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Abstract  
This report is the final thesis project for a Master of Science in Industrial Design Engineering 
at Luleå University of Technology, conducted during a 20 week period between September 2015 
and January 2016. The purpose of this master thesis was to evaluate and analyse a PCB 
conformal coating process at Saab EDS in Järfälla, Sweden. The analysis was done with the in 
order to find ways to reduce lead time and increase efficiency in a sustainable manner within 
this process.  

At Saab EDS in Järfälla electronic circuit boards are assembled for use in electronic warfare - 
and counter measure systems. Since these PCB assemblies are used in very demanding and 
harsh environments (i.e. on military airplanes) they must be conformal coated. Conformal 
coating is a process whereby a protective film is applied to the PCB assembly. This process is 
tedious with a lot of manual application and correction, despite the fully automated coating 
equipment. There is also a predicted increase in both volume and product complexity making 
the current process insufficient to meet those demands. Reducing lead time in the process is 
however not straight forward since the production displays characteristics of high-mix/low-
volume production. 

The project was conducted using a traditional development process where there was first a 
thorough review of available literature on the subject of lead time reduction in high-mic/low-
volume environments and on the subject of efficiency in conformal coating. The current state 
was then mapped and analysed using a mix of different well-known methods such as value 
stream mapping and hierarchical task analysis. The current state analysis resulted in a number 
of process requirements meant to alleviate the most critical issues. Solutions to these issues 
where developed using a high level of participation from the operators and company 
stakeholders to identify viable and reliable solutions. 

The final results pointed to three different areas as having the largest potential to reduce lead 
time and increase efficiency and capacity. These where; 

 A reduction of wait time and delays by introducing a plan- and control policy, a CONWIP 
policy was fund to be most suitable to the HMLV characteristics in the process. 

 Increased capacity in masking that can be achieved by upgrading the coating equipment 
to a higher level of precision and by developing individualized masking frames for 
complex boards. Additionally a proposed co-operation process between production- 
and construction departments will help alleviate masking issues in future products. 

 A reduction of cure time to normal levels, as it was prolonged due to quality errors. This 
can be done by investing in storage cabinets for boards in conformal coating so they are 
not subject to contamination and climate changes to the same extent and also by 
reviewing the coating application policy to possibly reduce the number of coats or the 
curing time between coats. Finally there must be a thorough review the cause of quality 
issues in curing so they can be improved in future products 

These changes could potentially lead to an average lead time reduction by up to 80% or 17 days 
and an increased capacity of up to 36% or around 340 more PCB assemblies per year. The 
changes will be essential to handle the increased volume and change in products that have been 
predicted. 

 KEYWORDS: Lead time, high-mix low-volume, conformal coating 
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Sammanfattning 
Denna rapport är det avslutande momentet på civilingenjörsutbildningen Teknisk Design vid 
Luleå Tekniska Universitet. Projektet som rapporten beskriver bedrevs under 20 veckor från 
september 2015 till januari 2016. Syftet med detta examensarbete var att utvärdera och 
analysera en process för kretskortlackering hos Saab EDS i Järfälla, Sverige. Analysen gjordes 
med målet att hitta möjligheter för att reducera ledtiden och öka effektivitet och kapacitet i 
denna process. 

Hos Saab EDS i Järfälla monteras kretskort som sedan används i system för elektronisk 
kringföring och motåtgärdssystem.  Dessa system används i väldigt utsatta miljöer på militära 
flygplan och måste därför lackeras för att skyddas från den omgivande miljön. 
Kretskortlackering innebär att kretskorten täcks med en skyddande film och processen för att 
göra detta är i dagsläget både svår och tidskrävande men många manuella moment, trots att 
själva lackeringen sker med automatiserad utrustning. Företaget förväntar sig dessutom en 
ökning av produktionsvolym samt en högre produktkomplexitet inom en närstående framtid 
vilket gör att processen måste förbättras för att klara de nya kraven. Det är dock inte helt lätt 
att reducera ledtiden i denna process eftersom produktionen karakteriseras av hög variation 
och låg volym vilket innebär att många traditionella metoder för ledtidsreducering inte passar 
bra till situationen.  

Projektet utfördes enligt en vanlig utvecklingsprocess och inleddes med en ingående 
genomgång av tillgänglig litteratur. Framförallt inom ämnena ledtidsreducering i hög 
variation/låg volym system samt effektivitet inom kretskortlackering. Sedan undersöktes och 
analyserades nuläget i processen med en blandning av välkända metoder som till exempel 
värdeflödesanalys och hierarkisk uppgiftsanalys. Nulägesanalysen resulterade i en 
kravspecifikation som pekade på de områden som hade störst potential för att reducera ledtid 
och allmänt förbättra processen. Lösningar utarbetades sedan med en hög participation från 
berörda parter för att försäkra resultatets realiserbarhet. 

Slutresultat pekade på tre områden som krävde insatser för att förbättras, dessa var; 

 En minskning av väntetid och förseningar i processen, vilket kan åtgärdas med ett 
planerings- och styrsystem. CONWIP ansågs vara mest passande med de hög 
variation/låg volym egenskaper som fanns i processen. 

 Ökad kapacitet i maskeringsoperationen, vilket kan uppnås genom en uppgradering av 
lackeringsutrustningen till en med bättre precision, införandet av specialiserade 
maskeringsramar till komplexa kort och även genom införandet av en 
samarbetsprocess. Samarbetsprocessen skapar bättre kommunikation mellan 
konstruktions- och produktionsavdelningarna och ökar därmed tillverkningsbarheten. 

 En minskning av härdtiden som idag är längre än vad som borde vara nödvändigt. Detta 
kan göras genom att investera i skåp som skyddar korten från kontaminering och 
klimatändringar, samt genom att utvärdera den nuvarande appliceringspolicyn för att 
minska antalet varv lack eller minska torktiden mellan varven. Till sist bör orsaken till 
kvalitetsproblem undersökas mer så de kan undvikas i framtida produkter. 

Dessa förändringar kan potentiellt leda till en 80 % kortare ledtid (ca 17 dagar) och en 36 % 
högre kapacitet. De rekommenderade förändringarna är nödvändiga för att kunna hantera de 
förändringar som kommer ske inom produktfloran i en snar framtid, 

NYCKELORD: Ledtid, Hög variation/låg volym, kretskortslackering
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1 Introduction  
This thesis project is the final element of the Master of Science degree in Industrial Design 
Engineering at Luleå University of Technology and consists of 30 credits (hp). The project is 
done in cooperation with SAAB EDS in Järfälla, Sweden, during September 2015 through to 
January 2016. The focus of the project is to evaluate the current conformal coating process in 
the circuit board assembly unit at Saab Järfälla and also evaluate methods, materials and tools 
that could reduce lead time and make the unit more effective. This chapter introduces the 
project by describing what made the project necessary and what its purpose was. 

1.1 PROJECT INCENTIVES 

The Sourcing and Production division at 
Saab Electronic Defence Systems (EDS) in 
Järfälla assemble circuit boards for use in 
electronic warfare- and counter measure 
systems. These products are used in harsh 
environments on military aircrafts and the 
circuit boards must therefore be coated to 
ensure they are not damaged during use. 
The coating is the last step of assembly and 
is done with an automated coating robot. 
The masking and inspection is done by 
hand and also entails a long curing cycle. 

As any company, Saab is constantly 
working to become more efficient and the 
coating process has been identified as a 
critical process to reduce the lead time of 
the entire assembly line. Today process of 
coating circuit boards are slow. According 
to a previous study conducted at the 
company the mean time from the end of the 
previous operation to a finished coated 
board is 25 working days, which is around 
26% of the total lead time of the products. 
This despite the fact that the coating 
application itself only take around 30 
minutes to complete. The process also has 
some issues with work environment as the 
work place exposes the operator to 
chemicals. By addressing these issues the 
overall efficiency of the production unit can 
be improved while also making sure that 
the work environment are up to par. 

The production has certain features that 
could prove difficult to handle when trying 
to reduce lead time and optimize. With 
around 150 types of circuit boards ranging 
from very simple to very complex and a 
yearly production volume of only around 

2000 boards the production displays 
distinct high-mix/low-volume character-
istics. Most well-known methods today for 
optimizing lead time and increasing the 
value flow, such as lean, are developed to 
work well in the opposite scenario where 
the mix is narrow and the production 
volume high. Therefore alternative or 
adapted solutions must be found in order to 
successfully reduce lead time and optimize 
this coating process. 

1.2 PROJECT STAKEHOLDERS 

The project stakeholders can be divided 
into two groups; supervisory stakeholders 
and user stakeholders. The supervisory 
stakeholders are the supervisors, examiner 
and project employer at Luleå University of 
Technology as well as Saab EDS Järfälla. 
These stakeholders hold certain 
expectations and restrictions that govern 
the outcome of the project. They also have, 
to a varying extent, influence over what the 
project should consist of and how it ought 
to be done. 

The next group of stakeholders consists of 
the user stakeholders. This is the 
stakeholders that will be affected by the 
project outcome and whose needs should 
therefore be taken into account when 
conducting it. The user stakeholders 
directly affected will mainly be the operator 
working in the conformal coating process. 
Production technicians, planners and 
maintenance staff could also be affected 
depending on the change that are 
recommended through the project.  User 
stakeholders that could be indirectly 
affected are the costumers (end customer 
as well as the downstream production 
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units) that could be affected by a more 
efficient and streamlined production. 

1.3 OBJECTIVES AND AIMS 

The objective of this thesis project is to 
analyse the PCB conformal coating process 
at Saab EDS Järfälla, and investigate 
methods that could be used to reduce the 
lead time and make the process more 
efficient. Also taking into account the work 
environment and related areas that are 
affected by the development so 
development is sustainable. Part of this 
objective is to investigate how lead time 
optimization can be done under the 
conditions of high mix/low volume that 
characterize the process.  

The aim of the project is to produce 
concrete, suggestions as to how lead time 
can be reduced within this process. To 
reach these objectives and aims the 
following research questions should be 
answered; 

I. How can a PCB conformal coating 
process with HMLV characteristics be 
optimized from the viewpoint of lead 
time? 

II. How can principles of lead time 
optimization be applied to a high-
mix/low-volume production segment? 

III. What variables affect lead time and 
outcome in a PCB conformal coating 
process? 

IV.  How can an optimized PCB conformal 
coating process be designed to ensure a 
good working environment? 

1.4  PROJECT SCOPE 

To ensure that the project stay within the 
boundaries of the project resources the 
following delimitations will be relevant; 

 The area outside the conformal 
coating process will not be 
included in the analysis. Nor will 
products that are today outsourced 
due to choice of coating material. 

 The choice of coating material will 
not be considered to any greater 

extent, only methods and general 
processes. 

 Full investment calculations will 
not be included. 

 The work will cover suggestions for 
improvements and how they can be 
implemented but the 
implementation in itself will only 
be initiated if time permits and are 
not necessarily included 

1.5 THESIS OUTLINE 

This thesis report follows the chronological 
order in which the project was performed. 
Chapter 1 introduces the incentives for the 
project and sets the boundaries for project 
objectives, aims and scope. Chapter 2 
describes the context in which the project 
was performed by introducing the company 
who initiated the project.  In chapter 3 the 
theoretical framework is presented. This 
covers the theoretical foundation on which 
the project result rely on.  Chapter 4 covers 
the project process and the methods that 
were used during the project to ensure a 
good end result. The results of the project is 
covered in chapter 5-8 where each chapter 
covers one step in the development process 
in the following order; description of the 
current state, analysis of the current state, 
concept development and finally a 
description of the final solutions that the 
project arrived at. The whole project is 
critically discussed in chapter 9 with 
regards to the process and the final results, 
connecting back to the objectives that the 
project is based upon. In chapter 10 the 
final results are summarized with concrete 
recommendations for the project 
stakeholders and for future developments. 

1.6  ABBREVIATIONS 

EDS Electronic Defence 
Systems 

PCB Printed Circuit Board 

PBA Printed Board Assembly 

HMLV High mix/low volume 

HVLV High volume/low variation 

ESD Electrostatic discharge 
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IPS Industrial Products and 
Services 

BGA Ball Grid Array; a type of 
PCB assembly component 

WIP Work in progress 

DBR Drum-Buffer-Rope 

CONWIP Constant work in progress 

POLCA Paired-cell Overlapping 
Loops of Cards with 
Authorisation 

TOC Theory of Constraints 

QRM Quick Response 
Manufacturing 
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2  Contextual framework 
It is important to understand how a study object is connected to its surroundings so its context 
can be accounted for in the subsequent development work. Therefore this section will explain 
the company and production process as well as the future goals that the study object is part of. 
The information in this chapter is mainly from discussions with employees at the site with 
complementary information taken from the company website. Because of this the section 
describes the company and context from their own point of view in order to understand their 
perspective. 

2.1 COMPANY INTRODUCTION 

Saab is a company with a long history in 
military defence business. Saab, at the time 
called Svenska Aeroplan Aktiebolaget, was 
founded in 1937 with the aim to establish a 
domestic defence industry in Sweden (Saab 
AB, 2014) Initially the company focused on 
developing and producing military aircrafts 
for Sweden. Today they are present globally 
and provide an array of military defence 
and civil security products, services and 
solutions (Saab AB, 2014) 

The company is divided in six distinct 
business areas (Figure 1) that are each 
specialized in a certain field, the production 
in Järfälla belong to the business field 
Electronic Defence Systems. EDS develops 
and manufactures radar systems, signals 

intelligence systems and self-protection 
systems for airborne, land-based and naval 
use (Saab AB, 2014). The sourcing and 
production unit within EDS are responsible 
for the production of series, pre-series and 
prototype material, including repair and 
overhaul.  

On the production site in Järfälla the main 
products are electronic warfare- and 
counter measure systems. Roughly 100 
people are employed within production 
Järfälla (Saab AB, 2014). A substantial part 
of the production site is the Printed circuit 
board assembly and test line (PBA 
Production in Figure 1). In this production 
unit the circuit boards for electronic 
warfare products are assembled both for 
prototype and series use.  
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2.2 THE PCB ASSEMBLY PROCESS 

The PCB assembly process can be described 
by the process map in Figure 2. The 
assembly of component onto plain circuit 
boards are done through loops of 
automated and manual assembly where 
components are soldered using a surface- 
or through-hole assembly machine and a 
reflow solder oven, they are then inspected 
and corrected manually. Often additional 
assembly or soldering is done manually 
during the correction phases. When all 
components have been soldered the boards 
go through a construction test that ensures 
that it has been assembled correctly. After 
which the board is visually inspected before 
being conformal coated, which is the final 
step of the PCB assembly.  

There is approximately 150 different types 
of circuit boards in production, ranging in 
complexity from very simple boards with 
four-five components to very complex 
boards with several thousand components. 
There is some process flow complexity as 
boards go through more or less of the core 
process in Figure 2 but coating is done on 
most products. Some products are however 
coated with Parylene, this process is 
outsourced.   

The production is done by batch and the 
batch sizes vary depending on the type of 
board and the demand for that type. The 
batch sizes can therefore be anywhere 
between 1 and 30+ boards but the mean 
batch size is around five boards or less and 
is very rarely above 10. The very large batch 
sizes only occur for small and simple 
boards and all items in one batch are the 
same product type. According to a previous 
study1 the time for one batch of boards to 
go through the entire process can range 
anywhere between 40 and 170 workdays. 
The production volume is low with around 
2000 boards produced every year.  

2.3 FUTURE DEVELOPMENTS 

This section provides an overview of the 

                                                             

1 Värdeflödesanalys i kretskortstillverkningen (Value 
flow analysis of PCB assembly), study conducted by 
Production Järfälla, June-August 2015 

developments that are predicted to occur 
within the foreseeable future. These 
developments will be taken into account 
when developing future concepts to 
improve the process. 

The overall production volume is predicted 
to increase in the near future but the 
biggest changes lie in a shifting mix of 
products. According to the manager of PBA 
Production (personal communication 
2015-09-08) the product range is in a 
transitional stage where the older 
generations of boards are being transferred 
from series production to aftersales 
production and a newer generation is 
taking over the series market. This means 
that older generation boards will decrease 
significantly in production volume and only 
be produced when service agreements call 
for it. Aftersales support and services are 
however quite long in this business which 
means that these boards will not be 
discontinued immediately.  

The decline of older generation boards 
means that newer and more modern boards 
will take their place in the production. The 

 

Batch kitting
Surface 

assembly and 
soldering

Soldering 
correction 
and visual 
inspection

Through-hole 
assembly and 

soldering

Soldering 
correction 
and visual 
inspection

Construction 
test

Final visual 
inspection

Conformal 
coating

Figure 2 - PCB assembly process 



 

6 

development in this area calls for more 
advanced boards with more components 
that are tightly packed. The different 
topography and change in coating areas 
lead to new challenges. Another change 
between older generation and newer 
generation is that through-hole assembly 
will be used to a lesser extent and almost all 
components will be surface mounted. This 
means that coating challenges connected to 
through-hole assembly will disappear 
whereas the ones connected to surface 
assembly will be more prominent. 

The assembly in its entirety is facing big 
changes in production methods within the 

next five years as they transition from lead 
soldering to unleaded soldering. This 
change is not anticipated to affect the 
conformal coating process directly but 
could have an indirect effect through, for 
example, changes in production volume, 
product variation and overall quality of the 
products that are to be coated. 
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3 Theoretical framework 
This section provides the theoretical backbone that this study is founded on. Through literature 
reviews of areas of interest for the project information, current research and experience have 
been collected to provide support for the results of this study.  The section begins with an 
overview on the subject area of industrial design engineering from a broader perspective then 
narrowing the focus to three subject areas that are especially relevant to this project. The first 
describes what lead time is and how we can reduce it to increase value in the processes. Then 
the characteristics of high mix/low volume production are investigated so the lead time 
reduction theories can be applied to this specific context. Finally the conformal coating method 
is overviewed specifying what variables affects lead time and work environment. 

3.1 INTRODUCTION TO INDUSTRIAL 
DESIGN ENGINEERING 

The theoretical basis of this thesis project 
lies within the area of Industrial design 
engineering. Industrial design engineering 
is a quite broad subject area that exists in 
the interface of industrial design and 
design engineering. Therefore it provides a 
holistic view on development and design, 
focusing both on the sustainability and 
human need as well as the technical 
engineering aspects that are required for 
functional products, processes or services. 

3.1.1 Production development 
Production development is the creation or 
improvement of manufacturing processes, 
Bellgran & Säfsten (2005) point out that 
production development encompass both 
the optimization of already existing 
systems as well as the development of new 
systems.  

