finished goods and components 
management system. In Japanese the word kanban means sign or card.  
 
Kanban uses cards or boxes to signal the need for an item. It might be visualised by 
decribing it as a system with one box on the shop floor, one in the storage and one bin 
at the supplier. The bins usually have removable cards that contain all the relevant 
information. When the bin on the shopfloor is empty the card is given to the store. 
The store replaces the bin and sends a card to the supplier. When a card, or an order, 
comes to the supplier they send a new bin to the store. This system creates a pulling 
flow controlled by the customers demand. 
 
Taiichi Ohno, one of the founders of Toyota production systems and lean production, 
states in his book, Toyota Production Systems:  
The two pillars of the Toyota production system are just-in-time and automation with 
a human touch, autonomation. The tool used to operate the system is kanban. 
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4. Present State Analysis 
 
 
This chapter informs the readers about the present state of the facility and what 
problems there are. This underlies the project. 

 

4.1 Present state 
 
Under-investments in the final assembly and paint area have created constraints that 
may limit future expansions. The volume and variety of the products that are passing 
through the areas are increasing, which means improvements and changes are 
necessary. There are engines from three different assembly tracks coming in to the 
same final assembly line.  
 
According to the long term forecasts the volumes will drastically increase in the 
coming years. The engines also keep getting bigger and heavier and the limit of what 
the conveyor can take is already passed, which results in products being finished on 
the floor. The capability of the facility is not enough to handle the bigger volumes and 
the heavier engines. Different solutions of how to solve the problems straight away 
are being developed, but the long-term problems will not be solved through them. 
That is why this project examines the future possibilities for Perkins engine finish 
facility. 
 

The products are custom made, which means that Perkins manufactures several 
hundred different engines. The final assembly and the washing and painting are done 
in the same facility, since they all are a part of finishing the engine. 
 
Since the 6 cylinders engine takes more time to assemble than the 3 cylinders 
unbalance in the production flow occurs. There are big differences in the cycle times 
on as well as between the workstations.  
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4.2 Capacity 
 
The analysis showed that there are problems in the capacity for the next coming years. 
Volumes are increasing with almost 50%, making the present facility unable to cope 
with the production rate.  
 

4.2.1 Conveyor  
At the moment the overhead chain conveyor, which transports the engines through the 
area, controls the numbers of engines that can be finished per hour, because it 
transports the engines in a constant speed through the area. On full speed the 
production rate is 45engines/hour, though the demand will increase to a rate above 
this level in 2009, making the current conveyor insufficient. 
 
The weight restriction on the current overhead conveyor is 750kg. The future products 
will weigh more than that. Figure 3 and 4 displays the present conveyor. 
 

  
Figure 3. Engines on the overhead conveyor 
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Figure 4. A hanger on the overhead conveyor 

 

4.2.2 Utilization 
The conveyor had an accessibility of 96% when recorded in July. The line is hardly 
ever stopped because of any trouble in the production, which makes the speed of the 
conveyor the main parameter for measure the efficiency. The speed of the conveyer is 
depending on several different things, such as the down time on tooling, time spent 
searching for tools and collecting material, numbers of engines failing, numbers of 
operators, if the conveyer is running as it is supposed to and that all the equipments 
are working. Preferred utilization rate in this facility is 80%. 
 
In a couple of years the necessary utilization rate will be 100%, due to increasing 
volumes. To run the facility on 100% efficiency at all times is not possible, even if all 
the wastes are eliminated from the present state. It is necessary to have some non-used 
capacity as a back up when machines brakes down for example. 
 

4.2.3 The Washer 
To wash the engines an industrial washer is used. The water is mixed with a chemical 
called, pyrene and a rust inhibitor.  
 
To dry off the washer there is a dryer after wash, consisting of nozzles blowing air on 
the engines. It is not effective enough to dry it off completely, why it is necessary to 
have an operator manually blowing off water with compressed air as well.  
 

4.2.4 The Paint facility 
Perkins paints the engines in waterborne-based paints or clear lacquer. The surface 
coating is made to protect the engines from environmental damage and it also creates 
a good visual image of the products. The colour of the paint is customer required.  
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Today there are two paint booths in the facility, where one person sprays the engines 
manually. The purpose of the flash off area after the paint booths is to give the paint 
time to harden and dry evenly. The cure oven is to speed up the drying process.  
 

4.3 Waste 
 
The 7 wastes of lean are all present in the area. The biggest concerns are an 
unbalanced flow, unorganised and messy workstations and work being done before 
the actual workstation. All these are threats to the quality. 
 

4.3.1 Quality 
The quality issues at the Factory 1 Finish vary each week, but the biggest problems 
are generally paint defects and oxidation.  
 
Rust is a big quality concern, which is being found after the leak test before it comes 
to Factory 1 Finish and after the washer. In leak test rust appears on the engines 
placed on the floor for rework, because of the remaining water from the test. It makes 
the bottom of the engine rusty. If the engine goes straight to hot test after leak test this 
problem is solved. The oldest test cell also causes rust on the engines because the 
water used in the leak test comes from old rusty pipes and does not contain any 
inhibitor to protect from oxidation. The biggest problems occur when engines are left 
in the test cell overnight with the water inside. 
 
Oxidation takes place in the washer as well, this occur when the level of inhibitor in 
the water is to low or if the engine gets caught in the washer due to a conveyor break 
down. The inhibitor level in the water is important to control, and would preferably be 
checked continuous. When the filter is not cleaned, the water gets to dirty and the 
inhibitor level drops. If the inhibitor level is too high it creates dark spots that is easily 
mistaken for rust at the inspection. To have the dosage of chemicals to the water 
connected to the conveyor is one suggestion to keep the level even. At the moment a 
timer sets the dosage pump, but a better level should be achieved by having the pump 
connected to the conveyor movement instead.  
 
A conveyor breakdown affects the quality because up to 12 engines can get caught 
inside the washer. When the water is not dried off quick enough the engine gets rusty. 
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That also includes the manual blow off of water. If that is not done orderly rust 
appears in the holes where water is left. 
 