Production itself is essentially a system of 
transformation that take an input and 
transform it into an output. According to 
Bellgran & Säfsten (2005) this trans-
formation can be in the form of separation, 
putting together, detaching, forming and 
quality adaption. For this project the focus 
is to optimize a process of the quality 
adaption type which essentially means that 
the process changes the characteristics of 
an item without affecting the shape, a 
surface treatment.  

To achieve the final output there must be an 
organisation of a technical system, a 
human system and an informational 

system (Bellgran & Säfsten, 2005). These 
systems must work together in an 
optimized way for the manufacturing 
process to be at its best and the goal of 
production development is to reach this 
optimized stage of efficiency.  

Measuring the efficiency of production can 
be rather complex but Bellgran and Säfsten 
(2005) suggest five different goals that can 
be utilized; cost, quality, delivery time, 
delivery precision and flexibility. This 
project will mostly focus on the 
optimization of the time aspect, but since 
all of these exist in unison there will also be 
some consideration to all of these aspects in 
order to produce holistic solutions. 

3.2 LEAD TIME  

Lead time is a well-known but poorly 
defined concept; the meaning of lead time 
differs depending on the point of view that 
is used. Olhager (2000) defines three 
different perspectives on what lead time is; 
Product development lead time, which is 
the time elapsed from when the need of a 
new product has been discovered until 
delivery; Delivery lead time, the span 
between when a costumer places an order 
until it has been delivered; and production 
lead time or throughput time which is the 
total production time for one product or 
one batch of products. In this project lead 
time will refer to the production lead time 
as this is the definition of concern for the 
project. 
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Production lead time consists of various 
types of time consuming elements. Arnold 
et al (2012) defines five elements; [1] queue 
time, [2] setup time, [3] run time, [4] wait 
time and [5] move time. Johnson (2003) 
puts it more simply as processing time, 
setup time, move time and waiting, but 
points out that waiting consists of many 
elements such as queuing, waiting due to 
batching and waiting due to synchronizing 
value streams. He argues that this 
distinction can be important when 
investigating the source of waiting with a 
goal to reduce it. For the purpose of this 
study a simpler model to describe lead time 
will be beneficial as many of the 
distinctions between different types of 
waiting is not relevant due to the narrow 
scope.  Therefore the lead time in this 
project is defined to be made up by three 
components as illustrated in Figure 3, 
where waiting consists of move time, queue 
time and waiting due to batching. 

Reducing or managing the lead time can be 
an important competitive advantage 
(Tersine & Hummingbird, 1995). The main 
advantage is of course the possibility to 
deliver products to the customer faster. But 
the lead time also affects other areas in the 
production process, Tersine & 
Hummingbird (1995) states that reducing 
the lead time can also help improve quality, 
cost, innovation and productivity. Johnson 
(2003) has a similar view and cites reduced 
inventory, improved quality, lower cost, 
reduced forecasting error, increased 
flexibility and reduced costumer response 
time as significant benefits of reducing the 
lead time.  

There seem to be a general consensus that 
reducing lead time is positive for most 
companies, the strategies to reduce it are 
plenty. It all stems from what is constituted 
as ‘wasted time’. According to (Tersine & 
Hummingbird, 1995) waste is strategically 
defined by identifying what the customer 
values. Everything that do not add value is 
therefore inherently waste and the target of 
lead time reduction schemes.  

 

3.2.1 Time drivers and wasted time 
To pinpoint what exactly affects the lead 
time there is a need to define time drivers 
and/or wastes. Time drivers are the factors 
that affect each time element in the generic 
lead time model previously described. 
Some authors talk about wastes, instead of 
time drivers but the idea is the same. By 
changing these factors a change in lead 
time can be brought about.  

Bartezzaghi, Spina, & Verganti (1994) 
suggest thirteen time drivers that affect 
lead time; 

1. Execution speed of resources 
2. Uncertainty or level of knowledge 

regarding the process 
3. Variety due to product complexity or 

mix of products 
4. Degree of unevenness in demand 
5. Resource saturation 
6. Defectiveness and process reliability 
7. Layout and location of resources 
8. Degree of parallelization of 

sequential activities 
9. Problem solving and leadership 
10. Coordinating mechanisms 
11. Planning and control rules 
12. Relations between lead times of 

different activities 
13. Learning 

Processing 
time

Setup timeWaiting

Figure 3 - Illustration of lead time 
components defined in this project 
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Johnson (2003) suggests a different model 
of time drivers or time components as he 
chooses to call them; processing time, 
batch size, setup and move time, variability 
and utilization. He also states that the 
largest potential to reduce lead time in 
most plants lie in reduction of batch sizes 
and also in reducing utilization so that 
variability can be better handled. He 
suggests that the cause of long lead times is 
planning and control policies that govern 
these two factors. Tersine & Hummingbird 
(1995) on the other hand suggests 
serialization of independent events, poor 
scheduling, unacceptable quality and poor 
layouts as reasons that make the lead time 
longer than necessary.  

These three authors have a somewhat 
different view on exactly what makes for 
longer lead times, however, when 
comparing these three statements many 
similarities appear and there seem to be 
certain groups of time drivers that emerge. 
Therefore we can conclude that the relevant 
time drivers in a typical manufacturing 
process is under the following categories; 

Execution speed of resources, Variability, 
Utilization of resources, Planning & flow 
design, Layout, Quality and finally 
Knowledge, problem solving & leadership. 
These factors have been summarized in 
Table 1. 

Both Johnson (2003) and Tersine & 
Hummingbird (1995) conclude from their 
research that planning policies hold the 
greatest leverage in changing the lead time. 
Mainly through elimination of harmful 
variability. There are many tools and 
techniques to reduce lead time and 
eliminate waste under different planning 
and control policies. The general consensus 
is also that wasteful activities should be 
targeted first as these drive cost and time 
without adding value. Value adding 
activities such as the processing time often 
hold little potential for lead time reduction 
as they are often overpowered by the 
wasteful activities (Tersine & 
Hummingbird, 1995) (Liker, 2003).  

 

 

Table 1 – Summary of time and waste factors 

Factor Description Mentioned by 

Execution 

speed 

The actual processing, setup or move time in 

a process 

Johnson, 2003 

Bartezzaghi, Spina, & 

Verganti, 1994 

Variability 

Controllable or random variation of factors 

such as; process speed, arrival rate, product 

mix, product complexity, demand 

Johnson, 2003 

Bartezzaghi, Spina, & 

Verganti, 1994 

Utilization 
Utilization of resources under normal 

conditions 

Johnson, 2003 

Bartezzaghi, Spina, & 

Verganti, 1994 

Planning & flow 

design 

Planning and control policies, serialization or 

parallelization of activities, batch sizing, 

communication, relation between activities 

Tersine & Hummingbird, 1995 

Johnson, 2003 

Bartezzaghi, Spina, & 

Verganti, 1994 

Layout Work flows and location of resources 
Tersine & Hummingbird, 1995 

Bartezzaghi, Spina, & 

Verganti, 1994 

Quality 
Rejection or rework of produced parts, 

process reliability 

Tersine & Hummingbird, 1995 

Bartezzaghi, Spina, & 

Verganti, 1994 

Knowledge, 

problem solving 

& leadership 

Uncertainty in the processes, learning 

abilities, decision-making processes 

Bartezzaghi, Spina, & 

Verganti, 1994 
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In order to target wasteful time drivers 
there need to be a definition on what waste 
is. Liker (2003) writes that value is 
anything that the costumer wants from the 
process and everything else is waste. To 
further specify this he states that wastes 
can be of three different types [1] wasteful 
activities, [2] overburdening of resources 
and [3] unevenness of demand/production 
level. The wasteful activities (popularly 
known as the 7+1 wastes) are according to 
Liker (2003); Overproduction, Waiting, 
Transport, Overprocessing, Excess 
inventory, Unnecessary movements, 
Defects and Unused employee creativity.  

3.3 HIGH MIX/LOW VOLUME 
PRODUCTION 

When describing the production from the 
point of view of part diversity Pandian, 
Yang, & Liu (2010)  define two extremes; 
high volume/low variety (HVLV) and high 
mix/low volume (HMLV). The former of 
the two is basically a mass production line 
producing a few variations of a product in 
very large quantities and the second is 
sometimes referred to as mass 
customization, with diverse products in 
small quantities. Jina, Bhattacharya, & 
Walton (1997) suggest that an HVLV 
typically has a volume of more than 

100,000 units per year whereas an HMLV 
typically produce 20,000 units or less, with 
a higher rate of bespoke products.  

When dealing with a HMLV production the 
variations can prove difficult to handle by 
means of traditional mass-production 
control policies, but not all production 
processes defined as high mix/low volume 
have the same type of variations or the 
same issues with planning and control. 
According to Irani (2011) some common 
differences compared to mass production 
are; 

 A more complex material flow 
network due to the larger variety of 
components, 

 High variation in demand and 
delivery dates  

 Variation in product types being 
produced and as a result of that 
variable cycle- and setup times 

 More complex production control 
and scheduling 

Jina, Bhattacharya, & Walton (1997) 
similarly state that HMLV production often 
have more turbulence than mass 
production. According to them these 
turbulences come in the form of frequent 
schedule changes, variation in product mix 
and production volume over time and also 
changes in product design while it is being 
produced. 

It can be concluded a HMLV producer 
typically experience more variation and 
complexity than HVLV producers, as 
illustrated in Figure 4. The high levels of 
variability can cause issues with things 
such as flow synchronization, under-
utilization, long lead times and poor 
delivery reliability (Khalil & Stockton, 
2010), basically it becomes difficult to 
achieve a stable production line. Especially 
since the variation could be an important 
order-winning criteria and not something 
that should be removed. 

3.3.1 Lead time reduction in HMLV 
As have already been established in section 
3.2.1 one of the major players when it 
comes to wasting time is the inherent 
and/or random variability in a process. 

Complex
planning

Complex 
material 

flow 
network

Variable 
demand

Variable 
product 

mix

Change 
in product 

design

Variable 
execution 

times

Figure 4 – Illustration of complexity 
factors in HMLV production 
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Managing variation is usually done through 
planning policies, one of the most 
widespread being Lean Production and its 
tools (Guan, Peng, Ma, Zhang, & Li, 2008). 
However this kind of planning policy rely 
on pull systems, systems that according to 
Guan  et al (2008) do not handle changes 
in schedules very well. Additionally Suri 
(2010) points out that lean tools are meant 
to reduce variability as that makes pull 
systems work more efficiently. This 
phenomenon of trying to reduce variation 
within Lean can be further exemplified by 
Liker (2003) who writes that unevenness of 
demand and/or production schedule must 
be resolved before any lean control policies 
will work. However, in an HMLV context 
variation can be strategically necessary to 
win orders and therefore something that 
need to be exploited, not removed. There 
are therefore differing opinions in whether 
or not implementation of planning policies 
such as Lean Production is still beneficial 
for an HMLV producer.  

Raghavan, Yoon, & Srihari (2014) and 
Pandian, Yang, & Liu (2010) claim that lean 
tools can be used in HMLV contexts with 
great success. Each of them able to display 
reduced lead times, reduced defect or scrap 
rate and other positive effects in the 
introduction of lean tools such as Kanban 
pull and single piece flow. Others claim that 
these tools are not at all suitable for HMLV 
unless modified.  

Irani (2011) lists of a number of lean tools, 
as outlined in Figure 5, that he claims is 
unsuitable for HMLV and therefore should 
be replaced by other theories that better 
account for the complexities in HMLV 
production. Horbal, Kagan, & Koch (2008) 
and Slomp, Bokhorst & Germs (2009) 
suggest similar approaches to make some 
of these lean tools, such as Kanban, Takt 
time and one-piece flow, more flexible and 
adaptable to HMLV. While Guan et al 
(2008) claim that concepts from Theory of 
Constraints should replace Just in time 
concepts and Suri (2010) profess Quick 
response manufacturing as the way 
forward. The general consensus seem to be 
that lean tools or versions of lean tools can 
be successful methods for lead time 
reduction and general improvements in 
HMLV production, but it will require some 
form of adaption. Stevenson, Hendry, & 
Kingsman (2005) reviewed seven different 
planning and control policies and their 
applicability to HMLV style production. 
They found that the different policies where 
never uniformly suitable to all types of 
production but rather displayed different 
benefits and disadvantages depending on 
the context. This is also underlined by Jina, 
Bhattacharya, & Walton (1997) who writes 
that the broad spectra of what constitutes 
HMLV means that generally applicable 
strategies cannot exist, instead it must be 
adapted to each company and their 
definition of HMLV production.  

3.4 PCB CONFORMAL COATING  

A conformal coating is a thin, 
approximately 25-75 µm polymeric film 
that covers the surface of a PCB and 
conforms to the profile or typography of the 
board (Gen3 Systems Ltd, 2008; Anderson, 
2013). The coating provides a seal that is 
electrically insulated and also protects from 
various environmental factors such as 
moisture, chemicals, salt, temperature 
variations, mechanical vibration and 
organic materials (Gen3 Systems Ltd, 
2008; ACI, 2007; Anderson, 2013). The 
coating can be messy and time consuming, 
and is therefore only done to PCB: s that are 
to be used in difficult environments.  

The coating material depends on what 

◦ Value stream mapping 

◦ One-piece flow cells 

◦ Product specific Kanban 

◦ FIFO sequencing at work centers 

◦ Pacemaker scheduling 

◦ Inventory supermarkets 

◦ Takt time and level loading 

◦ Single function manual machines 

◦ Assembly line balancing 

Figure 5 - LEAN tools not suitable for 

HMLV according to Irani (2011) 
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physical properties are needed to protect 
the board in its anticipated environment. 
The choice of material will also affect the 
process design since curing-, application- 
and rework possibilities can differ. The five 
most common coating types are acrylics, 
polyurethanes, epoxies, silicones and 
paraxylylenes (ACI, 2007; Gen3 Systems 
Ltd, 2008; Anderson, 2013). Since this 
project does not concern material choice 
the physical properties will not be 
reviewed. 

The process flow of a normal conformal 
coating process often consists of; cleaning, 
masking, coating and curing, inspection 
and finally rework (Keeping, 2008).  

Cleaning is an important step to ensure 
adequate quality of the finished board. 
Surface contaminations can cause poor 
adhesion or other quality issues that could 
result in failure of the final product. 
Inadequate cleaning is therefore also a 
driver for rework to correct such problems. 
According to Keeping (2008) some 
common surface contaminations that occur 
are ionic residues, oils, residual water and 
foreign object debris such as dust. 

Masking is used to protect areas on the PCB 
that should not be coated. The demands put 
on the masking are therefore dependent on 

                                                             

1 European standard IEC 61340-5-1:2007 

the design of the board as well as the chosen 
application technique (Keeping, 2008). 
According to Keeping (2008) and Gen3 
Systems Facts and data book (2008) a good 
masking material is easy to place and 
remove, does not leave residue on the 
assembly and is compatible with the 
coating material so as to properly protect 
the “no-coat” areas. The masking must also 
not cause de-wetting around the edges and 
should be ESD compliant1 in order to not 
ruin the assembly.  Some common masking 
materials are purpose-made “sleeves”, 
masking tape and liquid latex compounds 
(Gen3 Systems Ltd, 2008). 

Application can be done in several ways, 
both manually and automatically. The main 
types of application is defined by both 
Anderson (2013) and Gen3 Systems Facts 
and Data Book (2008) as brushing, 
dipping, spraying and needle dispensing. 
Brushing is a manual-only method that 
requires great skill from the operator. 
Thickness and quality control can be an 
issue when using this method but for small 
quantities or rework it is by far the cheapest 
option (Gen3 Systems Ltd, 2008). Dipping 
is usually a semi-automated or fully 
automated process suitable for high 
volume production. It requires thorough 
masking but gives good coverage and high 

Figure 6 - Selective conformal coating with spray application under UV light 
(CTProductionEMS, 2012) 
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throughput (Gen3 Systems Ltd, 2008). 
Spraying can be done manually or with an 
automated system, it is more time 
consuming than dipping but gives better 
finish. Spraying requires masking bot not 
to the same extent as dipping, especially if 
the board is designed in such a way that no 
coat components are kept separate from 
the coated area (Gen3 Systems Ltd, 2008). 
Needle dispensing produces a bead of 
material that is placed on the board where 
it levels itself out over the proximate area. 
Manual needle dispensing can produce 
high quality output but are only practical 
for smaller volumes (Szuch, 2004).  

Both spraying and needle dispensing can be 
done with a selective robot coating system 
(Figure 6). This is a fully automated coating 
method suitable for higher volumes of 
production. The automated system has 
inherent repeatability and is much faster 
than manual methods. Almost all coating 
materials can utilize either one of the 
methods described here with the exception 
of paraxylylene. Paraxylylene coating is 
deposited by specialized vacuum dispenser, 
a method only suitable for this coating type 
(ACI, 2007; Gen3 Systems Ltd, 2008). 

The curing of the coating is heavily 
dependent on the characteristics of the 
coating material. According to Gen3 
Systems Facts and data book (2008) there 
are three steps to curing; First the coated 
board will reach a tack-free state where the 
coating is no longer fluid. Next the dry stage 
is reached, which means the board can be 
handled without disrupting the coat. The 
board can be further processed at this 
point. However, optimum properties are 
not reached until the final step where the 
coat is fully cured.  There are two main 
ways to cure the coating; evaporate cure or 
polymerization cure.  

Evaporate or air cure means that a carrier 
solvent is mixed with the coating material. 
The solvent then evaporates, either in room 
temperature or by being heated, and leave 
the coating film behind (Anderson, 2013). 
The curing time depends on the thickness 
of the coat but can typically be up to 24 
hours in room temperature or as fast as 30 
seconds in an oven (Gen3 Systems Ltd, 

2008). Polymerization cure means that a 
chemical reaction is induced through 
oxidation, moisture exposure, use of two-
part reactive materials or UV exposure, 
causing it to harden through polymer-
ization (Anderson, 2013).  

The coating can in some cases affect the 
integrity of the board and inspection and 
quality control is therefore considered 
important. The Gen3 Systems Facts and 
data book (2008) suggest always utilizing 
100% inspection. Inspection is usually 
done under UV-light as most commercial 
coatings have an UV-fluorescent additive 
(Keeping, 2008). According to Keeping 
(2008) lighting with wavelength around 
365 nm offers the best possibility to detect 
non-conformities. It takes a certain amount 
of experience to evaluate thickness and 
coverage and if the specifications are not 
met the board must either be reworked or 
scrapped as it will be in danger of failure if 
used. 