If a plug falls off in the washer it can cause the engine to get filled with water, which 
in some cases means the engines is destroyed. Plugs are often being forgotten because 
of the quick pace the operators work in, the lack of visual aid and due to inaccurate 
instructions. The complexity is once again in the big amount of variety of the 
products. The operators are supposed to report every fault in the instructions, but that 
is not being done. If the masking of the engine is not complete parts that are not 
supposed to get painted get painted anyway.  
 
The paint has to be sprayed on even and in the correct thickness. Defects like sags, 
orange peel and runs appears due to insufficient painting. It is also common to not 
have the surface covered completely. 
 
Mistakes are made in the manual work too. The operators are often working in a fast 
pace and do neither have visual aid nor accurate instructions on some workstations. 
Parts are forgotten or fitted the wrong way. If a problem occurs with one specific 
engine the problem is often easy to eliminate.  
 

4.3.2 Balance between workstations 
At the moment the operations are very unbalanced. The big difference in workload 
between the 3 cylinder and the 6 cylinder engines are creating a problem. The 6 
cylinder engines are more time consuming in almost every part of the process. To 
cope with the big difference in time between the engines the operators work ahead, 
meaning they start working on the engines before they are actually in the workstation.  
This creates waste in unnecessary motion and transport of parts, as well as it can be a 
quality threat.  
 
The CPS Team (Cater Pillar Production Systems Team) has made value stream maps 
of the Factory 1 Finish area, calculated by the most complex engines. Their timings 
have been used to make process maps for both 3 cylinder and 6 cylinder engines, see 
Appendix 1 and 2. The present state shows how much time differs between the two 
engine types. Unfortunately the time it takes to move around and transport parts is 
included in each activity, making it impossible to see how much of it is actually work 
and how much is non-value adding activities.  
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One big issue with the present state is that both 3 cylinder engines and 6 cylinder 
engines goes on the same line, which mean that the cycle time on some workstations 
are very different for each product. 
 
At the moment the flow is continuous moving along the conveyor.  
 

4.3.3 Organisation of workstations 
The workstations are not as organised as they should be in a lean production 
perspective. There is waste in motion when the operator has to walk far away to get 
the parts to be assembled, and at the same time that is unnecessary transport of the 
parts. All tools do not have a specific storage place; making searching the correct tool 
waste in form of the process not being optimised. Optimising workstations can save 
time. 
 
4.3.3.1 Plugging and masking 
The workstations where plugging and masking of the engines before wash and paint 
are made are today unorganised and ineffective. See Appendix 3 for a visual 
clarification of the workstation. There is a lot of work being done ahead of the 
workstations and the operators tend to work at several engines at the same time. They 
do not have any visual aid and some instructions are not accurate. This creates waste 
and is a big quality issue.  
 

4.3.4 Assembly and instructions 
To work ahead of the workstation is a natural human behaviour, since people almost 
always tend to want to finish the operation as soon as possible to be able to get a bit of 
rest in the end. It is possible for the operators at the engine finish facility to do this 
because the assembly instructions are on paper documents, making it easy to work on 
the engine wherever it is located. Though working too much ahead creates waste in 
form of transport, motion and quality issues. It is at the moment necessary for the 
operators to work ahead because of the big difference in time between the engine 
types. If waiting until a 6-cylinder engine is at the workstation there will sometimes 
not be enough time to finish it before the next engine are there 
 
The instructions in the area are all written documents on paper. 
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4.4 Material Flow  
 
A spaghetti map of the material flow was made to find out how effective the material 
feeding to the line and other transports in the area are. Each part is mapped from 
where it is stored to where it is dropped in the finish facility. A simplified model of 
the Material Flow Map is to be seen in Figure 5 below.  
 

 

Figure 5. A simplified model of the Material Flow Map, the black lines visualises the transports. 

 
The material flow map shows that there are complex flows in the area with in 
particular one very busy crossroad where transports in different directions meet. This 
bottleneck in the material flow is not only a safety risk because of the busy traffic, it is 
also a large contribution to an ineffective material feed.  
 

4.4.1 Logistics  
Fork trucks are making all the transport of material to the line side. Some of the 
material is controlled by a kanban system, and the rest is being brought in after need. 
The fork trucks need 3meters of width on the gangways to be able to operate. It is at 
the moment 2 fork truck drivers working with material feeding in the area. Finished 
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engines, in goods, empty rackets, wooden pallets and material from the stores all use 
the same crossroad. 
 
All the material is kept in 5 different stores and is taken in through the same door in 
the finish area and then transported to each store on a trailer or by a fork truck.  
 
As it is now the store personnel gets an order on what to deliver to the drop off points 
in the finish area. The fork truck drivers in the area then pick it up from the drop off 
points and put the material line side. 
 
Finished engines are transported on trailers to an engine despatch in the building 
across the backyard, where they get off loaded and then on loaded to a big trailer. The 
big trailer finally transports them to the customer. This way of material handling is 
very expensive. 
 

4.4.2 Inventory  
During the analysis a problem with the line side inventory level was discovered. The 
material line side cover several days� demand, while the aim is to not have more than 
necessary line side; preferably no more than 2 hours. The high inventory level causes 
a problem with keeping a lean flow for the workstations and a bad visual 
management. 
 
At the moment the parts are stored in large stores and taken in to the facility and 
dropped in drop off zones. The order for the parts are set as soon as the assembly 
track starts building an engine, though it can be several days until this engine reaches 
the final assembly and paint facility.  
 

4.5 Layout 
 
The facility has an area big enough for the present volumes, though it is still very little 
space between the workstations on the assembly line. This is because of poor layout 
planning. The floor space is not used in the most effective way. 
 
There is a need for better access to the line side to be able to have a well-levelled line 
side inventory for each workstation. Also the present layout prevents from creating a 
good material flow, since the fork truck gangways is not optimised for the shortest 
possible way. 
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The current facility is where it is because of the layout of the rest of the factory. The 
layout of this area in particular is much ruled by where the washer and the big paint 
facility are located, as well as where the possible gateways for transportations can be 
located. A drawing and of the present facility is available in Appendix 4. 
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5. Improvement ideas  
 
 
This chapter present all the improvements ideas based on the present state analysis 
and identifies what measures has to be made. 