3.5 WORK ENVIRONMENT 

A good working environment is 
foundational to achieve productivity and 
good health in any process. Not only 
because it will benefit the operators in the 
process but also because ergonomic 
interventions have the potential to improve 
other areas such as quality and productivity 
(Yeow & Sen, 2003).  Work environment is 
however a very broad subject, encom-
passing everything that affects human 
work, from ergonomics and physical 
environment to psychosocial and organ-
isational aspects. This section overviews 
some of the work environment aspects that 
are most prominent in conformal coating 
processes. 

3.5.1 Precision work 
Assembly processes that have heightened 
demand on precision requirements will 
affect both productivity and strain on the 
worker. Sporrong, Palmerud, Kadefors, & 
Herberts (1998) showed through EMG 
tests that an increase in precision demand 
will increase shoulder muscle activity, 
which is an indication of heightened strain. 
Additionally Wartenberg, Dukic, Falck, & 
Hallbeck (2004) could conclude that the 
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level of precision requirement will affect 
movement pattern and posture so that it 
becomes more restrictive. They could also 
see from their research that precision 
demand will affect task completion time 
and quality, the former can however be 
reduced somewhat through learning effects. 
To reduce harmful work the task 
characteristic should therefore be 
evaluated, as well as the workplace layout. 

According to Hägg et al (2008) and 
Kroemer & Grandjean (1997) one of the 
most important factors to avoiding harmful 
work postures is to make it variable and 
allow for alternation between sitting and 
standing. The actual posture is then largely 
dependent on the height of the work. Both 
Hägg et al (2008) and Kroemer & 
Grandjean (1997) suggests a work height 
that is  50-100 mm above elbow height 
when conduction precision work and also 
point out that the work surface should 
provide support for the arms. 

Light and vision requirements also play a 
large role when it comes to good 
ergonomics in both precision assembly 
work and inspection work. When objects 
need to be visualized against a background 
the contrast is important. Sufficient 
contrast can either be done with contrast of 
colours or contrast of illuminance 
(Bohgard et al, 2008). 

3.5.2 Chemical risks 
Chemicals in the work environment have 
the potential to cause a lot of damage, 
affecting the health of employees as well as 
being a potential environmental threat 
(Adamson, 2003). In conformal coating 
there is often a high level of solvents being 
used and according to Bohgard & Albin 
(2008)  solvent emissions can cause 
problems with headaches, fatigue or 
nausea. High levels of exposure during long 
or repeated periods of time can cause 
damage to the central nervous system. 
These types of emissions can also an 
environmental hazard. 

To provide safe working environments 
these risks need to be managed, Burgess, 
Ellenbecker, & Treitman (2004) suggest a 
straightforward and common approach to 

manage risks; [1] create awareness for the 
risks, [2] asses the risks and then [3] 
remove or control the risks. When it comes 
to the handling of chemicals there is a 
general order of solutions, suggested by, for 
example, Burgess, Ellenbecker, & Treitman 
(2004) Adamson (2003) and Bohgard & 
Albin (2008). 

The most effective solution is to remove the 
harmful substance or replace it with 
something less hazardous. Adamson 
(2003) points out that this is not always 
possible if no “safer” material fulfils the 
quality and cost requirements. That is 
when protective measures come into play. 
Protection can be done by keeping the 
worker separated from the harmful 
substance with physical barriers. Of course 
that is only practical if access to the 
chemical source is not necessary. 
Otherwise Adamson (2003) suggest partial 
enclosures or proper exhaust ventilation. 
Ventilation can either be general 
ventilation or local exhaust ventilation, 
often a combination is needed to keep 
hazardous contamination away from the 
worker (Burgess, Ellenbecker, & Treitman, 
2004). 

As a final resort there can be a need of 
personal protective equipment such as 
gloves, protective clothing or breathing 
masks. This type of equipment must fit 
properly, be of approved type, be properly 
maintained and not interfere with the work 
if they are to be helpful in protecting from 
the hazard (Adamson, 2003). 

3.5.3 Psychosocial aspects 
Psychosocial work environment is defined 
by Thylefors (2008) as one individual’s 
interaction with all things concerning the 
work situation. This means that 
psychosocial work environment is 
individually perceived and can differ 
between people and that it is affected by all 
other parts of the work environment.  

The psychosocial work environment has 
been proven by many researchers to affect 
other health related areas more 
traditionally associated with work environ-
ment. For example Catalina-Romero et al 
(2015) found that low levels of job control , 
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possibilities for development, social 
support, quality of leadership and poor 
rewards and to some extent double 
presence (the need to balance work and 
domestic life) were clearly connected to 
higher levels of sickness absence. So these 
factors can contribute to health problems 
and illnesses. Fredriksson, Bildt, Hägg, & 
Kilbom (2001) came to similar conclusions 
by linking musculoskeletal disorders in 
shoulders and lower back to psychosocial 
factors such as loss of occupational pride 
and reduction of decision latitude. There 
need to be a balance between routine work 
and creativity in work and an opportunity 
to influence ones work situation 
(Fredriksson, Bildt, Hägg, & Kilbom, 2001). 
Otherwise stress can become more 
prominent and also cause these 
musculoskeletal disorders.  

Thylefors (2008) cites Sigvard Rubenowits 
definition of five factors that majorly affects 
how positive the psychosocial work 

environment is perceived; (1) self-
management at work, (2) positive working 
climate, (3) stimulation in work, (4) a 
positive social climate and (5) an adequate 
workload. Basically this means that if an 
individual feel that they can affect their 
work, get along with their manager and 
their co-workers, enjoy the work tasks and 
are challenged or stimulated to develop by 
their work tasks, then that individual is 
more likely to perceive their work 
environment in positive terms. Therefore 
these factors need to be considered when 
making changes in a production process so 
they can be improved or at least not be 
negatively affected. An unsuitable 
psychosocial work environment causing 
health issues will naturally also affect the 
efficiency and quality of work. 
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4 Method 
This chapter describes the process and methods that where utilized to perform this project. It 
follows the chronological order of the project from project planning to execution, briefly 
describing when, how and why each method where used. The chapter concludes with a 
discussion concerning the reliability and validity of the chosen methodology.  

4.1 PROJECT PROCESS 

This project utilizes the project circle as 
described by Karlsson et al (2008) as the 
foundation or inspiration to guide the 
project. According to Karlsson et al (2008) 
this generic process is suitable for projects 
that are evolutionary rather than 
revolutionary. Evolutionary projects have 
the goal to improve already existing entities 
while revolutionary projects seek to 
develop entirely new things. Since this 
project have the goal to evaluate an already 
existing production process and suggest 
improvements to it can be classified as 
evolutionary, making this choice of process 
suitable.  

Karlsson et al (2008) suggests working 
with the project circle in a cyclic or iterative 
manner. This means that the steps are 
repeated in a few laps of the circle gradually 
moving the main point towards a concrete 
final concept. 

The project circle contains 8 phases 
(Karlsson et al, 2008) 

1. Plan for change 
2. Make diagnose 
3. Formulate goals and requirements 
4. Seek alternatives 
5. Evaluate and choose alternatives  
6. Develop chosen alternative 
7. Gradually implement 
8. Evaluate effects 

In order to better suit this specific project 
the steps of the project circle was adapted 
and renamed (Figure 7). 

Since this project puts heavy emphasis on 
diagnosing the current state it was 
considered necessary to divide this phase 
into more manageable pieces. The second 
phase has therefore been divided into three 

parts; Literature review, Mapping of 
context and current state and finally 
Analysis of current state. This division also 
help to accommodate the different 
demands put on the project by the 
stakeholders.  

Phase 7 and 8 of the circle is outside of the 
scope of this project, mainly due to time 
restrictions, however, the Detail design 
and verification phase lightly touch upon 
these two phases by suggestion how the 
solutions can be implemented in the future. 
The methods and tools used to perform 
each of these phases will be described in the 
following sections. 

Figure 7 - Inner circle; the project circle (Prevent, 1995).  

Outer circle; Project circle adapted to this project 
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4.2 PROJECT PLANNING 

The first phase contained two major areas, 
analysis of the project description 
including goals and scope, and time- and 
resource planning. The project description 
as provided by the company was critically 
examined and agreed upon by the 
stakeholders to ensure that the thesis meet 
the requirements imposed by the university 
as well as the company.  

The time- and resource planning were used 
to map out the process and methods 
needed to reach the goals. Time planning 
was done through a Gantt schedule, 
mapping out each phase as well as all 
deadlines. The Gantt-chart served as a 
guideline throughout the project to make 
sure it stayed on track and that the goals 
were being met on schedule. A summarized 
version of the project plan including the 
Gantt-chart, resource plan and team 
definition can be viewed in Appendix I. 

4.3 LITERATURE REVIEW 

The literature review sought to form a 
theoretical basis on which the project could 
be founded. By deconstructing the research 
questions four areas of interest could be 
identified. These four areas will together 
with the empirical results help to answer 
the research question as schematically 
illustrated in Figure 8. These areas are built 

to specify the theoretical base going from 
more general knowledge to knowledge 
specific to this study.   

The bulk of the literature was searched 
through Scopus and Web of Science as both 
of these are well known databases with a 
broad selection of peer-reviewed literature 
and with easy to use search engines. Some 
search was also done through Google 
Scholar as it provides results from several 
databases and provides broader results as 
the search engine behaves differently to 
Scopus and Web of Science. Some 
supplementary research was done through 
PRIMO, a search engine provided by Luleå 
University of Technology as it can provide 
more general knowledge through printed 
books. Database searches where done 
intermittently with different combinations 
of search words to exhaust as many options 
for information as possible.  

For all three areas the emphasis was put on 
describing current research through peer-
reviewed articles, with foundational 
information from printed literature. The 
area PCB conformal coating proved 
difficult to describe with current research 
and information needed to be added from 
sources originating from the industry. 
Since these sources are considered to have 
less scientific merit, a large number of 
sources were used to draw conclusions. 

 
Figure 8 - Illustration of theoretical framework 
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4.4 MAPPING CURRENT STATE 

The step Mapping context and current 
state sought to define what the current 
state is in terms of how the process 
currently operates and what the problem 
areas are. Mapping the current state did not 
only entail looking at the one process but 
also to investigate processes of other actors 
on the market, and thereby gain a more 
comprehensive view of what conformal 
coating is and how it works.   

4.4.1 Data collection 
The first step to understanding the current 
state was collecting data on how the process 
operated. This meant gathering infor-
mation about how the process using several 
data sources to ensure a holistic view. 
Collection of data was done mainly through 
observations, reading process document-
ation and gathering statistical data about 
cycle times, lead time, product variation 
and production volume. 

At the initial stage observations where used 
to gain a foundational understanding on 
how the process was conducted. 
Observations are a method suitable for 
understanding how users act within the 
system, writes Osvalder et al (2008). 
Which means it is useful to understand 
what people actually do, not only what they 
think or say that they do.  

Observational studies can be conducted in 
a range of ways depending on what kind of 
data is required. Osvalder et al (2008) refer 
to two classifications of observations; direct 
and indirect, where the former refers to 
when the observer is present in the system 
and the latter to observations conducted 
through recordings. The former would 
often require the observer to be as discrete 
as possible so as not to affect the actions of 
those being observed. For the purpose of 
this study a direct and participative 
approach was used. This means that the 
observer is actively participating in the 
studied process instead of trying to be 
discrete. This can help the observer 
understand a previously uncharted process 
better as the observer experiences the 
process by themselves.  

 

Since the observations where mainly used 
to understand the process it was done 
unsystematically as anything of interest 
was noted in writing. A full process for one 
batch of products was observed over the 
course of a week while making sure to 
discuss what troubles or variations tended 
to happen at each step with the operator.  

To further the understanding of the process 
written instructions and standards where 
reviewed. These served the purpose of 
showing the difference between what was 
intended and what was actually being done 
in the process. Reading instructions also 
helped identify the different tasks that 
describe the process. 

To determine the lead time and cycle times 
of the process and its sub-steps relevant 
times needed to be collected from the 
process. Because of the variance 
experienced between product types it was 
considered insufficient to use one product 
as an example, it would not give enough 
information about the variability. 
Therefore historical data was utilized to 
collect sample data. The use of historical 
data was chosen as the production was 
temporarily very low and collecting enough 
primary data would have taken too long. 
The historical data was extracted from the 
company database where operators 
register date and cycle time for each 
completed processing step. Data covered 
103 different batches of 39 different 
product types. These where randomly 
chosen from batches processed during 
2014 or early 2015.   

To understand production volume and 
product variation in the process historical 
data on what had been produced between 
2012 and 2015 was extracted from the 
company database.   This data was then 
utilized to determine the weekly capacity 
and utilization of the process according to 
the following formulas; 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑡𝑖𝑚𝑒

𝑅𝑢𝑛 𝑡𝑖𝑚𝑒
 

𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 =
𝑅𝑢𝑛 𝑡𝑖𝑚𝑒 ∗ 𝐷𝑒𝑚𝑎𝑛𝑑

𝐴𝑣𝑎𝑙𝑖𝑎𝑏𝑙𝑒 𝑡𝑖𝑚𝑒
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Where available time is the hours available 
to process orders, run time is the average 
planned time to produce a batch and 
demand is the average number of orders 
that is due in a week. 

4.4.2 Benchmarking 
Benchmarking is a method used to map 
others in the field and compare it to their 
own process. Andersen & Pettersen (1997, 
p. 12) define benchmarking as ”the process 
of continuously describing and comparing 
their company's processes with the 
corresponding processes within leading 
organizations to obtain information that 
could help their own organization to find 
and implement improvements”.  

Benchmarking can be done in several 
different ways and with different goals, in 
this project the focus was on process 
benchmarking which according to 
Andersen & Pettersen (1997) is the 
comparison of the methods and practice for 
specific processes with the purpose to learn 
from others. In this project the 
benchmarking served two purposes; firstly 
it as concrete examples on how conformal 
coating process could be designed. This 
facilitated understanding of conformal 
coating in general and helped emphasize 
arguments for what variables affected the 
outcome of a process. As an additional 
benefit good practices could be identified 
and serve as inspiration during the concept 
development stage. 

Two benchmarking visits where conducted, 
too Saab IPS Avionics at October 11, 2015, 
and too RUAG Space at November 16, 2015. 
The companies where chosen as a study 
object since they were known to have 
comparable processes and produced 
similar products. The first visit was in the 
form of internal benchmarking, i.e. 
comparisons done within the company. 
Internal benchmarking ensures that data is 
easy to obtain and it is usually simpler to 
compare processes within the same 
company as standards and work practice is 
often similar (Andersen & Pettersen, 1997). 
The second visit was a so called functional 
benchmarking with a supplier, which also 
considered an easy way to obtain accurate 
data as the company could be more willing 

to share information than a pure 
competitor (Andersen & Pettersen, 1997). 

 The benchmarking visits where performed 
using semi-structured observations and 
interviews on site. Data and information 
was provided by the company and not 
measured. In order to facilitate comparison 
between processes relevant areas was 
identified and structured as a checklist to 
ensure that all useful information was 
collected during the visit (Appendix II). 

4.5 ANALYSIS OF CURRENT STATE 

The fourth phase was made to summarize 
the findings from the current state and 
describe the problem that need to be 
solved. The aim was be to critically evaluate 
the current state and then connect it with 
the theoretical framework to establish a 
goal for the solution process.  The methods 
used in this phase will be further described 
in the following sections. 

4.5.1 Hierarchical task analysis 
Task analysis is an umbrella term for 
different methods used to describe what a 
person is required to do within a process in 
terms of actions, methods or sub goals 
(Kirwan & Ainsworth, 1992). One such 
method is Hierarchical task analysis 
developed by Annett and Duncan in the 
early 70: s (Shepherd, 2000). The HTA 
results in a hierarchical map of the 
operations or subtasks that need to be 
performed to reach the process goal to a 
suitable level of detail (Kirwan & Ainsworth, 
1992). In this context the HTA was used to 
structure and understand the process and 
its steps as a way to formalize the result of 
the observations that was done during the 
data collection. The hierarchical task 
structure also served as a framework to 
identify which part of the processes added 
value to the customer and which did not. To 
ensure that the HTA described the process 
in a reliable manner the operator was used 
as reference to check the accuracy of the 
description. 

4.5.2 Value stream mapping  
Value stream mapping is a Lean tool first 
developed by Rother and Shook in 1998.  It 
is a paper and pencil tool that is meant to 
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help visualize the material flow and identify 
issues with it (Rother & Shook, 2003). The 
main advantages of this tool is the holistic 
view it provides as the mapping consists of 
both the material flow as well as the 
information flow, it also serves as a 
powerful communication tool as the 
visualization facilitates understanding 
(Braglia, Frosolini, & Zammori, 2009). 
According to Rother and Shook (2003) the 
VSM process consists of four steps as 
illustrated in Figure 9. In the context of this 
project the VSM tool was first and foremost 
used as a way to map and understand the 
current process and not a development tool 
for the future state and therefore only the 
first half of the process was performed.  

The first step to the VSM is to decide what 
product family should be mapped. In the 
conformal coating there was only one “type” 
of product that was processed; PCB 
assemblies. There was not a meaningful 
way to divide this product group with the 
information available. The map is then 
drawn using process boxes and other 
standardized icons to describe the material 
flow and information flow. According to 
Rother and Shook (2003) this is done by 
“walking the flow” which means that one is 

to follow the material flow backwards and 
record significant data for each process. It 
has been pointed out by several authors, 
summarized by Braglia, Frosolini, & 

Zammori (2009), that VSM is mostly 
suitable to High volume, low variation 
production where the flow is fairly linear 
and the variability between products small. 
This is not the case in the process that was 
studied in this project, therefore an 
adaption to this process was made.  

Braglia, Frosolini, & Zammori (2009) 
suggest that instead of using a 
deterministic value for processing times 
and wait times one can utilize values 
describing the probability of those times. 
Therefore the data used in the VSM was 
based on the time data gathered from the 
company time reporting database (see 
4.4.1) and the probability was represented 
by calculated averages and standard 
deviations. 

From the current state map the lead time 
and the value of each processing step could 
be determined. It served as a visual base to 
perform analysis on what caused issues 
with lead time and efficiency, like 
identifying what operations caused delays 
and where queuing occurred. 