 

5.1 Future State 
 
To become a facility which can handle the big volumes and high specified products of 
the future it is necessary to make new investments in the area. A future state vision is 
to have a lean production where waste is reduced as much as possible, where Six 
Sigma thinking helps keeping the quality high and even and where the genuine focus 
still is on the customers.  
 

5.2 Capacity 
 
The capacity has to be improved, both in terms of conveyor speed and the over all 
performance of the facility. The target is for the facility to produce 52 engines/hour. 
To solve the problem in the present area it is necessary to balance the workstation, 
improve quality and eliminate all other waste. Another conveyor system capable to 
higher speed and weight is required as well. 
 

5.2.1 Conveyor  
To improve the conveyor speed an investment in a new conveyor system is needed. 
There are two main groups of conveyors, floor mounted and overhead conveyors. The 
floor-mounted conveyor offers stability to automate and an easy access for 
maintenance. It can run in a faster speed than an overhead conveyor, since the engines 
are tightened to a pallet on the conveyor. From an overhead conveyor the engines 
often hang in chains, why they easily start swing if the speed is too high. Though the 
overhead conveyor offers a good access to the engine and occupies minimal floor 
space. It also makes it easier to plan for a new layout, since you can have the return of 
carriers up in the roof, not on the ground as with floor conveyors. To automate a 
standard overhead conveyor where the engine hangs in chains is difficult. It is 
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possible to automate but it is very expensive to make it work well, since the engine 
never is exactly located.  
 
To transport the engine it will be necessary to find somewhere to grip it, either if it is 
hanging in chains connected to lifting eyes on the engine or if it stands on some sort 
of feet on a pallet. It is not possible to just put it on a conveyor without some sort of 
pallet keeping the engine in the correct position 
 
Having carriers on the conveyor, both for overhead and floor conveyors, which catch 
up with each other, can shorten the transportation time down. If one engine is stopped 
at a workstation for a longer time than the cycle time it should be able to catch up 
with the engine in front of it during the transport to the next workstation. 
 
The weight capability of the conveyors needs to be above 1000 kg per engine to cope 
with future products. It is possible to strengthen up the present conveyor by steelwork 
from the floor and then still be able to use some of the old conveyor, even if installing 
a new for certain part of the assembly line. 
 
5.2.1.1 Conveyor through wash and paint 
Through the washer and paint facility in Factory 1 Finish an overhead conveyor is the 
best solution, since the water and paint would rapidly destroy a floor mounted 
conveyor and to try to mask it every time would be too time consuming. There are 
different kinds of overhead conveyors, but to be able to run it through a washer and a 
paint booth it needs to be simple and robust. For example an electrical monorail 
cannot do it, because of the paint and the water. The best solution seems to be the kind 
of overhead chain conveyor Perkins has today, where the engines hangs in chains. 
Investigations and consulting with different companies resulted in the decision that 
the best option is to keep the same kind of conveyor as today for transporting through 
wash and paint 
 
5.2.1.2 Conveyor for the final assembly 
In the final assembly part there is a need to automate some operations. To get robots 
or machines to work effective and accurate it is important to locate the engine exactly. 
To keep the engine in a fix location demands a good stability in the conveyor.  
 
There are some options for automation in the final assembly after paint. To be able to 
do that a good stability is needed, making traditional overhead conveyors a bad 
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choice. It is either floor-mounted conveyors with pallets to put the engine on or an 
overhead conveyor with stable carriers that can be used. 
 

 

Figure 6. A floor mounted conveyor for transport of engines 

Most of the conveyors suggested by different conveyor companies are floor mounted 
roller or chain conveyors with pallets carrying the engines. See Figure 6. One 
conveyor varies from the rest though. This conveyor is an overhead conveyor with 
steady foldable carriers moving either continuous or independently to each other. 
These carriers are called VarioLifts, see Figure 7. 
 

 

Figure 7. The overhead conveyor from TMS with seperate carriers 
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5.2.2 Utilization 
The present down time is almost exclusively because of conveyor failures. There are 
merge points that are causing frequent stops in the production. To maintain the 
overhead conveyor is more difficult than a floor mounted conveyor, because of the 
position of the conveyor. Easy maintenance has a positive effect on the down time, 
since problems are solved faster.  
 

5.2.3 The Washer 
To improve the washer tests can be used to find out the exact efficiency of each part 
of the wash and dry process. The fact that the same kind of equipment is used in 
Factory 2 Finish, but in a smaller version, indicates that the washer in Factory 1 Finish 
can be shortened down to save space and time.  
 
The washer can manage to take 52 engines/hour if renewed with some new drying 
equipment. To replace and relocate the washer is possible, and a good spot for it 
would be next to the paint facility. There is already steel work in place. Benefits of 
relocating the washer would be that the assembly being done pre wash today moves to 
post wash, preventing from washing any parts unnecessarily. To locate the assembly 
where the washer stands today would make it possible for line feeding of material. A 
new relocated washer would in summary mean less washing, less plugging and a 
better material feed. To only relocate the present washer would not be beneficial 
enough since the cost of moving it is high, making buying a new washer a better deal. 
A new washer can provide improvements in quality and time, though according to the 
philosophy of optimising existing equipment before investing in new, the old washer 
should be kept. 
 

5.2.4 The Paint facility 
The manual painting will be a problem when the volumes increases since the bigger 
engines already today are very time consuming. As paint defects are the biggest 
quality issue, paint robots might be the best solution for this workstation. Robots 
paints accurate and exact at all times, as long as the programming is correct. 
Automatic spraying would remove a quite unhealthy manual workstation, speed up 
the process and foremost improve quality. 
 
To optimise the paint facility for a new layout would be the same as moving it to a 
new location. Moving the facility is a very complicated and expensive job, why this is 
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not an option. To buy a new is feasible, but does not go well with the rule of 
optimising before invest in new equipment.  
 
To remove the cure oven and replace it with catalytic heaters is possible, since 
catalytic heaters are already implemented but not in use. Tests to see if the catalytic 
heaters can work should be made; if it works there are a lot of space and time to gain.   
 

5.3 Waste 
 
The 7 wastes of lean have been used to locate and discuss how to reduce all the 
different kinds of waste in Factory 1 Finish. The list below explains it. 
 
Waiting � To eliminate unnecessary time of being wasted on people or a machine 
waiting it is important to balance the line.  
 
Over production � It is important to not do any more work than necessary. To not 
paint the engines more accurate than the customer demands is one measure and to not 
mask and plug more than necessary is another. Trying to assemble parts that have to 
be masked and plugged after wash and paint instead can solve this problem. This 
demands discussions with the customers though. One example of this is the radiator 
brackets, which can be moved to post paint. To wash the engines more than necessary 
is also a question about over production, which needs to be investigated. 
 
Rework � The quality has to be proof to avoid rejects in the test. Poka yoke tools is 
one way to make mistakes impossible and eliminate rework. Engines that get corroded 
in the washer and engines with too much paint, resulting in paint runs are big quality 
concerns. To make paint runs the layer of paint has to be thicker than 80microm. The 
paint layer needed on the engines is 25mikrom. Putting in robots to paint instead of 
doing it manually efficiently increased the quality in factory 2 at Perkins.  
 
Motion (People) � To keep all the material close to the workstation eliminates all 
unnecessary motion for the operator. This requires more space and an exact order in 
the storage. Order can be achieved by 5S. 
 
Processing � To make every process optimised it is important to make sure the right 
tools are being used and that the processes are being done in the right order. This can 
be done by balancing the line and organise each workstation to be as lean as possible. 
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Inventory � Not to keep more than one day�s inventory line side is essential to keep 
the storage in good order and to not occupy more space than necessary. To make a 
delay on the material for the low volume products from track 8 can keep the storage 
smaller. At the moment these products get picked from the warehouse the same day as 
the engine is being produced at track 8 and delivered by the line the morning after. 
The engine is not in the finish facility until 2 or 3 days later though.  
 
Transportation � Changing the layout of the facility can eliminate unnecessary 
moving of the engines and the material. This will demand better usage of the floor 
space, but most likely also more space or a complete new building. 
 
The conclusion from this list is that the biggest wastes in the process at the moment 
are motion, inventory and process wastes. Motion because the operators has to walk a 
lot to collect the parts and also because of the work being done ahead, which is a 
process waste. By doing work on the engines before they come to the workstation the 
operators has to walk more, the parts has to be transported more and the quality is 
harder to keep in a high level, since it is easier to forget things. The inventories should 
be well organised and also closer to the workstations. The biggest problem here is to 
get enough space for them. There are also many places where the quality proofing is 
not good enough.  
 

5.3.1 Quality 
One way to improve quality is to implement Poka-Yoke equipment in the process. 
Poka-Yoke is a tool that makes it impossible to do wrong. There are often simple 
solutions that eliminate the risk of doing mistakes. It is also important to have all the 
tools and materials tidy and in order, according to 5S. Visual aid is also a way of 
reducing mistakes. 
 
More advanced systems to proof the quality is to have an automated vision control 
system to inspect the engine. These systems have cameras filming the engine and then 
a program of vision recognition that compare the actual engine to a correct picture of 
how it is suppose to be. If a part is missing or in the wrong position the vision control 
system can find the error and alarm. The plugging and masking quality could be 
improved by having this kind of inspection. The system could also be used for final 
inspection. To have the inspection split up to several places, for example to have 
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inspection straight after difficult operations could make the vision inspection system 
less complicated. 
 
The aim, according to lean production, is to come to a point where quality control is 
not needed because the work done is mistake proof and of such high standard that 
rework is not necessary. To come closer to this target it is necessary to start getting 
the people actually building the engines, the operators, involved. Improvements 
groups working to improve the processes and eliminate errors, where the operators 
them self gets involved in the actual demands, can be effective. The most important 
thing to improve the quality of manual work is to get the people doing the work to 
understand how important their work is, and how valuable they are for the business. 
More responsibility gives a feeling of importance and it also tends to create 
motivation to produce a good result. 
 

5.3.2 Balance between workstations 
It is important to create an even flow between all the operations along the line to get a 
balanced flow. By balancing the workstation both under and overload for the 
operators can be discovered and levelled out.  To be able to balance the line in the 
area it is essential to know the time it takes to assemble each part, which engine gets 
which parts and when and how often that specific engine goes through the area. That 
is impossible to know since the engines does not come in to the area in a specific 
order and because there are hundreds different variants of engines being finished in 
the facility. 
 
To balance such a complex line as this is a big challenge, because it would demand a 
lot of time to analyse all the various products and the different times. To balance the 
line would be a lot easier if the products where split up. 
 
At the moment a mix of one 6-cylinder Vista D engine in ten engines set the takt time. 
In the future it will be one in two, speeding up the takt time because the 6 cylinder 
Vista D engines take a lot more time to assemble than the other kinds of engines. This 
is something to keep in mind when planning for a new line. 
 
The flow is at present continuous. This saves transportation time, since assembly can 
be done everywhere along the line. It makes it possible for the operators to even out 
the workload by working ahead. Though working ahead creates unnecessary motion 
and transports as well as it is a quality risk. To have the engine stopping at each 
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workstation makes it easier to keep a tidy workstation and the operators never collide 
with each other as they sometimes do on the present assembly line. Better ergonomics 
is achieved by not forcing the operator to walk along with the engine while 
assembling. 
 

5.3.3 Organisation of workstations 
To create an optimised process each workstation needs to be lean. All non value-
adding activities have to be eliminated as far as possible. One way of finding waste is 
to make a spaghetti map of the workstation. The lines visualising each step of the 
work process shows the amount of motion and transport and also helps finding the 
unnecessary activities. A lot of activities can be made more effective by moving 
inventory and tools to a more strategic place in the work cell. 
 
5.3.3.1 Plugging and masking 
The workstations dealing with the plugging and masking needs to be improved by 
organising the work better. Each operator should have one specific side of the engine 
to work on to avoid forgetting a plug or mask. Screens instead of paper instructions 
would prevent from operators working ahead. Furthermore, the instructions need to be 
updated. A vision inspection can be an option to get rid of the big problem with over 
spraying because of non-present masks.  
 