4.5.3 Ishikawa diagram 
To better understand the operator’s point 
of view, and identify issues that could not 
be seen through observation, a co-operative 
method based around an Ishikawa diagram 
was used. Ishikawa diagram is a method 
originating within quality management 
with the aim to help identify causes to a 
well-defined issue (Osvalder et al, 2008). 
The issue or effect is placed at the “spine” 
of the diagram and causes are then ordered 
into main categories that branch of the 
spine. These main categories can be 
adapted to the area that the method is 
applied to but within manufacturing the so 
called 7 M: s, Measurement, Milieu, Man, 
Management, Method, Machine and 
Material, are used (Osvalder et al, 2008). 
For this project the 7 M: s served as 
inspiration but was slightly adapted to fit 
the problem at hand with six categories as 
illustrated in Figure 10. The Ishikawa 
diagram was filled in with the operator and 
thoroughly discussed to identify any 
problems that occurred within the 
production process. The diagram worked 
as a structure for an interview-like 

Identify product 
family to be mapped

Draw current state 
map

Draw future state 
map

Construct a 
implementation plan

Figure 9 - Value stream mapping 
process according to Rother and 

Shook (2003) 
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discussion. A focus group or workshop was 
not considered useful as there is only one 
operator in the process. 

4.6 FORMULATION OF 
REQUIREMENTS 

Phase five, Formulation of requirements 
served as a connecting phase between 
current state analysis and concept 
development. In this state the issues in the 
current state was compiled and 
transformed into goals and requirements 
for future solutions. Bellgran & Säfsten 
(2005) argues that the process 
requirements have a dual purpose, first to 
provide an initial direction for generating 
ideas and concept, secondly to provide a 
base for evaluation later on in the process. 
Cross (2000) also puts forth a similar view, 
additionally he points out the limiting 
factor that process requirements can 
become. Requirements should be defined 
precisely but not limit the range of 
solutions to narrow.  Another pitfall to 
avoid is the fact that process requirements 
are requirements on the performance not 
requirements on what the solution should 
be (Cross, 2000). The requirements was 
defined by identifying the requirements 
needed to solve the problems stated by the 
analysis. To find the proper level of 
requirements users and stakeholders were 
involved in the process. 

4.7 IDEATION 

The ideation phase consisted of creative as 
well as rational methods to generate ideas. 
Ideas that could help solve the main issues 
that was identified in the current state 

analysis. Since issues was identified in 
several areas each of these where treated 
separately during ideation as it was 
considered more useful to focus on one 
issue at a time instead of trying to solve 
everything at once. An important aspect of 
the ideation was to involve the stakeholders 
at Saab as much as possible to ensure that 
the solutions where accepted and grounded 
in the organization. 

4.7.1 Rational idea generation 
For two of the three areas of issues a 
rational approach was conducted to 
generate ideas, this was complemented by 
more creative brainstorming sessions and 
discussions with involved personnel. 
According to Cross (2000) rational design 
methods provide a systematic backbone to 
the design process and serves the same 
purpose as creative methods. The use of 
these rational methods was mainly due to 
the fact that these areas of issues (reduce 
wait time and reduce cure time) had a 
concept driven approach. This approach 
means that the “concept” is already decided 
before the designing of solutions (Bellgran 
& Säfsten, 2005), in this case the current 
state analysis showed what the solution 
should generally be about for these two 
areas, shifting the focus from concept 
generation to detail development of the 
concepts.  

Main issue:

Long lead-time

 

Figure 10 – Ishikawa diagram base 

Match 
demands 

to 
conceptual 

solutions

Identify and 
quantify detailed 
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solutions from 

theoretical 
framework

Figure 11 - Idea generation process 

for solution space "reduce wait time" 
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In Figure 11 - Idea generation process for 
solution space "reduce wait time" and 
Figure 12 the schematic process for each of 
these idea generation processes is 
illustrated. The focus is mainly on applying 
the knowledge for the current state analysis 
and theoretical review on the issues to solve 
them. 

4.7.2 Brainstorming workshop 
For the third area of issue “increase 
capacity” a more creative idea generation 
was utilized. Here the main approach was 
“concept generating” as opposed to 
“concept driven” and more freedom was 
therefore put into idea generation. To 
generate diverging and innovative ideas a 
workshop was utilized.  

Workshops are commonly used to include 
different point of views in a design process 
and make it more participative. 
Participation can be of many forms, 
Osvalder et al (2008) suggest using a high 
level of participation from users and 
stakeholders as this forms a greater 
connection to the reality and therefore 
increases reliability. He also mentions that 
too much participation might not be a good 
thing as users often do not have the 
methodological expertise required. A good 
middle ground is developing with the user 
and utilizing them as a source of 
information. In this case the participating 
users provided a more thorough knowledge 

on what is workable and what is not. The 
workshop was conducted using the 
framework described by Michanek & 
Breiler (2007), as illustrated in Figure 13, 
which consists of four parts that work 
together to stimulate the creative process. 

Knowledge refers to the knowledge of the 
team that conducts the workshop. Both 
Michanek & Breiler (2007) and Cross 
(2000) argues that a successful idea 
generation requires a diverse team with 
different amount of knowledge. Some 
should have expertise or specific 
knowledge (i.e. users) while others should 
be more of generalists so freer thinking can 
be encouraged. The workshop therefore 
included a diverse team consisting of 
representatives from operators, production 
engineering, construction engineering and 
management so as to cover all points of 
views that could prove relevant. 

Mental and physical environment serves to 
create a creative atmosphere for idea 
generating. Michanek & Breiler (2007) 
refers to this as creating a good atmosphere 
in the group where the participants feel 
inspired and also adapt the surroundings 
so that it stimulates the process.  

The last piece, method, refers to the 
techniques used to induce creative thinking. 
In this case the chosen method was 
brainstorming. Brainstorming is a classic 
method to produce a large number of 

Identify varables that affect cure time 
from current state analysis and 

theoretical framework

Decide on feasible target values for 
these variables

Identify improvement suggestions that 
can cotain the effect of the variables 
from becnchmarking and theoretical 

framework

Figure 12 - Idea generation process for 
solution space "reduce cure time" 
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Breiler (2007) 
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diverging ideas in a short period of time. 
The principle of brainstorming is according 
to Cross (2000) that a small group of 
participants formulate ideas based on a 
problem statement. This problem 
statement is often formulated as a question 
and all the members of the group are free to 
bring forward any association they can 
come up with. For the process to work 
criticism is not allowed, instead everyone 
should aim to build on each other’s ideas, 
no matter how “crazy” they might seem at 
the moment (Cross, 2000; Michanek & 
Breiler, 2007). For the workshop three 
different prompts where used to initiate 
brainstorming; 

 How would the perfect conformal 
coating process work?”  

 What demands are put on a well-
functioning conformal coating 
process? How is quality of output 
ensured? 

 How can masking be performed faster 
and with less operator resources? 

Ideas where written down on post-it notes 
and attached to a whiteboard, the group 
then sorted the ideas into different types of 
solutions and discussed them further to fill 
in blanks and combine ideas. The full plan 
for the brainstorming workshop can be 
viewed in Appendix III. 

4.8 EVALUATION 

Phase 7 contained the evaluation of 
concepts from the previous stage to select 
what concept should be further developed 
to a final solution. The evaluation also 
served as a verification stage where it was 
ensured that the concepts fulfilled the 
requirements put on them.  The evaluation 
was partially done with rational methods in 
the form of various evaluation matrices, 
depending on the type of evaluation that 
was suitable to the suggestions. But also 
using more subjective evaluation to 
estimate characteristics that might be 
difficult to measure objectively. During the 
evaluation process the users and 
stakeholders was routinely involved in 
discussions to validate the feasibility of the 
chosen solutions.  

4.8.1 Evaluation matrices 
Two different rational evaluation matrices 
where utilized for two different solution 
spaces. Conceptual control policies where 
evaluated using an objectives matrix. This 
evaluation matrix scores each concept on 
how well it fulfils each criteria and 
therefore helps assess the suitability of 
different solutions. Each concept where 
compared to each demand and given a 
score on a three-grade scale; not suitable, 
either way and suitable. The concept with 
the most suitable and either way scores 
would in theory be the most fitting solution 
and therefore also produce the best results. 

When it came to suggestions for increasing 
capacity in masking the different concepts 
where evaluated using pair-wise 
comparison between the concepts and the 
current state. Each pair was compared and 
given the score of 2 for the solution with the 
most benefit and 0 to the one with the least. 
If the compared concept had an equal 
benefit they were both given the score of 1. 
The highest total score would therefore be 
the one to provide the highest benefit. 
Benefit in this case being defined as 
“potential for capacity increase in relation 
to the challenge of implementation”. The 
final selection was also influenced by 
mutual exclusivity and connection between 
the concepts. Since not all concepts where 
equally comprehensive some of them 
complemented each other well while others 
ruled out each other.  

4.9 FINAL DESIGN AND 
VERIFICATION 

The final phase of the project served to 
detailing the final solutions. In this phase 
the configuration of each selected solution 
where considered and developed. 

For the solution space reduce wait time this 
meant; dimensioning and adjusting the 
control policy to fit the process and 
deciding on how the control policy should 
be executed practically. This where done by 
working through the details using the 
theoretical framework as a base and also 
utilizing the knowledge of the operator to 
identify possibilities. 
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For the other solution spaces, increase 
capacity in masking and reduce cure time, 
the different parts of each solution where 
synchronized so they worked together and 
formed a unified concept. Details on how 
they could be practically implemented was 
decided.  

To verify each of the solutions the potential 
change in lead time and/or capacity was 
calculated. The solutions were also 
analysed with consideration on what 
additional benefits they would bring. As 
with the previous development steps 
continuous feedback from users and other 
stakeholders where utilized to ensure that 
the solutions where realistic and fit the 
organization. This also helped anchor the 
ideas in the organization, creating 
acceptance. There was however limited 
ability to practically verify the solutions, 
mainly due to time constraints. Therefore 
some practical tests might be needed before 
implementation can be safely conducted. 

4.10 RELIABILITY AND VALIDITY 

In this section the choice of methods will be 
critically discussed with special concern to 
reliability and validity of the project 
process. There was two main strategies that 
was utilized to provide a high level of 
reliability; combination of methods and 
high level of participation.  

Combination of methods meant that 
methods where chosen with careful 
consideration to the context they needed to 
be used with. When possible, several 
methods where chosen to complement each 
other. Especially during the current state 
mapping and analysis since this required 
the highest level of reliability during the 
course of the project. It was however not 
always possible to utilize some methods 
that would have provided good 
complementation. For example it would 
have been desirable to add a focus group 
discussion or interviews to the 
observations when collecting data. As that 
would show several opinions and points of 
view about the process. This was however 

not suitable since there are only one 
operator in the process. Instead a more 
participative observational method was 
used so the opinions of this operator could 
be caught with continuous one-on-one 
discussions. 

The choice of method also focused on 
choosing well known and well documented 
methods to work with, such as value stream 
mapping, hierarchical task analysis and 
ishikawa diagrams. As that would increase 
reliability of the result from those methods. 
The methods were in most cases suitable to 
the process they were meant to map and/or 
analyse but in some cases there was a need 
to adapt the methods. When adaptions 
were done it was ensured that a theoretical 
foundation approved of the adaptions and 
there was some argumentation in favour of 
the changes. A very apparent example of 
this was the value stream mapping that 
took into account variability instead of 
relying on “snapshot” values. 

 The use of historical data for the value 
stream mapping and other process 
calculations of course comes with certain 
disadvantages. As the reliability of 
historical data is more difficult to assure. It 
was likely that the data contained 
deviations since everything is manually 
recorded making the human factor a risk. 
In order to surpass these reservations 
continuous discussions with the operator 
was conducted so that sources of deviant 
data could be monitored and taken into 
account during analysis.  

The other strategy to ensure reliability was 
a high level of participation. This is cited by 
for example Osvalder et al (2008) as a 
dependable way to ensure that solutions 
are feasible and valid for the context. The 
participation was evident throughout the 
project, from data collection to concept 
development. Especially during the later 
parts of the project, with workshops and 
continuous discussion about concepts with 
stakeholders. This was essential since time 
constraints made it more difficult to verify 
solutions than first anticipated. 
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5 Current state 
To make improvements there must first be a thorough understanding of the starting point. This 
is especially true when the development has an evolutionary approach, which is the case in this 
project. This section is the result of mapping the current state of the conformal coating process 
and attempts to describe it as thoroughly as possible. This will then become the baseline from 
which issues can be identified and solved so that the process can perform even better in the 
future. The chapter first addresses the intricacies of the conformal coating process at Saab 
Järfälla and then describes how the process compares to other companies.  

5.1 THE CONFORMAL COATING 
PROCESS 

This section briefly describes the conformal 
coating process at Saab Järfälla that has 
been the object of this study. The process is 
principally the same for any type of PCB 
assembly, an overview of the main steps 
can be seen in Figure 14, for a more in depth 
view of sub steps refer to the hierarchical 
task analysis in Appendix IV. Before 
arriving at the conformal coating the PCB 
have gone through assembly as described 
in chapter 2.2, the last step of this is a 
combined cleaning and contamination test. 
Cleaning is a step that is usually seen as 
part of conformal coating but in this case it 
is considered separate from the coating due 
to the work flow in the factory. 

The conformal coating is done with a select 
spray coating system, capable of both 
spray- and needle dispensing to 
accommodate the requirements of different 
boards. But before the coating is performed 
the boards are manually masked using tape 
and masking liquid to protect areas that 
should not be coated. The areas to be 
masked are specified by the blueprints, the 
choice of masking material however, is up 
to operator experience on the basis of what 
components are to be covered and how the 
coating program is done. For example 
contacts are very sensitive to coating 
leaking into it and should therefore be 
thoroughly masked, but if the coating 
program avoids the contact less masking 
will be needed as the risk of leakage is 
smaller. In general the masking is done on 
open components such as contacts, some 
flat-pack components, solder pins, gilded 

pathways and mechanical parts. Tapes and 
dots are the most used masking materials. 
Masking fluids is usually only applied to 
high components that can’t be taped well 
and gel-coating is used to prevent wicking 
around the base of components or in small 
through-holes. 

Each assembled side of the board are 
coated two to three times to reach the 
specified thickness. The general rule is that 
more components require more layers of 
coating, so usually the secondary side have 
two coats and the primary three. If boards 
have a side without components it will not 
be coated on both sides. Usually the 
secondary side is the first to be coated 
followed by the primary side, however this 
is not always the case as some components 

Masking
Coating with 

robot and 
drying (x5)

De-masking
Inspection 

and 
correction

Drying and 
curing

Package and 
send to 
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Figure 14 - Conformal coating process 
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need to be coated from the underside first 
through via-holes in the board and these 
can be placed on either the secondary- or 
primary side.  

Between each coat the boards are left to dry 
for four hours in a fume hood. When all 
layers are finished the PCB assembly is de-
masked and inspected under UV lights. 
Generally some rework is done manually at 
this stage to ensure that nonconformities 
such as bubbles in the coat are corrected.  If 
the coating is up to standard the board are 
left to dry in room temperature under a 
fume hood for 72 hours. It is then cured in 

60◦C for 12 hours and left in room 
temperature for another 24 hours before 
being packed up in ESD-proof bags and 
sent to storage. 

There is one operator that takes care of 
every step in the process from masking to 
packing. The current operator has worked 
in the conformal coating for 2 years and is 
experienced. The operator plans the work 
within the process but must conform to the 
prioritizing level that has been assigned to 
each batch. The prioritization is assigned to 
a batch by the planning department and is 
a three level categorization of how urgent a 
batch is for delivery. Red class batches 
should be prioritized before yellow class 
batches and green class batches. If there are 
several batches of the same class the 
delivery due date is the final priority. The 
operator can however adjust the priority 
somewhat to optimize the process. It could 
not be concluded from data how big the 
effect on lead time is depending on the 
priority status but it seem likely that it 
could have some impact on the initial 
waiting time. When the batch has started 
processing it is should not kept waiting 
between process steps longer than 
necessary as that could cause quality issues. 

5.2 VARIATION AND VOLUME 

The first question one might ask is whether 
this process should be classified as HMLV, 
as the principles to reduce lead time will be 
affected by that classification. When 
looking at historical data of what have been 
produced the last few years the product 
variation become evident. The most 

produced part type in  conformal coating 
only reach a volume of 282 items over a 3.5 
year period, 8% of the total production. In 
the same time period the total yearly 
production fluctuates around 900 -1000 
items of 45 to 70 different part types (Table 
2). Through these observations and with 
the support of theory described in chapter 
3.3 it can be concluded that this indeed is a 
HMLV type production. Although there are 
several common characteristics of HMVL 
production that is not represented in this 
specific case.  

Since the scope is very narrow in this 
project, only covering one “workstation” in 
a larger production process the 
consequences of product and production 
complexity are not as prominent. Referring 
back to Figure 4 where some common 
complexities in HMLV was outlined; We 
can in this case see variability in product 
mix and demand that also induces 
variability of processing time, as each type 
of product have different processing 
requirements. On the other hand this scope 
has a linear process without a complex 
material flow network and changes in 
product design during production are not 
something that happens. Since not all types 
of common variability are present the 
complexity of planning is also less that it 
could otherwise have been. 

Table 2- Summary of production data  
2012 – 2015 
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5.3 LEAD TIME  

To map the lead time of the process a value 
stream map approach has been used. In 
order to accommodate the variation of the 
production measures of central tendency as 
well as standard deviation have been 
calculated from a data sample as described 
in chapter 4.4.1.  Times specified in Figure 
15 are on the following form: mean 
(standard deviation). Times that are not 
displayed with standard deviation are 
standard time that could not be measured 
separately. A data- and calculation 
summary can be viewed in Appendix V. 

The first conclusion that can be drawn from 
the VSM is that idle waiting time is by far 
the largest part of the lead time. A 
breakdown of the three time components 
specified in chapter 3.2 shows that more 
than 95% of the lead time is waiting (Figure 
16). Through observations it can be 
concluded that the idle time are of three 
different types; queuing, curing time and 
planning-related waiting. These three 
different types of idle time cannot be 
considered the same from a value 
perspective but are difficult to separate 
from each other in the data. Queuing is 
almost exclusively the reason for the long 
waiting time that sometimes occurs before 
the first processing step starts. This can be 
concluded from observations as well as the 
collected data indicating that arrival rate 
and demand plays a big role in this waiting 
time. Between the process steps the main 
reason for waiting time seems to be the 
curing. But any time the waiting time 
exceeds the curing time the probable cause 
seem to be planning related. Difficulties to 
plan in such a way that waiting times are 
not prolonged could be due to high 
utilization or in some cases due to the 
operators experience in planning. 
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Figure 15 - Value stream map of conformal coating process 
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5.3.1 Processing and setup 
The most time consuming and also most 
variable processing activity seem to be the 
masking of the board. For a mean batch 
around 36% of operator time is spent on 
this step (Figure 18) and it can vary from a 
few minutes per board up to more than an 
hour spent per board. The maximum 
recorded time spent is three hours per 
board including setup time. Adding in de-
masking, which is a closely related process 
all masking/de-masking activity is more 
than half the time the operator spends on a 
board (53%).  