5.3.4 Instructions 
Instructions should be not only visual and easy to read, but also standardised. Written 
words can never explain as much as a picture, which is why visual aid is effective. It 
is significant that all operators follow the instructions to achieve a constant high level 
of quality.  
 
A paperless system in the entire facility could prevent instructions from getting lost, 
engines from getting mixed up and it prevents work from being done outside of the 
workstation. Touch screens where pictures and up dated instructions appears when the 
engines arrive to the workstation can be implemented. Connected to the main PLC 
system it would always show the correct information for the specific engine in the 
workstation. Up dates could be made online.   
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5.4 Material Flow  
 
A new layout can improve the material flow by creating new routes and remove 
bottlenecks. The layout proposals have been developed with the intention to reduce 
the bottleneck displayed in the flow map. A complicated flow in the entire factory 
contributes to why the flow in the finish facility is difficult to optimise  
 

5.4.1 Logistics  
Reading from the material flow map it is obvious that the cross road where in goods, 
line side material, empty rackets and the exit trailers all meet is to busy. Some of these 
material-handling routes need to be relocated to obtain enough safety in the area. 
 
This can be done in a new layout by separating in-routes from out-routes and get a 
one-way flow, according to the lean production philosophy. 
 
 The gates for transports out and in of the building needs to be where easy access for 
trailers is provided. This is found along the wall facing towards the yard. See Figure 8 
below, where the wide black line visualises the wall. 
 

 

Figure 8. The back wall of the facility, facing towards the yard, can provide easy access for 

trailers. 
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The finished engine transports to the despatch is both unnecessary and expensive. The 
small trailer service could be exchanged for loading the engines direct on to big 
trailers, taking them straight to the customer, instead. To do this space for big trailers 
in canopy areas are required. Another option could be a monorail transporting the 
engines all the way from the offload in Factory 1 Finish to the engine despatch to be 
offloaded to a trailer. This monorail would be a big invest, but could soon repay by 
eliminating the internal trailer service.  
 

5.4.2 Inventory  
Using kanban for all material can solve the problem with a high line side inventory.  
Kanban already exists at Perkins for some parts, but could be used for all the common 
products. It would mean having one specific place for each part and a barcode on each 
rack. To avoid mix up with wrong material in the rackets it might be possible to have 
pictures and the part number on each racket. The barcode could be scanned by one of 
the present fork truck drivers and the computer system could then send an order 
straight to the store staff who then now what part and how many to drive to the drop 
off point. This would mean fewer parts more often. The bad thing about it is that it 
would require more frequent transports from the store to the drop off points, though 
the benefits of having only the necessary parts line side would exceed that. This 
would demand a well-organised storage line side, with each part in a designated place. 
 
To avoid having parts that is not used in the coming 24 hours line side the store staff 
and the fork truck drivers could still get the part list for the next future. The fork truck 
drivers can avoid scanning the barcode for parts that is not being used, even if the 
racket is empty.  
 
The not as common parts as product validation and prototype parts should not be 
controlled by kanban though. They can still be ordered when the engine gets build, as 
today. 
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5.5 Layout 
 
When a factory is in the position of rushing to keep pace with rising demands there 
are according to Jeff Mohr, Simplified Systematic Plant Layout, 3 questions that 
faces. 
 

1. How can we increase throughput using our existing facility and resources? 
2. How can we increase throughput by adding resources to our existing facility? 
3. How can we increase throughput by adding to our facility or relocating to a 

larger facility? 
 
Those are the questions asked in this project as well. One of the answers is by 
improving plant layout. Layout planning is important to optimise the space and get a 
more effective material flow. The considerations and rationale in developing new 
layouts for this project has been to keep the proposals affordable at the same time as 
the quality, ergonomics and effective space are improved. Space for new workstations 
and a better material flow was considered, as well as the possibility of automation and 
implementation of new and future technology. To optimise the present facility as 
much as possible before move to new areas or invest in new equipment is the main 
objective.  
 

The results of the analysis, for example the material flow map, have been used as a 
guideline for where to locate different processes in the layout planning process. 
 
To gain more space two areas in specific have been considered, the QC-test shop and 
the F.I.D area, see Figure 9 for locations. 
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Figure 9. The QC Test Shop and the F.I.D Store is in connection to the present facility. 

 
Facilities put in to handle the people working there is non-value adding, but still 
necessary. Space for tearoom and offices as well as pedestrian gangways have to be 
reserved in a new layout.  
 
The order of assembly can be rearranged to not wash more than required. Customers 
can be consulted to really understand what needs to be painted and not. Things before 
the wash can be assembled after wash or even after paint. 
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6. Results 
 
 
The result of the investigation of the improvement ideas is presented in this chapter, 
as new layouts, automation solutions and waste reduction proposals. 

 

6.1 The Layouts 
 
Developed for a capacity of at least 52 engines/hour, engine weights above 1000kg 
and an inventory ruled by kanban the 5 layout options are presented as future options 
for Factory 1 Finish. The number of workstations and size of the conveyors are 
calculated in Appendix 1 and 2. 
 
Decisions taken for the layout proposals are to keep an overhead conveyor through 
wash and paint, find a new way of transport engines after paint and cure oven and 
since the washer still can cope with the production rate at 52 engines/hour it can stay 
as it is, part from some up dates on the drying nozzles. The paint facility will stay 
where it is but be improved by automatic spraying and if possible catalytic heaters. 
 
All the drop sections for on load and off load needs more detailed planning in 
cooperation with the conveyor companies.  
 
Pedestrian gangways, offices and tearoom are included in each layout proposal. 
 

6.1.1 Option 1 
In this option the present area is used together with the QC test shop next to it, see 
Appendix 5. The QC test shop is already planned to move, leaving the area empty and 
suitable as an extension of the present Factory 1 Finish facility. By using this area a 
much better material flow can be created, with the material coming in from the right 
corner, going out in the left. All the fork truck gangways in this option are planned to 
provide the shortest possible way from the stores to the workstation.  
 
The washer and paint facility are located as today and the workstations before the 
washer are mainly for 6 cylinder engines. The 3 cylinder engines only need 4 
workstations making it possible to bring them in later along the line. It is important to 
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improve the current conveyor to handle heavier engines in the area before the washer. 
An extension after the washer makes it possible to move some of the operations done 
before wash there. The plugging and masking used as protection against paint is a 
good example of things to move after wash. Improvements to the washer, the paint 
booths and the cure oven are necessary, but will be discussed later in this chapter. 
 
The final assembly will in this option be done on two separate floor mounted 
conveyor loops, one for each engine type. They are shaped in a loop to make return of 
the pallets easy and space is saved by reducing the radiator facility for the 6 cylinder 
engines to a small loop connecting with one of the main loops. The engines are 
transported to the loops on the overhead conveyor. A drop off zone will be needed to 
lower it down to the pallet on the floor conveyor. One operator will likely have to 
assist in this operation, but the same person can work on the sub assembly for the 
alternator fit as well, as a step in optimising the workload on each operator. Room for 
9 extra workstations are included over the 3 and 6 cylinder loops. Automation is not 
an issue to apply on the conveyor loops, since they are floor mounted conveyors. One 
proposal for automation of flywheel fit is included, though other automation can fit as 
well.  
 
There are one offload at each main conveyor loop. From here it is possible to either 
transport them out to the canopy area with fork trucks or with a monorail. The plan for 
the future is to reduce fork truck traffic as far as possible; a monorail can be one step 
in that direction. An offload station will be required to take the engines from the 
monorail though. In this option the monorail ends inside the area, but it is also 
possible to have a monorail all the way to the engine despatch in the building across 
the backyard. 
 
A rework area will be available close to the canopy area.  
 
This option optimises the area as far as possible, but provides new space by using the 
QC test shop area next door. Two loops make it possible to run only one of the engine 
types without wasting needless capacity.  
 

6.1.2 Option 2 
Offering basically the same as option 1, but with the extra space taken from the F.I.D 
area instead, this option provides a big improvement in the material flow. See 
Appendix 6. The fork truck gangways are planned to supply material line side by 



 38

taking the shortest way. The engines are transported to the two conveyor loops by the 
overhead conveyor and can be transported to the canopy area by either fork trucks or a 
monorail. The monorail can either end inside the facility or go all the way to the 
despatch area in this option as well.  
 
In this option there are good opportunities to get a lorry with a trailer to pick up the 
engines straight from the canopy area. It would demand some rework in the backyard 
because at the moment there are not enough room for the big lorries with trailers to 
turn around on the backyard. By moving one small building, used for manage of the 
residual paint, a big ground for lorries can easily be created. This rework would be 
beneficial for the trucks delivering in goods to the canopy next to the F.I.D area as 
well.  
 
This option does not demand any big rework since there are no walls to tear down 
between the new area and the present. It offers automation possibilities and separates 
the engine types from each other. To still use the existing washer and paint facility fits 
well in with the philosophy to optimise as far as possible before investing in new 
equipment.  
 

6.1.3 Option 3 
This option includes the QC test shop and is developed for the TMS VarioLift 
conveyor. See Appendix 7. A very good material flow is offered here since the 
VarioLifts can fold up and transport the engines above fork truck gangways. Space is 
saved because of the return of the VarioLifts to the beginning of the assembly line is 
being done above the rest of the facility.  
 
Everything before paint will be the same as in option 1 and 2. The overhead conveyor 
transports the engines to an on load zone where they are located for the VarioLifts to 
pick them up. The two engine types have one loop each, but they share one off load 
station and the return stretch.  
 
This option offers a very good engine access, excellent ergonomics and easy material 
feed.  
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6.1.4 Option 4 
In this option the 3 cylinders uses a different area. It is the area next to track 3 in 
factory 1, just next to Factory 1 Finish. The 6 cylinders would stay in the present area, 
using the current washer and paint facility. See Appendix 8. 
 
A separate 3-cylinder facility demands small space since there are only need for 4 
workstations before the paint facility and because the washer and paint facility could 
be smaller than the present equipment. The final assembly after paint would in this 
proposal be made on a straight double-decker conveyor line with the return of pallets 
below the transport of the engines.  
 
The 6-cylinder facility will occupy no more than the present area, but the material 
flow will not be improved in any of the facilities.  
 

6.1.5 Option 5 
This option uses another part of the factory for the 6 cylinders engines. A straight 
flow in the 6-cylinder facility creates a good material flow. The material flow for the 
3-cylinder facility in the present area will not be improved though, since the 
bottleneck in the flow is still there. See Appendix 9. 
 
Expensive new equipment will have to be bought since the 6-cylinder facility needs a 
new paint facility and a washer.  
 
This option will mean longer transports, but the 6-cylinder facility will fit well in with 
the future overall plan for the entire factory where the material flow is supposed to go 
from left to right and space will be saved in the 3-cylinder facility, which can be used 
for something else. 
 

6.2 Automation 
 
The priority when considering automation in the process has been to plan it for heavy 
monotonous tasks and operations where repeatability needs to be high and the quality 
limits are narrow.  
 
Better ergonomics, less quality problems and shorter cycle time should be the purpose 
with automation. Robots and machines are good to use for simple and heavy 
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operations, as well as for operations which has to be done exactly the same way every 
time. Though there is no robot that can handle the wide variety of tasks and 
complexity the way a human can. The facility could be highly automated, but the gain 
has to be bigger than the loss. One requirement for automation is for the engine to be 
in a fixated position, which means it cannot hang in chains. 
 

6.2.1 The Paint facility 
One of the operations that suit to automate is the paint process, since the painting 
requires high repeatability. It would mean 2 robots painting all the robots in one paint 
booth, see Figure 10 below. A manual touch up would still be needed after the robot 
booth. The good thing about automating only one of the two booths is that one booth 
can run manually while the robots are implemented in the other. When putting in 
robots it is important that Perkins provides both all the data needed to program the 
robots and proper programming training. One important condition for the automated 
spraying to work is to have at least two persons at Perkins dedicated to run the 
programming of the robots and who are involved in the project from the start. 
 