Additionally, all activities except packaging 
display a relatively large variability. This 
variation seems to have several reasons 
that could be observed though data 
collection; difference due to operator 
experience and /or knowledge, difference 
between product types and difference due 
to quality issues (mainly in the inspection 
and correction phase). 

In most cases the setup time is almost 
insignificant, only specified as 6 minutes in 
every process step (coating is done five 
times meaning the 30 minute setup time is 
actually five 6 minute setups). This means 
that trying to minimize number of setups 
will not have much effect on the process 
lead time.  

With the processing and setup times from 
this sample the theoretical production 
capacity is 2.5-3 batches or shop orders per 
week. Compared to planned production 
(Figure 17) this capacity almost matches 
the average demand, with a utilization of 
106% to meet it (calculated according to 
formula 2). In line with research specified 
in chapter 3.2.1 the high utilization makes 
it difficult to handle demand variability as 
it causes queuing. It also does not give any 
leverage to increasing the production 
without adding more resources 

5.3.2 Value and waste 
From the definition of waste described by 
Liker (2003) it can be concluded that value 
added in the conformal coating happens 
during the application of coating. Curing 
can also be considered value adding as the 
coating will not have its optimum 
properties without this step but the 
classification is more ambiguous for this 
step. This ambiguity stems from two 
reasons, firstly the curing is idle time which 
could be considered a waste and secondly 
because the curing is so much longer that 
what material specifications say is 
necessary. Two clear up this ambiguity 
there should be a distinction where curing 
is considered value adding but only within 
certain boundaries. Any time exceeding the 
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time specified by the material supplier is a 
waste as it is overprocessing.   

The other processing activities in the value 
flow are wasteful activities. This does not 
mean that they are not needed during in the 
current conditions; they create no value but 
are “unavoidable”. Using Liker’s (2003) 
7+1 wastes we can see that the most 
prevalent wastes are overprocessing, doing 
more work than should be necessarily, and 
defects, which is wastes due to rework, 
repair etc. The former can be seen mainly 
in masking and de-masking, the latter in 
the inspection & correction phase but also 
sometimes as additional steps during 
coating. Any waiting that occurs before the 
first processing step can be considered 
waste through excess inventory, caused by 
unevenness of demand and restriction of 
capacity. With this definition of what is 
value creating time it is clear that only a 
very small part of the lead time creates 
value, around 7% (see Figure 19 - 
Breakdown of value classification during 
lead time).  

5.3.3 Cost of activities 
The cost of processing PCB assemblies in 
conformal coating is quite small compared 
to the material value of a boards, and 
therefore it is also sometimes deemed 

insignificant, it can however give some 
insight into what areas might be most in 
need of optimization. Therefore the average 
cost of different activities where calculated 
using the data and calculation standards 
utilized by the company. Figure 20 - Cost of 
activities for average batch show what an 
average batch will cost during each activity 
(material costs not included). The cost will 
of course vary depending on the hours 
spent on performing activities, and when it 
comes to idle time the cost is also affected 
by the value of the product.  

It is apparent that masking and de-masking 
is by far the most cost-inducing activity. 
This of course underlines the need to make 
changes within masking as it is the most 
expensive as well as the least value adding 
activity. It is also apparent that the long 
waiting times do not add a lot of cost on a 
single batch. However, waiting and 
queuing usually come with a lot of “hidden” 
costs that are hard to quantify in this 
manner. This could for example be the cost 
of missed delivery time, the cost of excess 
inventory, the cost of reduced quality 
etcetera. Therefore these areas should not 
be neglected because they are considered 
“cheap”.  
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Figure 19 - Breakdown of value 
classification during lead time 
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5.4  ADDITIONAL OBSERVATIONS 

This section concerns some of the issues 
mainly brought up through observations 
and /or the Ishikawa diagram exercise 
conducted with the operator. These issues 
do not directly concern the lead time of the 
process but could help explain underlying 
problems that indirectly affect outcome. 

5.4.1 Quality management 
How quality should be managed in a 
process that produce products for 
aerospace applications is specified in 
Swedish standard SS-EN9100 Quality 
management for aerospace. This standard 
states that the organisation must 
demonstrate product conformity so that 
non-conforming products are prevented 
from being accidentally used or delivered to 
the end costumer. The results of processes 
must therefore be verified by inspection or 
testing. When these methods cannot fully 
verify the conformance and deficiencies 
could become apparent only when product 
is in use the process should be carried out 
by qualified personnel and be continuously 
monitored and controlled.  

The final quality of the conformal coating 
rules under the industry standard IPC-A-
610 – acceptability of electronic assemblies. 
This standard states that the protective 
coating must fulfil certain criteria 
regarding coverage and thickness, the 
standard also states how the quality is to be 
ensured. Coverage can be inspected 
visually under UV light without aids. 
Thickness should be measured cured on the 
PCB or on a test sheet. Alternatively the 
coating could be measured in wet state if 
the ratio between wet and dry coating is 
known (IPC-A-160D SW, 2005). 

In the current process visual inspection is 
conducted but the thickness is not 
measured. Instead the settings of the 
coating robot have been calibrated to 
ensure sufficient thickness. However, small 
changes in the settings of the robot are 
done based on operators experience, 
without testing, which could affect the 
repeatability of the process. There is no 
standardized procedure to continuously 
verify the process. The amount of 

rework/correction done is not measured as 
it is considered a part of the main process, 
at least when only smaller corrections are 
made. 

5.4.2 Work instructions and PBA design 
There is sometimes a lack of information on 
what should and should not be coated in a 
certain product, causing delays as the 
problem is being solved. It is also generally 
up to the operators experience when 
choosing what type of masking is suitable 
in certain places depending on the product 
design as well as its coating program. The 
masking materials have different strengths 
and weaknesses that can be utilized in 
different situations and making them more 
or less suitable for different parts.  

This freedom of work can be a stimulating 
factor as the operator has space for 
decision-making and learning but it can 
cause issues with quality and repeatability 
of the process. Especially since the learning 
has to be repeated every time for some 
products.  The operator regularly addresses 
management about issues such as these 
that concern the process and the products 
but often feel that nothing happens to 
improve those issues. There seem to 
especially be a lack of communication 
between construction and production as 
many products are poorly adapted to the 
process and therefore induce much non-
conformity. 

5.4.3 Work environment 
Since the operator works with all process 
steps the work posture naturally become 
varied. Masking, de-masking and 
correction is often done sitting and has a 
fairly high demand on precision. The 
operator seems to hold a straight posture 
despite the precision demand and do not 
bend over the work to see properly. The 
work surface is equipped with lighting and 
visual aids to enable the work. Inspection is 
done under UV-light but according to the 
operator the contrast provided under the 
UV-light is not always sufficient to find all 
non-conformities.  

Work in the process step coating is 
generally done standing up but it requires 
the operator to lean in towards the coating 
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robot when setting up the board for coating. 
Because of the variation of work 
assignments and work postures the 
operator state that there have been no 
musculoskeletal issues or pain due to the 
work.  

The operator is exposed to hazardous 
substances during, primarily, the coating 
step. The coating and drying steps are 
designed to keep the coating material and 
operator separated from each other. There 
is however some manual handling required 
that can only be done by removing barriers. 
For example the board placement in the 
coating robot is manually adjusted during 
coating. Causing the operator to open the 
doors to the robot while it is running. The 
boards are also manually handled when 
moved from the coating robot to fume 
hoods where they are placed to dry. 

5.5 COMPARISION WITH INDUSTRY 
PEERS 

This section contains comparisons between 
Saab EDS Järfälla and other companies 
that perform conformal coating. Mainly 
focusing on exemplifying how different 
issues have been solved by different 
producers. All information in this section is 
founded on observation or, when specific 
data is concerned, through personal 
communication with representatives of the 
company.  

5.5.1 Saab IPS Avionics 
At Saab IPS Avionics in Jönköping PBA: s 
for various avionics systems are being 
produced, mainly for civilian aircrafts. 
Since the end products are somewhat 
similar to those made in Saab EDS the 
boards have the same requirements on the 
conformal coating. The boards are coated 
using the same coating material and with 
similar methods compared to Saab EDS, 
the process is also principally similar as can 
be seen in Figure 21. Since the 
requirements put on the boards, the choice 
of material and the dispensing method are 
virtually the same it would seem logical that 
lead time and surrounding operations such 
as masking would be very similar. This is 
however not the case.  

At Avionics the lead time of the coating 
process is estimated to around 4 days, 
including cleaning of the board. 
Significantly less than the lead time of the 
studied process that usually is at least twice 
as long, not including the cleaning process. 
The contributing factors to this short lead 
time seem to be a significantly shorter 
curing time and the fact that only one coat 
is done on each side of the board. 

The reason stated by EDS Järfälla for their 
choices in curing time and coating 
technique is twofold. They found that 
shorter curing times than the ones utilized 
today produced quality issues, primarily 
with bubbles forming in the coat as it cure. 
Fewer coats on each side of the board could 
also not produce the specified thickness to 
fulfil quality standards over the entire 
board. At SAAB Avionics where shorter 
lead times and fewer coats is utilized there 
is not an issue with these two points. They 
claim to have no issues with bubbles or 
voids and the required coating thickness 
are fulfilled with one coat. The thickness is 
ensured by measuring the coating on a test 
sheet for every new batch of coating, this 
testing method is however not entirely 
reliable and the result on the board is often 
slightly different. This could still indicate 
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Drying (24 h) Masking

Coating
Control and 
correction

Drying De-masking
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Figure 21 - Conformal coating process 
at Saab IPS Avionics 
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that the problems that have caused the long 
lead times in EDS Järfälla are symptoms of 
other issues. In order to pinpoint what 
could cause the problems that lengthen 
lead times in Järfälla the differences of the 
two processes has been investigated. The 
main areas that seem to differ is the 
cleaning procedure and general cleanliness 
through less handling, the more modern 
coating equipment and the controlled 
climate (Table 3). 

5.5.2 RUAG space 
RUAG Space is a manufacturer of 
structures and systems for space 
applications, their site in Gothenburg 
specializes in electronics and PCB 
production for these applications. Separate 
from this main area of production they are 
also the supplier of PCB assemblies to Saab 
EDS in Gothenburg, a division of the same 
business unit as Saab EDS in Järfälla. 
These boards share characteristics of those 
manufactured in Järfälla with the same 
requirements and materials, using similar 
techniques. Their overall process is 
described in Figure 22. RUAG Space only 
recently started performing this process 
and is therefore in the initial stages of 
implementing the selective coating robot, 
the information provided is therefore not 
entirely verified. 

The lead time of the process at RUAG Space 
can be estimated to similar length as the 
“ideal” lead time in Järfälla (without 
delays). This is mainly because the boards 
are kept in the coating process during the 
post-curing phase, something that is not 
done in either of the other processes that 
have been observed. The specified curing 
times are however to the standard set by 
the coating supplier, unlike what is utilized 
in Järfälla. This underlines the argument 
that sufficient quality can be achieved with 
these curing times and that some other 
factor has affected the quality in Järfälla 
causing the lengthening in curing times. 
The main differences that could help 
explain this is summarized in Table 3. 

Like with Järfälla, RUAG Space utilizes 
several coats to fulfil thickness. This is 
however done wet-on-wet, meaning that 

the first coat is not left to dry before the 
second is applied. This of course reduces 
the total drying/curing time but it is not 
entirely clear whether the thickness is 
fulfilled over the entire board. 

When setting up the coating facility RUAG 
Space experienced some quality issues with 
bubbles/voids, similar to those exper-
ienced in Järfälla. Some of the ways they 
sought to mend these issues could prove 
interesting. Firstly, they started pre-filling 
certain components such as BGA- or flat-
pack components. There is a tendency that 
these types of components trap air or 
solvent underneath them, this air will then 
evaporate out during curing and cause 
bubbles in the coating. The pre-filling 
means that a less viscous coating is applied 
around the components in question so that 
the underside of the component is filled 
and the air is pushed out, before the main 
coating layer is applied.  

Secondly, they noticed that the washing 
program was not sufficient to remove 
contaminants underneath some comp-
onents that are soldered close to the board 
surface. By changing the parameters of the 
washing machine this could be improved to 
a certain degree. 

Washing Baking

Masking, pre-
filling

Coating

Drying Curing

De-masking
Control and 
correction

Figure 22 - Conformal coating process 
at RUAG Space 
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Table 3 - Comparison between conformal coating processes 

Factors Saab EDS Saab IPS Avionics RUAG Space 

Production 

volume 
~1000 boards/year ~600-700 boards/year ~100 boards/week 

Product 

variation 
Very high Moderately high Very high 

Process 

lead time  
~7-8 days ~3-4 days ~8 days 

Material 
1B73 EPA 

21-23 s 

1B73 EPA 

19-19,5 s 

1B73 EPA 

15 s 

Cleaning 

Boards cleaned in 

contamination test. 

(0,7 µm/cm3) 

Boards cleaned in 

washing machine and 

in contamination test 

(0, 4 µm/cm3). 

Boards cleaned in 

washing machine and 

by hand in isopropanol. 

No contamination test 

Masking 

Extensive, 

 using dots, tape, 

masking fluid and gel 

coating. 

Minimal,  

using dots and gel 

coating. 

Average,  

using mainly dots and 

gel coating. A few 

boards utilize masking 

fluid or tape. 

Coating 

Low precision on robot, 

manual correction 

required. 

High precision on 

robot, self-positioning. 

High precision on 

robot, self-positioning. 

Coat several times per 

board side. 

Coat only one time per 

side. 

Coat two times per 

board side, wet on wet. 

Visual inspection to 

confirm thickness. 

Thickness measured on 

test sheet. 

Thickness measured on 

test sheet. 

 
Viscosity of coating 

slightly lower. 

Viscosity of coating 

much lower. 

Curing 

4 h between coats  

3 days, RT 

12 h, 80◦C 

24 h, RT 

3 h between coats 

24 h, RT 

2 h, 76±5◦C 

4 h between sides 

12 h, RT 

2 h, 80◦C 

7 days 

Handling 

Handled with bare 

hands. Handled with 

gloves when coating is 

wet 

Handled with gloves. 

Not handled when 

coating is wet 

Handled with gloves. 

Climate Not controlled 
Controlled to 20-24◦C 

and 30-60% RH. 

Controlled to 22±3◦C 

and 45-60% RH 
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6  Analysis of current state 
This section describes what results the analysis of the current state brought about. The 
information that was found during the mapping of the current state was critically analysed to 
identify what issues where present in connection to lead time and efficiency. The analysis also 
encompassed an attempt to find out when, where and why these issues occurred. This analysis 
resulted in a few main issues that could then be the object of the concept development stage 
where ideas to solve them are gathered. The chapter concludes by connecting the current state 
analysis with the concept development by providing a baseline for improvements. The main 
issues identified in the analysis of the current process can be translated into a set of 
requirements. These requirements should be seen as points to address during concept 
development for a future state process and also a help to evaluate different concepts.

6.1 MAIN ISSUES IN CURRENT 
STATE 

Through analysis of the current state a 
number of issues were identified. These can 
be summarised under four different areas 
concerning the execution time of process 
steps, demand and utilization, quality and 
finally operator variability and 
manufacturability. These areas are not 
necessarily mutually exclusive and affects 
each other, improving these issues could 
potentially help shorten the lead time and 
generally better the output of the process.  

6.1.1 Processing and curing 
When it comes to processing time there are 
three areas that pose problems in the 
current state. First the largest part of the 
lead time, curing, is very long. Secondly, 
masking/de-masking is very labour 
intensive while not adding value to the 
product. Thirdly the processing times are 
highly variable causing disruption in the 
flow of the process.  

As have already been concluded in the 

current state curing times are seemingly 
longer than what should be necessary. This 
adds a lot of wasted time to the lead time of 
all products. The long curing times are 
caused by quality issues in the current 
process where it has previously proven 
difficult to achieve proper quality with only 
supplier-specified curing times. Through 
benchmarking it is obvious that it is 
possible to achieve proper quality with 
shorter curing times. The quality issues 
seem to instead stem from other process 
variables such as environment and 
equipment (Figure 23).  Another cause for 
longer curing times is the repeated coating 
that also add on additional wasted time. 
This procedure that has also been put in 
place because of quality issues where 
proper thickness could not be achieved 
otherwise. The cause of these quality issues 
probably lie within the equipment but 
could possibly be affected by other 
variables such as material properties and 
properties of the environment. 

Masking and de-masking together take up 
half of the operator’s time while not really 

Materials

•Coating 
material

•Masking 
material

Operator

•Internal 
planning

•Operator skill

Design

•PBA

•Components

Methods and 
Equipment

•Masking

•Coat 
application

•Curing

•Inspection

•Equipment 
status

Environment

•Humidity and 
temperature

•Cleanliness

•ESD 
compliance

Figure 23 - Possible variables affecting outcome in conformal coating 
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contributing any value to the product. The 
fact that it is so labour intensive affects the 
utilization of the process. Reducing 
masking time will not have a direct effect on 
lead time but will help reduce it indirectly 
through the effect on demand. Processing 
time for masking can be derived to product 
design as well as the equipment, 
specifically precision of the coating robot. It 
is also affected by the choice of masking 
material, both in terms of time and quality 
of output.  

The processing times are highly variable, 
mainly in masking but also in the other 
process steps. This variability of processing 
time is caused by differences in product 
design and complexity but can be 
aggregated through quality issues or 
“unforeseen events”. There is also no 
levelling the product mix which makes the 
effects of this even more pronounced.  

Through the current state analysis and 
theoretical review five groups of process 
variables have been identified. These 
variables affect the outcome of the 
conformal coating process and therefore it 
is by making changes to these variables that 
improvements can be made to most of the 
issues that occur internally in the process. 
The five groups of variables are illustrated 
in Figure 23. 