 

Figure 10. A drawing of an automated paintbooth with 2 robots and a manual touch up booth. 

 
Two hollow wrist robots equipped with controllers and paint application equipment 
will perform the spraying. Steel fabrications to support the robots in the booth will be 
necessary, as well as light curtains at robot zone entry and exit and electrical controls 
to interface robots with existing booth and conveyor controls. Other requirements are 
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engineering services comprising project management, system design, documentation, 
installation and commissioning. The benefits of using specific paint robots instead of 
regular industrial robots are the higher speed, hollow wrists and the better reach a 
paint robot has.  
 

6.2.2 Inspection  
If visual aid and manual inspection is not enough automated vision control systems 
can be used. These systems have cameras filming the engine and then a program of 
vision recognition that compare the actual engine to a correct picture of how it is 
suppose to be. If a part is missing or in the wrong position the vision control system 
can find the error and alarm. 
 
A suggestion for how to use vision inspection has been developed in cooperation with 
a supplier of vision systems. See Appendix 3, for a picture of the proposal. The vision 
system would consist of 3 cameras in a closed booth. The cameras and the engine 
have to be well closed in to avoid light from the outside to disturb. The light needs to 
be controlled for the cameras to be able to detect all the plugs. If the engine is not 
approved in the inspection there will be a station for rectification after the booth, 
where the operators can see on the screen exactly what the vision system has found 
missing or wrong.  
 
The equipment needed for this will be touch screens PC�s and a database of all the 
engine types, along with a list of all the plugs and pictures of the surfaces. This 
demands software to visualise the process. The inspection tunnel will require cameras 
and a PC based platform that can drive several cameras. Sensors will trigger the 
cameras. It is important that the system is compatible with the conveyors and the 
PLC. 
 

6.2.3 Flywheel Fit 
The flywheels are today fit by using a handler and then fit the bolts manually with a 
tool. There are about 15 different flywheels located in steel rackets. The flywheel 
needs to be placed in the correct position on the engine and then get fitted with bolts.  
 
To automate the flywheel fit will require one robot fitting the flywheel and pre run the 
bolt, then either another robot or a machine to do the final bolt rundown. To locate the 
flywheels it will be necessary to have some sort of fixture keeping the flywheel in the 
correct position for the robot to grip it and fit it to the engine.  
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There is also a possibility to a have a robot picking the flywheels from the rackets and 
put them into a fixture. This requires the rackets to be exact and all the flywheels to be 
located in the same direction.  
 
Equipment needed to achieve an automated flywheel fit is 2 robots, a flywheel 
gripper, and torque and bolt runner. A control system including encoders for the 
conveyors and the design and engineering services are also required.  
 

6.3 Waste 
 
Reducing waste is essential to avoid unnecessary investments. By reducing it as far as 
possible it will be possible to invest in only the things really necessary for a lower 
cost. 
 
New cycle times for each operation are being taken to confirm the old cycle times that 
have been used in this project. The new times can help to find a balance between the 
workstations. Since the engine types are very different and the workload between 
them before the washer is very different it is important to either separate them there or 
fill the workstations with work from track 3. The 3 cylinder engine occupies only 16% 
of the total workload before the paint booth, which would involve 4 workstations 
when running on 52 engines/hour. By putting in the 3 cylinder engines further up 
along the assembly line, just before the washer for instance, a considerable amount of 
throughput time can be saved in comparison of running the engines as today with an 
uneven workload along the entire line.  
 
Spaghetti maps and 5S projects should be done on each workstation before investing 
in a new conveyor system. In the new layouts the order of assembly can be as it is or 
rearranged by extending the conveyor between wash and paint. There is also space for 
new workstation after the paint facility. The new conveyors would include visual aid 
on each workstation. 
 
All the new layout options will create a better material flow. The logistics will be 
improved by easier access to the line side inventories and by reducing the bottlenecks 
in the material flow.  
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6.3.1 Quality 
To improve the quality in the plugging and masking operation one suggestion is to 
have visual aid on every workstation and preferably have a conveyor that stops when 
an engine comes in to the workstation. The information about the engine will be sent 
from a barlog reader, which scans the engine and the screens displays the correct 
instructions with pictures of the plugs location on the engine. It can be touch screens 
where a list of the required plugs displays and the operator ticks off each plug. The 
conveyor will not carry the engine out of the workstation before the list is all ticked 
off. The workstations will be located on different sides of the conveyor to make it 
possible for the operators to work on only one side of the engine each.  
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7. Analysis of results 
 
 
The evaluation in this chapter decides which proposals are most beneficial for 
Perkins. 
 
 
To evaluate which layout option benefits Perkins the most the Pugh matrix below was 
made.  
 

    Option 1 Option 2 Option 3  Option 4  Option 5 

Measures Weight Score SxW Score SxW Score SxW Score SxW Score SxW

Material Flow 5 2 10 1 5 2 10 0 0 1 5 
Ergonomics 5 1 5 1 5 2 10 1 5 1 5 
New technology 2 0 0 0 0 2 4 1 2 1 2 
Space 4 0 0 0 0 0 0 0 0 -1 -4 
Implementation 4 0 0 0 0 0 0 2 8 2 8 
Economy 3 1 3 1 3 -1 -3 -1 -3 -1 -3 
Future protection 3 1 3 1 3 0 0 0 0 0 0 
Flexibility 4 1 4 1 4 2 8 1 4 1 4 
Complexity 2 -1 -2 0 0 -1 -2 -2 -4 -2 -4 
      23   20   27   12   13 

 
The two best solutions are option 1 and 3. Both options offer a good material flow, 
automation possibilities and occupy an area planned to move.  
 
In option 1 a well-known technology would be used. Trusted and experienced 
suppliers can deliver this solution, making service and availability to spare parts 
reliable. The floor conveyor supplies easy access for maintenance and good stability.  
 
Option 3 would mean using an unknown supplier with for some instances new 
technology. Though the VarioLift system has enough stability to use robots for 
assembly, at the same time as it has the advantages of an overhead conveyor in terms 
of engine access, material feed and the minimal floor space it occupies. The engines 
can be transported above the gangways creating an even more effective material flow 
since the conveyor does not restrain the layout of the gangways for material feed. A 
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picture of how the VarioLift system could work for Perkins is available in Appendix 
10. 
 
The costs for the different options are quite comparable.  
 
Investing in paint robots would result in the saving of one operator per shift and a 
more even result. Since the robots work in a repeatable pattern it will be a big 
improvement in paint defects, such as uncovered surfaces and paint runs.  
 
Paint robots are very beneficial as long as the robots are correctly programmed. The 
cost is high, but the gain in quality exceeds this. 
 
Automation for flywheel fit saves 2 persons per shift. The benefits in improved 
ergonomics and the economy savings together entitle these investments. As long as an 
overhead conveyor is used this investment is not rational to do though.  
 
The plugging and masking operation has in this project been serving as a model for 
how the workstations are not supposed to be in a lean process. To organise the process 
would mean great benefits in terms of quality and the cycle time. Visual aid with 
touch screens can replace the insufficient written paper instructions there are today, 
preventing work being done ahead and mistakes being done. The vision inspection 
system can offer a quality proved process and time and economy can be improved by 
less rework. The economical benefits are very hard to estimate though, since it does 
not decrease the direct work content. 
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8. Recommendations 
 
 
This chapter presents the final recommendations for improvements of Factory 1 
Finish. 

 

8.1 Investments  
 
The author�s recommendations for Perkins, based on the results of the work of the 
project are to act fast and start with waste reduction by organise all the workstation by 
using tools like spaghetti maps and the theory of 5S. This together with a reduction of 
the line side inventory will create a tidy and lean work environment around the 
workstations. The line side inventory can be improved by dislocating the order of 
material, resulting in not more than a couple of hour�s inventory line side. Kanban for 
most of the material is another way of dealing with the inventory level; this needs 
planning and new racks though. 
 
A recommendation for Plugging and masking is to improve at once by reducing the 
line side inventory. Further improvements for this particular process can be made 
when implementing visual aid on touch screens in the entire area.  
 
Visual aid on screens should be introduced on all processes in Factory 1 Finish as 
soon as possible to avoid too much work being done ahead, to reduce waste and 
improve quality. 
 
When finished creating a lean process, with as small amount of waste as possible, a 
new balance of the workstations can save a lot of through put time. Line balancing is 
possible if the time each work element employ is known. 
 
A new conveyor and more capacity will have to be implemented in 2009. The author 
recommends Perkins to do this by implement one of the new layout proposals 
including a new conveyor system and over all improvements for the facility. Layout 
option1 and 3 is the most beneficial for Perkins to use. For the most advantages and as 
an investment for the future, in the authors mind, option 1 is to prefer. New 
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technology is always a risk, but since the VarioLift offers so much benefit in space, 
access and material flow this exceeds the risk. 
 
Automation could be applied along with the new conveyor system. Flywheel fit can 
be automated and if further quality problems remain for plugging and masking after 
the waste reduction improvements a vision inspection system can solve the issues. 
The automation of the paint process can be made before the new conveyor system are 
put in and deliver a decrease in rework.  
 
The total budget for a new facility with all the recommended improvements is to be 
seen in Appendix 11. 
 
The author�s recommendation for the factory in total is to take care of the operators. 
To have the operators rotate between different workstations at least every fourth hour, 
prevents them from working on routine out of boredom and suffer injuries from 
repeatable movements. The benefits to gain from this is better quality and a more 
healthy and happy labour force. 
 

8.2 Implementation  
 
The preparation for the new layout has to begin several years before it is actually up 
and running. To start with the wall between bay 12 and 13 has to be demolished. A 
new canopy area has to be built, but these two actions do not influence the production. 
To implement the robots for paint is good to do as soon as feasible, while it is still 
possible to paint all the engines manually in one paint booth.  By doing this 
implementation of the robots does not effect the production either.  
 
To implement the conveyors is more difficult and demands several weeks of time. To 
be able to do this a stock of engine has to be built before the factory�s 2 weeks annual 
shut down period. A stock can be built by running the engine assembly tracks and 
Factory 1 Finish on weekends and perhaps even nights. This has to be calculated in to 
the budget in that case. The big implementation of the conveyors and workstations 
can be done during the shut down and, thanks to the extra engines built before, one 
week after shut down as well. The conveyors can be implemented in sections before 
shut down as well, to be able to run the old conveyor as long as possible.  
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9. Discussion 
 
 
This chapter is a discussion to sum up the project and the recommendations. 

 

This master thesis project has been focused on finding the constraints in the facility 
and a lot of the content in the thesis is about the weaknesses in Factory 1 Finish, 
which easily overshadows the fact that this facility produces a very high volume 
already today. To find what can be improved is not always easy, since the facility runs 
good as it is, though to keep up in this business it is essential to always continue to 
improve and become more effective for less money. 

The recommendations for Perkins are all investigated and compared against other 
equivalent options, though since the project considered a very wide area of subject 
there was no time to create detailed solutions for each recommendations. The thesis is 
to be seen as a base for Perkins to work from, the theory and what needs to be done is 
explained, but the implementation of the improvements has to be further developed 
and studied before final decisions is to be taken.  

Close cooperation with different suppliers and frequent contact with operators and 
engineers working in the area during the project have given the project a trustworthy 
connection to what can be made in reality, and will give Perkins a good view of where 
to start the improvement work and which new technology there is to choose from.   
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Appendix 11 
 
 
Budget Summary � A complete new facility (option 1 or 3). 
 

 
 
 
 
 
 

! Conveyors   £ 1,638,500 
! Load & Offload      £ 100,000 
! Material handling     £ 200,000 
! Paint robots       £ 400,000 
! Flywheel robots     £ 274,000 
! Vision inspection      £ 85,000 
! Tooling      £ 500,000 
! Pc�s         £ 90,000 
! Buildings & Fabrics    £ 400,000 
! Post paint verification     £ 100,000 
    
    

Total:   £ 3,787,500 