6.1.2 Demand, utilization and waiting 
High utilization and variability of demand 
are two things that according to XX do not 
go very well together. This can also clearly 
be seen from the current state of this 
process as delays happen as the demand is 
peaking. Delays sometimes reach several 
days or even weeks as the products are 
queuing. The effect is probably most 
noticeable on low-priority orders but in the 
end all products will be affected by it. On 
the other end of the spectrum variability of 
demand can also cause idleness where the 
operators have nothing to do during 
periods of time when demand is low. This 
phenomenon is clearly reminiscent of what 
Liker (2003) describes as waste through 
unevenness and, when demand is high, 
overburdening of resources. The cause of 
these issues are first and foremost the 
irregular demand that are not subjected to 

any kind of levelling and is pushed from 
previous processing steps without any 
consideration of the availability of capacity 
in conformal coating, but also because of 
the high utilization which could be levitated 
through additional resources or reduction 
of time required to process each batch or 
board.  

6.1.3 Indirect lead time drivers 
In addition to the two areas that have been 
described there are a few additional issues 
that help, more or less, to increase lead 
time; quality issues, operator variability 
and manufacturability. 

Rework, which is commonly seen as waste 
in almost any process, has become a 
natural part of manufacturing. Smaller 
correction work is done on almost every 
item.  There is also a lack of process control 
which makes it difficult to pinpoint the 
extent of quality issues and the reasons 
behind them. The rework and/or 
correction actions usually do not lengthen 
the lead time a lot but to achieve good 
quality the cure and coating times are 
extended as have previously been discussed. 

Processing time, waiting time and quality 
varies between operators, possibly due to 
unclear instructions and a certain level of 
experience required. Occasionally there is a 
lack of product-specific instructions in the 
masking step, making the process rely on 
learning and problem solving. This can 
cause delays and makes the process very 
dependent on operator experience; it might 
also require additional resources to solve 
the problem.  

Finally, product design is not always 
compatible with the coating process, this 
causes delays as the proper quality 
becomes hard to achieve. Poor design also 
makes the masking step more extensive 
than it should reasonably be. 

6.2 REQUIREMENTS FOR FUTURE 
SOLUTIONS 

The requirements have been divided into 
internal process requirements, external 
process requirements and work environ-
ment requirements. The internal process 
requirements address the design of the 
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process itself while external process 
requirements address changes that need to 
be made with a broader scope than the 
coating process. Thus these requirements 
will probably affect more areas than the 
coating process itself. The work environ-
ment requirements are set in place to 
ensure that the future state concept also 
take these areas into account. 

Internal process requirements 

i. The process utilization should allow for 
slack to handle variability without 
extended delays.  

ii. Reduced time spent on masking 

iii. Coating thickness achieved through one 
coat 

iv. Curing time does not exceed material 
specifications 

v. Reduced need for rework and correction 

vi. Quality and process monitored so that 
root causes of quality issues can be 
found and solved 

vii. Process monitored by control policy 
that reduce queuing time and is 
suitable for HMLV production 

External process requirements 

viii. Demand variability levelled through-
out the overarching assembly process 

ix. Process should be governed by stand-
ardized instructions that are actively 
updated and developed.  

x. Product specific instructions should be 
unambiguous in specifying masking 
requirements and/or other product 
specific variables 

xi. Design of products suitable to per-
forming conformal coating (Design to 
reduce masking requirements and 
improve manufacturability) 

Work environment requirements 

xii. Workstations should allow for variable 
and healthy work postures with proper 
lighting and tools 

xiii. Chemicals should be partial or fully 
enclosed and not requiring handling 
while coating is wet. 

xiv. Standardised process to handle 
improvement suggestions in different 
aspects of the process. 
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7 Ideation, evaluation and design 
This chapter covers the three main development phases that where conducted in this project. 
It focuses on briefly describing how the concept development was conducted through from 
prioritizing between what issues to address to generating ideas for solutions, evaluate and 
choose between these ideas and finally developing the details of each solution. As such the 
chapter serves as the basis to understand the argumentation behind the final concepts that are 
described in the following chapter. 

7.1 CONCEPT DEVLOPMENT 

In the analysis of the current state five 
groups of issues where identified; long 
processing time in curing, but also in 
masking, wait time caused by high 
utilization combined with irregular 
demand, issues with quality of output, 
operator variability and manufacturability. 
The two foremost of these issues have the 
largest potential to reduce lead time as they 
are the biggest parts of it. These issues 
where therefore reformulated to three 
solution spaces; 

1. Reduce wait time 
2. Increase capacity in masking and de-

masking  
3. Reduce cure time 

These three solution spaces were treated as 
three different pieces of the puzzle during 
concept development and therefore had 
slightly different development processes. 
For ease of understanding the following 
chapters are structured by solution space, 
not by chronological order.  

7.1.1 Reduce wait time 
The solution space reducing wait time 
focuses on addressing the issues with 
variable demand that cause queuing. It also 
addresses internal planning to help reduce 
operator variability. The development of 
the solution mainly addresses process 
requirement vii and viii. 

It was clear from the current state analysis 
that allowing the highly variable demand to 
be pushed into the system was what caused 
periodically long waiting times before 
conformal coating is initiated. From the 
theoretical overview it could also be 
concluded that the best medicine to solve 
issues like this is a pull based control 

system that keep work-in-process low and 
throughput high but it is also essential that 
this policy is well suited to the HMLV-
characteristics that the process have. In the 
ideation phase the theories was reviewed in 
order to find what different options for pull 
control systems that have been developed 
in the past. Four different policies were 
identified as a potential starting point for 
the final solution; Kanban, Drum-Buffer-
Rope (DBR), CONWIP and POLCA, further 
described by for example Stevenson, 
Hendry, & Kingsman (2005). 

To evaluate the suitability of the different 
control policies they were reviewed in 
regards to the characteristics of the process 
as well as the capabilities that were needed. 
First the control policy needs to 
accommodate the HMLV-features that 
exist in conformal coating today. This 
includes the large product variety, the 
highly variable processing times and the 
irregular demand. The policy does not have 
to accommodate other HMLV-
characteristic that is not present in the 
process, such as complex material flow 
network and frequent changes in product 
design during production. Furthermore the 
process should be fairly simple so that it is 
easy to understand and implement. It 
should be an aid to plan and execute the 
process efficiently, not cause difficulty for 
the operators. In Figure 24 the result of the 
suitability evaluation can be seen. Each 
control policy has been scored “suitable”, 
“not suitable” or “either way” for each of the 
aspects it needs to be able to handle. As can 
be seen the control policy CONWIP was 
deemed most suitable for this context and 
was therefore chosen to be the base of the 
final solution.  
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In the final phase the chosen solution, a 
CONWIP control policy, was further 
developed to suit the conformal coating 
process. Mainly focusing on how planning 
needs to be done and how the policy can be 
physically executed in the process. Detail 
design also consisted of setting up the 
initial state parameters that can later be 
used as a baseline during the imple-
mentation process. There was also some 
thought put into how this policy could be 
designed so it can fairly easily be expanded 
to cover the entire PCB assembly process. 
This will probably be necessary for it to 
work properly but is not covered in this 
project. 

7.1.2 Increase capacity 
The solution space increasing capacity in 
masking and de-masking addresses the 
issue with high utilization. It also seeks to 
reduce the time and cost that masking 
produces by increasing manufacturability. 

To generate ideas for how masking and de-
masking can be done faster and with less 
operator resources a workshop (Appendix 
III) with representatives from several 
departments was performed. The work-
shop resulted in many diverging ideas and 
after grouping and cultivation of these 
scattered ideas two main themes or groups 
of ideas was identified. 

The first theme concerned optimizing the 
masking procedure, either through 
changing the masking material so that it 

will be easier to manually perform or 
through automatization (Table 4). These 
ideas included using pre-cut tapes, 
masking with a re-usable stencil or boots, 
buy the PCB with masking already on them 
and choose materials with better character-
istics than the ones used today. 
Automatization could be done through in-
line or separate automated masking 
dispenser. An upgrade of the blueprints for 
masking was also suggested.  

The second theme concerned changes that 
will reduce the need of masking, either 
through changes in construction or 
improved coating application (Table 5). 
These ideas consisted of developing design-
for-conformal-coating guidelines, improve 
awareness and communication between 
departments, test-coating on prototypes 
and also upgrading precision capability in 
coating or updating to a coating robot that 
can mask as well as coat the boards.  

The suggestions that were identified during 
the ideation phase were each reviewed with 
regards to the benefits and challenges that 
they posed. To select between the different 
concepts they were evaluated pairwise to 
determine what concepts had the greatest 
potential. For the final concept to have a 
holistic effect on the masking process it was 
deemed necessary that it included concepts 
to optimize masking as well as reducing 
need for masking. The highest scoring 
concept Coating and masking robot does 
both of these, which speaks in its favour. 

 

Figure 24 - Evaluating suitability of proposed control policies 
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Table 4 - Suggestions to optimize masking application 

 Description Benefits Challenges 

Re-usable 

frame 

Metal or plastic frame that 

can be attached to the 

PCB assembly before 

coating 

Very fast masking, low 

precision work, no 

operator variation. 

Requires an initial investment 

to design, requires storage. 

Could prove difficult to 

design. 

Pre-cut tape Pre-cut tape according to 

board design 

Faster masking Could be difficult to attach 

with precision. Requires 

storage. Not good for 

masking high components. 

Re-usable 

boots 

Plastic or rubber boots that 

are placed over 

components 

Faster masking on high 

components 

Requires an initial investment 

to develop or purchase. 

Requires storage. 

Pre-masked 

PCB:s 

Have the supplier mask the 

PCB before delivery 

No manual masking on 

pathways etc. 

Does not improve masking of 

components. Could prove 

incompatible with assembly 

steps. 

Improved 

material  

Purchase masking 

materials that have better 

characteristics 

Reduce correction 

need during de-

masking. Easier to 

perform masking. 

Availability of masking 

materials is restricted. Small 

effect on cycle time 

Masking 

dispenser 

Automatic masking using a 

separate masking 

dispenser robot 

No operator variability, 

fast masking 

Cannot mask all types of 

components. Requires a 

fairly large investment 

Updated 

blueprints 

Update masking blueprints 

so they are cohesive and 

unambiguous 

Reduces operator 

variability and problem 

solving 

Requires extensive work to 

update all blueprints. 

Probably small effect on 

cycle time 
 

Table 5 - Suggestions to reduce masking need 

 Description Benefits Challenges 

Design 

guidelines 

Develop guidelines that 

can be used to reach 

sufficient 

manufacturability 

Removes the most 

difficult or time 

consuming masking 

needs 

Does not affect old boards. 

The effect will not be 

noticeable in a long time 

Share 

knowledge 

Develop a structure of 

communication to share 

knowledge 

Increased awareness of 

the manufacturability 

requirements  

Does not affect old boards. 

The effect will not be 

noticeable in a long time 

Evaluate 

prototypes  

Conformal coat 

prototypes to check what 

potential design issues 

could be 

Remove difficult or time 

consuming masking 

needs 

Does not affect old boards. 

The effect will not be 

noticeable in a long time 

Increase 

precision  

Improved precision in the 

coating robot.  Through 

upgrades or new 

equipment 

Removes some need for 

masking especially with 

tall components 

Flat masking might still 

need to be done 

manually. Requires a large 

investment 

Coating and 

masking 

robot 

New coating equipment 

with in-line masking 

capability and improved 

precision 

Removes need for 

masking on tall 

components, No 

operator variability, fast 

masking 

Flat masking might still 

need to be done 

manually. Requires a large 

investment 
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Only using this concept was however not 
seen as enough, it needed to be 
complemented with a solution that 
optimize flat masking and also one that will 
help design with manufacturability in mind 
to reduce future problems. For the 
foremost a re-usable frame received the 
highest score and for the latter all three of 
construction related concepts received the 
same score and where therefore bundled 
together to one solution as they comple-
mented each other well.  

The detail design was focused on 
developing the concepts further and find 
how they can be practically implemented. 
Specifically by finding parameters and 
characteristics that will be important for 
the success of a new coating equipment and 
the re-usable masking frames. For the 
construction related concepts a process was 
developed with the goal of making these 
solutions concrete and connected.  

 

 

 

 

 

7.1.3 Reduce cure time 
The final solution space, reducing cure 
time, addresses the long and wasteful 
processing times found in curing. It will 
also help increase quality. 

The ideation phase to reduce curing worked 
more like a deeper analysis than idea 
generation. The purpose was to find target 
values and improvement suggestions 
within the identified variables so that cure 
time could be reduced. This was based on 
the theoretical research as well as the 
benchmarking comparison. Simple ideas 
on how the parameters could be managed 
was developed from the information that 
could be obtained about each area. Since 
reduction of cure time would require 
further investigation and testing that was 
not within the scope of this project the 
development process for these ideas was 
not brought further and is therefore a 
subject for future research. 

 

 

 

Table 6 - Paired evaluation matrix for concepts to increase capacity in masking 

 A B C D E F G H I J K L M  

A. Current state  0 1 1 0 1 0 0 0 0 0 0 0 0,13 

B. Re-usable frame 2  2 2 1 2 1 2 0 0 0 1 2 0,63 

C. Pre-cut tape 1 0  1 0 1 0 1 0 0 0 0 0 0,17 

D. Re-usable boots 1 0 1  1 1 0 1 0 0 0 0 0 0,21 

E. Pre-masked PCB:s 2 1 2 1  2 2 2 0 0 0 1 1 0,58 

F. Improved material 1 0 1 1 0  0 1 0 0 0 0 0 0,17 

G. Masking dispenser 2 1 2 2 0 2  2 0 0 0 0 0 0,46 

H. Update blueprints 2 0 1 1 0 1 0  0 0 0 0 0 0,21 

I. Design guidelines 2 2 2 2 2 2 2 2  1 1 0 0 0,75 

J. Share knowledge 2 2 2 2 2 2 2 2 1  1 0 0 0,75 

K. Evaluate prototypes 2 2 2 2 2 2 2 2 1 1  0 0 0,75 

L. Increased precision 2 1 2 2 1 2 2 2 2 2 2  0 0,83 

M. Coating and masking robot 2 0 2 2 1 2 2 2 2 2 2 2  0,88 
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8  Final concepts 
This chapter describes the final concepts in the three solution spaces that will help reduce lead 
time and increase efficiency in the conformal coating process. Each solution concept is 
described and the arguments for how and why it will make a positive effect on the lead time 
and efficiency are outlined. The chapter concludes with a summary on the improvement that 
all the concepts combined will lead to. 

8.1 PLANNING AND CONTROL 
POLICY 

As have already been established in the 
analysis of the current state a reduction of 
waiting time could help reduce lead time by 
a substantial amount. It was also concluded 
that waiting time is mainly caused by two 
aspects; a periodically high utilization 
through high levels of work in progress and 
the day-to-day planning and operation of 
the process i.e. the ability to not let the 
products wait idly between processing 
steps. 

In order to take control over the wait time 
and make sure it is not longer than 
necessary a new planning and control 
policy need to be established. The benefits 
of such policies have been recognised many 
times; see for example Raghavan, Yoon, & 
Srihari (2014), Pandian, Yang, & Liu (2010), 
Horbal, Kagan, & Koch (2008) and Slomp, 
Bokhorst, & Germs (2009). The planning 
policy must be adapted to the character-
istics of the specific process especially since 
it displays HMLV characteristics.  

The proposed solution focuses on 
introducing a simple policy that can serve 
as the first step to develop an adapted 
policy for the entire production flow. The 
control policy has two main goals; keeping 
work-in-progress on a manageable level 
and introducing a pull-style flow. These two 
aims will help reduce wait times to a 
minimum. As have already been outlined in 
chapter 7 the pull-based control policy that 
was considered most suitable for this 
context was CONWIP.  

CONWIP, Constant Work In Progress, was 
first described by Spearman, Woodruff, & 
Hopp (1990) and is a pull control policy 

that is very simple to implement and 
especially applicable when there are high 
variety in product types. CONWIP controls 
production through constraints of the 
amount of work in progress. Each order 
that is released into the production is 
assigned a so called CONWIP-card that 
follow the product through the entire 
process after which the card is returned to 
the start of the process, a schematic picture 
that illustrates this principle can be seen in 
Figure 25Figure 25 - Schematic of CONWIP 
policy . There is a finite amount of CONWIP 
cards that equals the WIP-level, so if there 
is no card available a new order cannot be 
released into the production. It is instead 
stored in a backlog awaiting release.  

When setting up a CONWIP control system 
the controlling parameter is the WIP-level. 
Deciding a suitable WIP-level should be 
done with the iterative approach that is 
described by Hopp & Spearman (1996) as 
illustrated in. This basically means that the 
proper WIP-level should be set through 
incremental lowering from an initially 
calculated WIP-level.  

 

Figure 25 - Schematic of CONWIP 
policy  

(Spearman, Woodruff, & Hopp, 1990) 
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To set the initial WIP-level Little´s law is 
often used with planned lead time and 
output rate (Lödding, 2013);  

𝐿𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 = 𝑊𝐼𝑃 𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 𝑟𝑎𝑡𝑒⁄   

According to Stevenson, Hendry, & 
Kingsman (2005) the CONWIP-cards must 
equal a similar workload to work as 
intended. Since the work content varies 
between board types and also between 
batches none of these will probably provide 
rational measures of the WIP.  Instead the 
hours of planned processing time should be 
used as a WIP measure, an approach that is 
described further by Lödding (2013).  
Using the current state processing times 
and demand the throughput needed is 1,06 
and with a planned lead time of 8 days the 
initial WIP-level calculates to  68 
processing hours (68 processing hours 
would on average be equal to 6 batches). 
The calculation is however done with 
average demand and processing times and 
can therefore be slightly of the mark – 
which is why the proper WIP-level should 
be found by trials, either in the actual 
process or through simulations.  

For the CONWIP policy to work properly 
there must also be an accompanying 
planning that levels the release of orders.  
Without any constraint on how orders are 

released the backlog could become 
uncontrollably large. In the current state it 
was noted that demand was volatile on a 
weekly basis, a more even demand pattern 
can significantly help reduce the periodical 
spikes in queue time and enables the 
smooth operation of the CONWIP control 
policy. The release of orders should 
therefore be constrained by putting a cap 
on the amount of work that can be in the 
backlog. This cap should correspond to the 
capacity and speed of the production line so 
that the CONWIP policy runs smoothly.  
Slomp, Bokhorst, & Germs (2009) suggest 
a backlog with the equivalence of 2.5 days’ 
worth of work which in accordance with the 
previous calculations would be 
approximately 21 processing hours or 
around 2 batches. But this number must of 
course be adjusted together with the WIP-
level as have already been discussed. 

To ensure that the planning policy is 
practically implemented there need to be a 
system on the shop floor. A visual and 
physical system will make it easier for the 
operators to follow the policy and ensure 
that it is upheld.  There is already a control-
board in place in conformal coating process 
where the progress of each order is tracked 
with magnets. Its main use is to provide 
information on how the order is 
progressing and it is not necessarily used as 
a tool to help the operator plan and control 
the process. This board could easily be 
extended to help formalize a way of 
working when it comes to planning and 
control by assigning each order on the 
control-board a number of magnets that 
represent CONWIP cards.  

A very simple suggestion on how this could 
be done is visualized in Figure 27. The 
operator should also be encouraged to 
prioritize the orders that have already 
started processing before adding new 
orders from the backlog. This will help 
determine if the WIP level and release of 
orders are well adjusted. If the amount of 
WIP is to large there will be excess cards all 
the time and if it is too small in comparison 
to release pattern the backlog will always be 
at maximum size. 

Figure 26 - Work flow to find the correct 
WIP level for a process as described by 

Hopp & Spearman (1996) 
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Implementation of the new control policy 
must be done carefully with several 
iterations to adjust it properly. It must also 
be expanded to include the entire PCB 
assembly to make a significant change. This 
expansion might require adjustments in 
how the policy is designed. By proper 
control the level of work-in-progress in 
conformal coating can be held to a 
minimum. This ensures that queue times 
are as low as possible, in the ideal state 
almost completely removed. Without 
queue time the average lead time in 
conformal coating could potentially be 
reduced by up to 13 days or almost 60%. 
Queue time also account for most of the 
lead time variation which means that this 
reduction could mean that lead times are 
much more stable and predictable. 

8.2 IMPROVEMENTS IN MASKING 
AND DE-MASKING TO INCREASE 
CAPACITY 

Due to the high resources demand in 
masking and de-masking these operations 
becomes the bottleneck of the conformal 
coating process. The most sustainable way 
of improving this is to make an effort to 
reduce the need for masking rather than 

trying to work faster. Two ways to do this 
was identified during concept develop-
ment; improving the coating process and 
making design changes. 

The coating process need to be improved 
mainly in regards to the automated 
machinery’s precision. This might be done 
through optimization or upgrade of the 
current equipment but will more probably 
require an investment in entirely new 
equipment as products develop. As was 
previously noted in chapter 2.3 increased 
volume and increased product complexity 
is on the horizon which will make the 
investment more necessary. Investing in 
new equipment will also help add new 
functionality that is not supported by the 
current equipment that also improve 
efficiency in conformal coating. 

With better precision and added capability 
in the automated coating there will hardly 
be any need for masking on electronic 
components and mechanical parts that are 
mounted onto the board (Szuch, 2004; 
Byers & Havlik, 1999; SCH Technologies, 
2009). Instead coating and gel coating can 
be sprayed or dispensed very close to the 
component without risking that coating 
end up where it is not supposed to. If the 

Figure 27 – A simple control board to facilitate implementation of CONWIP policy in the 
conformal coating process 
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option to dispense masking liquid is added, 
things such as solder points or exposed 
contacts and pins can be protected without 
the need of additional manual masking. 
With the current technology it does 
however seem unlikely that masking 
and/or avoiding gilded pathways directly in 
the selective coating robot will be easy to 
accomplish, it will probably still have to be 
manually masked to some extent (SCH 
Technologies, 2009). 

The second route to reduce the need of 
masking is too design the boards with 
awareness of masking. This should be 
accomplished through tighter communic-

ation between production and construction 
departments. To achieve this co-operation 
process should be established.  The 
production department must first 
investigate what issues occur in masking 
due to the design of the boards and develop 
design guidelines that specify how 
construction can optimize manufactur-
ability. These design guidelines can then be 
periodically updated trough meetings with 
production and construction personnel at 
regular intervals. At these meetings both 
parties can bring up issues that have 
occurred and agree on a course of action to 
solve them. The goal of these design 
guidelines should be to minimize manual 
masking and make the remaining masking 
as easy as possible. And eventually the 
other processes in the production, which is 
not covered by this thesis, should also be 
included in the design guidelines.  

This co-operation will however mostly 
affect new developments and cannot help 
reduce masking need in older products 
where instead optimization of the masking 
methods is the only viable route. To address 
the remaining masking needs, manual 
work must be simplified so that it is faster 
to perform. This could be done with 
specialized product-specific masking 
stencils that can be attached to the board. 
These stencils would be made out of plastic 
or metal and attached using the already 
existing through-holes on the boards. This 
will speed up the process of masking as 
time for “problem solving” is reduced, it 
will not be as dependent on operator skill 
and experience. When designing these 
stencils the following considerations need 
to be made; 

 Material must be ESD safe and not 
leave residues. 

 Must conform to the surface of the 
board well enough so that bleeding 
does not occur 

 The edges must be sharp enough to 
not cause coating to lift when de-
masking 

 Easy to clean so coating residue does 
not build up on the stencil 

 Sturdy enough to keep its shape after 
repeated use 

Review meeting 
with contruction 
and production

Problem 
solving process

Adjust 
guidelines

Figure 28 - Development process to 
increase manufacturability in masking 

and de-masking 

Find 
manufactur-
ability issues

Investigate the 
cause of the 

issues in terms of 
design choices

Forumulate 
design 

guidelines
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It is not rational to produce stencils for all 
boards as it will require both labour and 
real estate to produce and store. Buying or 
producing the stencils will be an 
investment and the number of stencils 
could easily grow out of hand if every board 
requires one. Especially since there need to 
a few entities of each stencil type so that 
several items of the same model can be 
produces simultaneously. Additionally 
simpler boards do not take a lot of time to 
mask manually with tape stencils might not 
be a huge benefit for them. Because of these 
reasons only boards with the most 
complicated pathway patterns should be 
masked with stencils. Implementing 
specialized masking should be done by an 
initial pilot project where the design of the 
frame is tested for one board, when 
sufficient masking quality have been 
reached bespoke masking can be expanded 
to include all complex boards. 

With these efforts it can be estimated that 
the average time for manual masking and 
de-masking can be reduced by at least half. 
It will mainly affect the most “difficult” 
boards where the reduction can probably 
be even larger. Because of that tendency the 
variation in processing time between board 
types will also be less prominent. Reduced 
processing time in masking and de-
masking will help increase the capacity of 
the conformal coating process. The possible 
capacity increase could be up to 36% with 
equates to a total of 4 average batches per 
week. This will of course affect utilization as 
well which with the current demand would 
become around 80% which means that the 
ability to handle variation in demand 
without too long queuing is much better. 

8.3 REDUCING CURE TIME 

Like wait time the curing time of a coated 
board is a very large part of lead time. As 
has been established in the current state 
analysis cure time is idle (i.e. do not take up 
operator resources) but adds value to the 
product. It could also be concluded that 
cure time is longer than should be 
necessary. According to the coating data 
sheet cure time should be 24 hours in room 
temperature or 1 hour of oven curing at 
76◦C, with tack-free state reached after 30 

minutes. Optimum properties is reached 
after 7 days, no testing should be conducted 
until then but further assembly can be done 
without jeopardizing the integrity of the 
coating. 

A practical and feasible target should be to 
have at least a curing cycle comparable to 
the one used at Saab Avionics, as it have 
been proven to work. 3 hours of drying time 
between board sides, followed by 24 hours 
in room temperature and two hours in the 
oven at 76◦C. If thickness cannot be 
achieved with one coat it should only be 
necessary to reach tack-free state between 
coats i.e. 30 minutes of drying time. 
Reaching these targets would mean that the 
average cure time will be lowered from just 
over 7 days to around 3-4 days.  This 
reduces the average lead time by 
approximately 20%. 

As was stated in the current state cure time 
has been prolonged to achieve the right 
quality of output, but this quality is affected 
by many variables. These variables need to 
be optimized so that quality can be 
achieved with the shortest cure time 
possible. Four areas have been identified as 
the most critical; coating application 
parameters, cleanliness, curing environ-
ment and product design, they are 
summarized in Table 7 and described more 
thoroughly in the following chapters. It was 
not possible to conduct tests of the effects 
of the variables during the scope of this 
project and the argument that these 
variables are relevant relies on theoretical 
research and comparison with other 
manufacturers. 

8.3.1 Coating application parameters 
The coating application should be 
optimized in terms of thickness and 
viscosity of coating and possibly through 
adjustment of settings. To thick or viscous 
coating can induce bubbles or other quality 
issues as the coating is at risk of drying 
unevenly. According to Hitchens (2013) the 
coating will dry on the surface first, 
entrapping solvent underneath that thus 
cannot evaporate properly. As the thickness 
required is quite high according to IPS-
standard (>30µm) application of several 
layers might still be necessary in the future 
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but the coating should only have to reach 
tack-free state before being re-coated. If 
this is possible cure time between coats 
should be reduced but the step-by-step 
application kept. 

8.3.2 Cleanliness  
Contaminants on the boards could cause 
quality issues that can manifest during 
curing (SCH Technologies). It seems 
unlikely that the cleaning of the boards are 
insufficient as the limit is 5.8 µg/cm3 and 
the average result only 0.7 µg/cm3. The 
boards are however subject to possible 
contamination between being cleaned and 
being cured. That is during storage between 
processing steps and during handling of the 
board. 

To reduce this risk the washing step could 
first of all be the responsibility of the 
coating operator rather than the operator 
from the previous step. Then the boards 
will not need to be stored (and subjected to 
dust and such) for a long time between 
washing and coating application. The 
boards could also be further protected by 
exchanging the current open shelving with 
closed cabinets so that dust and other air 
contaminants do not reach the boards. 

The handling of the board during manual 
masking is another possible source for 
contaminants as it is often done with bare 
hands. With the current method of manual 
masking it is not practical to wear gloves. 

The solutions that have been developed to 
reduce resource need in masking and de-
masking could however help enable that, as 
the use of tape to mask will decrease. This 
will ensure that gloves can be worn with all 
handling of the boards. 

8.3.3 Curing environment 
Temperature and humidity can have an 
effect of coating application as well as 
curing. Heightened temperature can cause 
the coating to “skin-over” faster, which in 
turn traps solvents and therefore causes 
bubbles (SCH Technologies, 2009). 
Temperature can also affect the viscosity of 
the coating reducing the effectiveness of the 
coating and curing (SCH Technologies). It 
is unlikely that temperature varies much 
with normal indoor climate regulation but 
humidity could potentially vary to a greater 
extent.  A good curing climate should 
maintain room temperature and keep 
humidity at least below 55%RH (SCH 
Technologies). For ESD reasons humidity 
must also be kept above 30%RH to not risk 
static electricity that can damage sensitive 
components. When the climate is 
controlled to a reasonable extent the 
process will be more predictable and 
reliable. The goal should be to climate 
control the entire area where conformal 
coating is conducted but a step on the way 
could be to install curing cabinets that are 
climate controlled so at least curing is done 
under more controlled forms. 

Table 7 - Summary of variables in curing 

Variable Issue Goal 

Coating 

application 

parameters 

Thickness and viscosity of 

coating affect curing 

Optimize settings and reduce 

curing time between coats 

Cleanliness Contaminations can cause 

quality issues during curing 

Let coating operator perform 

washing, store in closed cabinet, 

handle with protective gloves 

Curing 

environment 

Temperature and humidity can 

affect curing cycle and coating 

integrity 

Curing cabinets or enclosed space 

for the conformal coating process 

Product and 

component 

design 

Some design choices are harder 

to coat and cure without quality 

issues 

Evaluate what components cause 

problems. Target improvement on 

these 
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8.3.4 Product and component design 
Certain components are more or less prone 
to quality issues such as bubbles and these 
issues are today largely resolved through 
long curing times. To prevent this certain 
components might need to be payed special 
attention. Some examples of other 
solutions to reduce bubbles caused by 
components are to add dwell time to the 
coating so that time is allowed for it to 
penetrate properly under the component. 
Especially difficult components might  even 
need a lower viscosity coating that are used 
to under-fill the component before the 
main coating is applied. Either way a 
structured system need to be established in 
order to identify problematic components 
or design choices.  

Today there are no structured follow up to 
quality issues. This could be done as easily 
as noting down issues and what 
components and designs are involved over 
a period of time and later follow up what 
types are most prone to issues. Directed 
improvement efforts can then be 
performed for these “difficult” designs. By 
working continuously to improve 
production processes and design the 
quality of output can be increased. These 
efforts could of course easily be integrated 
in the communication process that was 
described in chapter XX in the construction 
department need to be involved with 
solving the issues. 

8.4 SECONDARY EFFECTS OF 
PROPOSED CHANGES 

Apart from the lead time reduction and 
increased efficiency the proposed solutions 
will also provide other beneficial effects for 
the production process.  Some of these 
touches on the requirements for future 
solutions that is outlined in chapter Fel! 
Hittar inte referenskälla. and are 
therefore described further here 

Through the increased co-operation 
between the production- and construction 
departments that is specifically targeted to 
resolve manufacturing issues when 
developing products long-term manufact-
urability can be greatly improved. 

The effort to reduce curing time will also 
help reduced need for corrections and 
rework as quality is improved. And the 
more standardized work in regards to 
planning as well as masking will reduce 
operator variability and also make it easier 
to train new operators. To help this further 
along the work process should also be 
documented clearly and consistently 
reviewed. 

Work environment can be improved as a 
side effect to mainly solutions in 
masking/de-masking and curing. The 
changes in curing mean that the coating 
will be separated from the operator to a 
greater extent, especially during curing but 
also through the right choice of coating 
equipment. This will of course help protect 
the operator from solvent fumes. Changes 
in masking will lead to a reduced precision 
demand through the simpler masking 
methods. Reduced precision demand can 
according to Sporrong, Palmerud, 
Kadefors, & Herberts (1998) reduce the 
strain when performing masking. 

With shorter and more predictable lead 
times, as an effect of mainly the new control 
policy, a positive influence on delivery 
precision could be achieved as the risk for 
delays in production will be smaller. The 
control policy will also reduce WIP in the 
process, something that is often cited as 
making the detection of production 
problems more evident. This serves as an 
incentive to solve these issues that might 
exist.  
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9 Discussion 
This chapters finishes of the project by critically examining the project execution and results to 
discuss the validity of the project. The chapters recounts pros and cons with the project 
execution, the validity and relevance of the results and finishes of with a conclusion that 
recounts the objective of the project and how it has been reached. Project execution 

9.1 PROJECT EXECUTION 

This section will discuss the execution of the 
project and the pros and cons of how it was 
executed. Especially touching on areas that 
could have been done differently during the 
course of the project to improve the results. 

One difficulty when conducting this project 
was the communication between student and 
university stakeholders. Since the project was 
conducted in Järfälla it was difficult to 
conduct meaningful supervisory meetings 
and relay information. This was handled by 
regular e-mail conversations that was 
sufficient to conduct the project but would 
probably have been even more useful if face-
to-face meetings would have been possible. 
Especially since the project group consisted of 
only one person and more discussion of 
issues and ideas with the university 
supervisor could have sped up the process 
somewhat. The communication barriers also 
caused difficulties with planning as deadlines 
for presentations and submissions where not 
set on the offset. This was solved by working 
quite flexible with the time schedule with 
continuous revisions to keep on top of the 
project progress.  Communication with the 
company stakeholders was on the other hand 
quite satisfactory. The support and 
participation of company representatives was 
essential to reach the set objectives. 

As have already been mentioned a larger 
project team (i.e. two people instead of one) 
would probably have increased the efficiency 
of the project. There is also a certain risk of 
restraining solutions when only one person is 
responsible as it can be difficult to see all 
points of view with only one head. However, 
the helpful attitude from the company 
probably alleviated this problem a lot as 
representatives always made themselves 
available to discuss ideas and issues. 

The initial objective and aim has not strayed 
during the duration of the project, there was 
however a change of formulation regarding 
the research question as they needed to be 
clarified later on in the project. This change 
did not alter the meaning of the research 
questions, only the formulation. Despite not 
needing to adjust the objectives it was 
apparent after the current state analysis that 
the goal of the project was set quite broadly. 
A narrower scope from the onset the project 
could have helped delimiting the project to a 
more manageable extent. In this case the 
current state analysis provided a plethora of 
issues that could be addressed and more time 
than predicted was needed to prioritize 
between these issues. In the end the areas 
chosen for solution development where 
chosen based on potential for change as well 
as the extent of development work needed. 
This meant that the focus shifted somewhat 
from what was initially thought to be the type 
of solution that the project would end up 
with. For example changing work 
environment was not as present in the 
solution as had initially been assumed and 
the research question concerning this what 
down-prioritized. The requirements also took 
on a different role as the project changed and 
became more of a goal-map than 
requirements. 

This prioritizing of issues also meant that the 
solutions had to be quite separated from each 
other to be manageable, despite the fact that 
the issues where very much interlocked. A 
narrower scope would have meant that the 
development process could have been 
brought further along with practical 
verifications for example. On the other hand 
the chosen approach covered a broader 
spectrum of issues and as such the combined 
solutions have a more holistic effect on the 
process with a large potential for positive 
change. Change both within the main 



 

49 

objective to reduce lead time and also change 
that positively affect work environment, 
manufacturability, quality etc. 

9.2 RESULTS 

To ensure that the results of this project are 
as valid as possible the project has been 
conducted with a high level of participation 
from users and stakeholders, something that 
is recommended for example by Osvalder et 
al (2008). This was the surest way to assure a 
reliable final result as the users have expert 
knowledge about the opportunities and 
challenges within the process. The reliability 
of the results are also assured by the through 
theoretical review that form the basis of all 
argumentation. A lot of time during the 
progress of the project was dedicated to 
finding and reviewing theories, mainly 
focused at the beginning of the project. This 
helped form a sturdy base to help with 
analysis and drawing conclusions from the 
empirical data. There was some difficulty in 
finding scientific articles concerning 
conformal coating specifically, but this 
difficulty was counteracted by collecting more 
sources as well as empirical information 
through benchmarking.  There are however 
two areas that could have been used to further 
increase validity and reliability of the results 
in this project.  

First, variation was a quite prominent 
characteristic of this process but when it 
comes to calculations it is difficult to properly 
account for variation. A decision was made to 
use averages for calculations of result impact 
etc. and mostly take the variation into 
account by analytical evaluation instead of 
with calculated numbers. This of course 
simplifies the solutions but also make them 
easier to understand. As have been discussed 
in the presentation of the final solution there 
are many areas that need to be verified 
further before they are fit for implementation. 
The simplified calculations used in this 
project are therefore fit to suggest an 
approximate direction instead of a definite 
result. 

On a similar note there is not much practical 
verification of the solutions. Mostly because 
of time and resource restrains. This means 
that the results cannot with absolute certainty 

claim to be effective. However, since the 
solutions are thoroughly reviewed using both 
theoretical knowledge and the expert 
knowledge of users and stakeholders it is very 
unlikely that there will be no positive affect at 
all. To verify the solutions it would have been 
advisable to either physically test some ideas, 
this could be done with parts of all solution 
spaces by for example experimenting with the 
effect of curing variables. Computer 
simulations might have been an alternative 
way to test solutions, especially those 
concerning planning and control. This is 
however a very time consuming method and 
was therefore not considered suitable within 
the restraints put on this project.  

Additionally it should me mentioned that the 
result of this project is by no means the only 
viable result. This is simply the result that was 
found using this specific set of methods and 
this specific context. For example the scope 
was fairly narrow as only one operation in a 
larger production process was investigated. 
To gain a noticeable change there is probably 
a need to include the rest of PCB assembly in 
the solutions, especially regarding the control 
policy. If this is done it might however be 
need of a further analysis as another version 
of control policy might be better for the more 
complex production flow. If there had been 
other choices of methods the facts and 
opinions that form the basis of the 
argumentation might have turned out 
differently and therefore affected the results 
accordingly.  

9.3 RELEVANCE 

This project is first and foremost relevant to 
SAAB’s PBA assembly department where the 
study has been conducted. The results from 
the thesis could potentially help reduce 
average lead time in conformal coating with 
up to 80%, and increase capacity by up to 
36%. Additionally the results indicate 
solutions that will help improve 
manufacturability and efficiency in the entire 
production flow if expanded to cover the 
whole department. Despite the fact that this 
improvement is quite small in the context of 
the entire value flow at Saab many small 
things will eventually add up. This goes in line 
with Saab strategic goal to reduce lead time 
throughout their value flow, from order to 
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development, to production and delivery.  

Some parts of this thesis is also highly 
relevant to other practitioners of conformal 
coating. Especially the results regarding 
masking/de-masking and curing are rather 
generic in this sense. They could help indicate 
what process variables are important to 
improve efficiency for any conformal coating 
process. There is not much literature 
available within the area of process efficiency 
and optimization for the rather special 
process that conformal coating is. Research 
literature instead mainly focuses on coating 
materials and/or coating application 
technique. This is of course very relevant 
topics for performing conformal coating but 
fails to acknowledge many other process 
variables that affect both the quality of 
outcome and the efficiency of production. The 
results of this thesis can be a step towards 
filling those gaps.  

On an even broader level this thesis can prove 
relevant as a testimony to the development 
process utilized. This process can of course be 
applied to any similar development project 
where a quite delimited process is analysed 
using an approach more normally used for 
larger value flows. For this project it proved 
quite useful as it provided a more holistic 
outlook on the process in its context than 
might otherwise have been. 

9.4 CONCLUSION 

To conclude this project the results will be put 
in relation to the research questions that was 
formulated at the beginning of the thesis. The 
answers of these research questions provide 
the backbone to fulfil the objectives and aims 
of the thesis and are therefore briefly 
summarized here to indicate that they have 
been met. 

RQ I. How can a PCB conformal coating 
process with HMLV characteristics be 
optimized from the viewpoint of lead 
time? 

The results of this project indicate that the 
most potent way to reduce lead time in this 
process will be a proper control policy, a 
conclusion also put forward by several 
researchers such as Johnson (2003) and 
Tersine & Hummingbird (1995). This control 

policy need to be able to handle the demand 
volatility that today causes excessively long 
queuing times. Lead time can also be reduced 
by addressing certain conformal coating 
process variables, in the studied process the 
biggest improvement possibilities laid within 
curing and masking/de-masking. In other 
conformal coating processes other variables 
might be more prominent but it seems likely 
that this is the case for many similar 
processes.  

RQ II. How can principles of lead time 
optimization be applied to a HMLV 
production segment? 

From theoretical research it was concluded 
that HMLV displays some major differences 
and highly increased turbulence compared to 
traditional mass flow production (Jina, 
Bhattacharya, & Walton, 1997) (Irani, 2011).  
This makes many of the normal approaches 
to lead time reduction, such as lean tools, 
unsuitable. Planning and control policies will 
still be the general key to reduce lead time but 
it must be well adapted to the characteristics 
of each HMLV segment (Jina, Bhattacharya, 
& Walton, 1997). Whether it be complex 
material flows, variable demand, large and 
variable product mix, frequent changes in 
design or variable execution times that are 
the main player in the process the choice of 
control policy will have to be different. The 
suggested approaches are many and careful 
consideration have to be made to the 
production segment that are to be improved. 

RQ III. What variables affect lead time and 
outcome in a PCB conformal coating 
process? 

Through the theoretical research and study of 
several different conformal coating facilities 
five groups of important variables could be 
identified. These variable affect quality of 
outcome, resource need and lead time in the 
process and are therefore very important to 
optimize the process. The five groups consist 
of; materials, operators, design, methods & 
equipment and environment. 

RQ IV.  How can an optimized PCB 
conformal coating process be designed 
to ensure a good working environment? 

The fourth research question was not as 
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thoroughly covered as the other two since the 
focus areas had to be prioritized somewhat in 
the later parts of the project. Instead the 
chosen solutions was analysed regarding 
their effect on work environment to ensure it 
was at least as good as previously. Some 
improvements that would ensure an equal or 
better working environment would be to 
reduce the operator exposure to chemicals, 
which can be done by isolating the boards 
during coating and curing to a larger extent, 
preferably the operator should not need to 
regularly have physical contact with the 
coated boards. This can be done by improve-

ments in the coating robot and more closed of 
curing cabinets with sufficient ventilation. 
Work environment can also be improved by 
reducing the amount of manual precision 
work that is today utilized in masking. “Easier” 
masking tasks will reduce the strain on the 
operator that in the long run can cause 
musculoskeletal problems. Increased 
influence in process and product improve-
ment would also improve the work 
satisfaction of the operators as they could be 
a part of improving the problems they 
encounter daily. 
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10 Recommendations 
In this chapter the final recommendations of change made to improve conformal coating at 
Saab Järfälla is outlined. This serves to summarise the results of the thesis project and also 
indicates what future work might be needed before the solutions are fit for implementation.  

10.1 RECOMMENDATION TO SAAB 

Saab EDS Järfälla is recommended to 
implement the following solutions in their 
conformal coating process; 

 Implement a CONWIP policy to plan 
and control the process with high 
reliability 

 Upgrade or invest in new coating 
equipment so manual masking can be 
minimized 

 Develop masking frames to quickly 
mask complex boards 

 Initiate a co-operation process with 
construction- and production depart-
ments to reduce the need for complex 
masking and in the long run increase 
manufacturability for new products 

 

 Invest in storage cabinets for boards in 
conformal coating so they are not 
subject to contamination and climate 
changes to the same extent 

 Review the coating application policy 
to possibly reduce the number of 
coats or the curing time between 
coats 

 Thoroughly review the cause of  quality 
issues in curing and ensure that 
future products do not have the same 
manufacturability issues 

This will ensure a considerably reduced lead 
time and increased capacity, on average a 
lead time reduction by up to 80%, and 
increased capacity up to 36% is possible. This 
will prove essential to handle the projected 
increase in demand in the next few years as 
well as the increased complexity of products.  
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Appendix I - Project plan summary (1 page) 

Plan for project process and deliverables 

Time schedule 

Project team 

Thesis student: Agnes Livingstone 

Supervisors:  Magnus Stenberg, Luleå University of Technology 
    Tomas Kavallin, Saab AB Electronic Defence Systems  
    Andreas Bouvin, Saab AB Electronic Defence Systems  

Project employer: Lars Borgfors, Saab AB Electronic Defence Systems

Project phase Goal of phase Deliverable Time 

1. Project planning and 

definition 

Define the project description and agree on 

what the goal of the project should be and how 

it is to be reached 

Project plan 40 h 

2. Mapping context 

and current state 

Describe the context that the process is found in 

and map the process through collection of data 

so that the process and its problems can be 

described and understood. 

Contextual 

framework 

Current state 

Future state 

120 h 

3. Literature review 

Summarize relevant theories and current 

research that tie in to the research questions 

and support the completion of the project 

Theoretical 

framework 
140 h 

4. Analysis of current 

state, Formulation of 

requirements 

Analyse the results of phase 2 and 3 to find the 

reason behind problems and formulate a 

requirement specification for a future solution 

Requirement 

specification 

80 h 

 

5. Ideation and 

concept development 

Define a number of solutions that could help 

reduce lead time and improve working 

environment  

Concept 

suggestions 
130 h 

6. Evaluate and 

choose concept, 

Detail design and 

verification 

Evaluate the different solutions to find which one 

should be further developed. Detail and verify 

final solution(s) so they fulfil the design 

specifications 

Final concept 

Plan for 

implementation 

130 h 

7. Finalization 

Tie the phases together through discussion and 

conclusions, finalize report and presentation 

material 

Final report 120 h 

 



 

 

Appendix II - Benchmarking checklist (1 page) 
Production process 

1. Describe the process flow including layout and transportations 

2. What is the lead time of the process? 

3. What is the manufactured volume? 

4. How extensive is product variation and product complexity. What is the products 
manufactured for? 

5. What is the surrounding process? What happens before and after conformal coating? 

6. What are the method, techniques and equipment used for; 

a. Washing PCB-assemblies (method) 

b. Masking (materials, methods, extent) 

c. Coating (material, method, equipment, technique) 

d. Curing (method, cure time, handling, curing environment) 

e. De-masking (method) 

f. Inspection (method, equipment) 

7. What is the cycle time for each operation? 

Quality 

8. How do they ensure sufficient quality (measurements for example) 

9. What known quality issues appear? How are they handled? 

10. How is the process reliability and repeatability ensured? 

11. How is the PCB assemblies physically handled/transported? 

Operators 

12. How many operators work within the process? Is there known variation between them 
(regarding quality, time etcetera) 

13. How much experience to the operator(s) have? How is their competence assured?  

14. Do the operators have additional assignments? 

15. How is the attitude towards the process among operators? 

Work environment 

16. What does the workplace look like? Pros and cons? 

17. What does the surrounding area look like? What work is conducted nearby? 

18. Is personal protective equipment used? (such as breathing masks or gloves etcetera)  

19. How is a safe work environment strived for? Especially concerning strain and chemical 
safety. 

Plan and control 

20. How is the process planned and optimized?  

21. Who plans the process and who conducts it?  

22. How is the process defined and/or documented? 

Improvement work 

23. How do they work to reduce lead time and/or reduce delays? 

24. How do they work to collect and process improvement suggestions?



 

 

Appendix III - Workshop plan (1 page) 
BACKGRUND 

In conformal coating there are several operations that contributes to an unnecessarily long lead 
time and inhibited efficiency. One of the operations that adds the most to this are masking/de-
masking. Masking and de-masking require a lot of operator resources and can for some 
products take several hours to perform. The amount of masking needed is today limited by for 
example product design, coating robot capability and masking materials. The demands put on 
masking are high in regards to precision, quality and time which makes the operators 
experience and “feel for it” become crucial. 

Reducing time and operator resources in masking can bring the following benefits; 

 Reducing the total lead time of conformal coating 

 Increasing capacity in conformal coating 

 Ensuring a more stable and reliable process that is easier to plan accurately 

 Reducing variation between operators and making it easier to train new operators 

OBJECTIVE  

The objective of this workshop is to produce a large amount of diverging ideas on how masking 
can be optimized. These ideas will then be used in further concept development.  

TEAM 

Construction engineering: 

 Amanda Arvidsson 

 Lars-Erik Palm 

 Krister Lindström 

 Thomas Mattson 

 Göran Sjöblom 

Production engineering: 

 Tomas Kavallin 

 Andreas Bouvin 

 Catharina Englund 

 

Operator: 

 Maria Serantes 

Management: 

 Lars Borgfors 

AGENDA 

Introduction 14.35 - 14.40 

Introducing the thesis and the workshop. Presentation of workshop team.  

Warm-up exercise14.40 – 15.00 

In groups of 2-4 people, describe and draw the extreme solutions to the question “How 
would the perfect conformal coating process work?”  

The exercise is meant to start the though process and make the group more comfortable, 
crazy ideas are encouraged. 

Materials: A3 paper, pens 

Discussion 15.00 – 15.20 

The whole group discuss together the following questions; What demand are put on a well-
functioning conformal coating process? How is quality of output ensured? 

Brainstorming 15.20 - 16.10 

Brainstorming to generate ideas from the problem statement: How can masking be 
performed faster and with less operator resources?  

Ideas are written on individual post-it notes, these ideas are posted on a whiteboard and 
discussed to find common themes. The process is repeated again to find new analogies and 
ideas.  

Material: Posit-it notes, pens 

Concluding discussion 16.10 - 16.30 

General discussion, evaluating the result and method, questions etc. 



 

 

Appendix IV - Hierarchical task tree (1 page) 

Conformal 

coating

 of PCB

0.

De-mask

3.

Inspection

4.

Coat

(repeat to spec.)

2.

Cure

5.

Mask

1. 

Run 

coating 

program

2.3

Unload PCB

 2.4

Load PCB

2.2 

Dry (4h)

2.5 
Prepare 

coating 

machine

2.1

Mount nozzle

2.1.4  

Coating test 

(if needed)

2.1.5 

Flow test

 2.1.3 

Start machine

2.1.1 

Mount rack

 in machine

2.2.2

Mount PCb in 

rack

2.2.3 

Fetch rack

2.2.1 
Make 

program 

(if first time)

2.3.1 

Start 

program

2.3.3 

Remove 

from rack,  

place on 

plate

2.4.2 

Control

2.4.3a

Place 

PCB and 

plate in fume 

hood

2.4.4  

Fetch plate

2.4.1 

Package

 6.

Remove rack 

from 

machine

2.4.5

Cure in 60ºC 

(12h)

5.2

Dry in RT 

(24h)

5.3

Dry in RT 

(3 days)

5.1

Optical 

inspection

4.1

Correct 

manually 

(if needed)

4.2

Remove 

masking 

material

3.1

Correct 

manually

 (only last repetition)

2.4.3b

Check 

coating 

thickness

4.1.1

Remove 

coating from 

uncoated 

areas

4.2.1 Add 

coating to 

disrupted 

areas

4.2.2

Check 

for vicking on 

uncoated 

areas

4.1.2

Remove 

coating

(if not approved)

4.3

Place in 

ESD-bag

6.1

Deliver to 

inventory

6.2
Remove 

masking 

residue

3.2

Correct 

loose edges 

with thinner

4.2.3

Apply 

masking tape

1.2

Apply 

masking fluid 

and gel 

coating

1.3

Check 

blue-print 

with 

coating spec.

1.1

Let dry (1h)

1.4

Secundary 

side

1.2.1

Primary side

1.2.2

Secundary 

side

1.3.1

Primary side

1.3.2

Remove 

nozzle

2.4.6

Refill coating 

(if needed)

2.1.2

Mix coating

to spec. 

viscosity

2.1.2.1

Refill coating 

tank

2.1.2.2

Wait and 

monitor

2.3.4

Load  

coating 

program

2.3.2



 

 

Appendix V - Summary of data and calculations (2 pages) 

Data 

Cycle time (min)  

Operation Masking Coating 
De-

masking 
Inspection 
/correction 

Packaging Total 

No. of observations 641 641 641 641 604 604 

Mean 38,51 22,53 18,412 17,696 3,0546 101,65 

Standard Deviation 32,72 14,213 16,782 16,291 1,8538 73,12 

Minimum 1,5 4 0 1,5 0 15,3 

Median 29,33 19,2 14 11,4 2,4 83,4 

Maximum 174 84 72 92,571 12,4286 354 

Wait time, including curing (days) 

Operation 
Masking Coating De-

masking 
Inspection 
/correction 

Packaging Total 

No. of observations 103 103 103 103 67 67 

Mean 12,5 3,068 1,466 0,68 3,299 25,03 

Standard Deviation 16,88 5,08 3,045 1,457 4,345 19,72 

Minimum 0 0 0 0 0 4 

Median 5 2 1 0 3 17 

Maximum 91 43 24 7 26 97 

Yearly production 

  2012 2013 2014 2015 Total 
No. Of weeks 50 52 53 44 199 

Total yearly production 917 1111 1155 461 911 
No of individual product types 67 72 53 44 114 

Current state calculations 

Capacity and utilization 

Available time: 1452, 8 h/week (one operator working full time at estimated 80% efficiency) 

Average processing time: 1, 69 h/board 

Demand: 911 boards/year 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =  
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑡𝑖𝑚𝑒

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑡𝑖𝑚𝑒
=

1452,8

1,69
= 857,5 𝑏𝑜𝑎𝑟𝑑𝑠/𝑦𝑒𝑎𝑟 ≈ 2,80 𝑏𝑎𝑡𝑐ℎ𝑒𝑠/𝑤𝑒𝑒𝑘 

𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 =
𝐷𝑒𝑚𝑎𝑛𝑑

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦
=

2,98

2,80
= 106 % 

 

 



 

 

Future state calculations 

CONWIP level 

Planned lead time= 8 days = 64 h 

Demand= 911 boards/year ≈ 1544 processing hours/year 

Available time= 1452, 8 h/year 

𝑊𝐼𝑃 = 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 ∗ 𝑡ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 = 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 ∗
𝐷𝑒𝑚𝑎𝑛𝑑

𝐴𝑣𝑎𝑙𝑎𝑏𝑙𝑒 𝑡𝑖𝑚𝑒
= 

64 ∗
1544

1452,8
= 68 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 ≈ 6 𝑏𝑎𝑡𝑐ℎ𝑒𝑠 

Improvement of lead time and capacity 

Before: 

  Masking Coating De-masking Inspection Package Total 

Wait time (days) 12 3 1 1 3 21 

Run time (min) 38 22 18 17 3 100 

After: 

   Masking Coating De-masking Inspection Package Total 

Wait time change Wait time (days) 1 3 1 0 3 8 

Cure time change Wait time (days) 12 1 1 0 1 15 

Masking change Run time (min) 20 22 10 17 3 73 

Lead time improvement, wait time change: 21 − 8 = 13 =  62% 

Lead time improvement, cure time change: 21 − 15 = 7 = 19%  

Total lead time improvement: 21 − 4 = 17 = 81%  

Capacity change: 
1452,8

1,21
= 1194 𝑏𝑜𝑎𝑟𝑑𝑠/𝑦𝑒𝑎𝑟 ≈ 3,80 𝑏𝑎𝑡𝑐ℎ𝑒𝑠/𝑤𝑒𝑒𝑘 → 36% 

 

 


