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Laadun tuottaminen on yksi keskeisimpid arvoja, joita minkd tahansa yrityksen tulisi
tavoitella. Laatujohtamisen ja prosessikehityksen aiheet tuotantoympéiristdissd ovat jo
laajalti tutkittuja aihealueita. Erilaiset laatuaiheiset ongelmat saavat suurimmat hyddyt
kohdennetuista ratkaisuista, vaikka yleisesti tietyt lainalaisuudet pétevit. Ymmdrrys
asetetuista tavoitteista, olemassa olevien prosessien kyvykkyydesti ja siitd miksi jokin asia
el toimi kuten sen kuuluisi ovat avaintekijoitd misséd tahansa laadunkehityshankkeessa.

Tamai tutkimus on asetettu tavoitteenaan parantaa ja systematisoida sdhkolaitevalmistajan
tuotantoalueen laatuprosessit. Tutkimus kysyy ja vastaa sithen mitkd prosessikomponentit
ovat tuotannon valmisteiden laadun kannalta kaikkein kriittisimmat, milld toimenpiteilla ja
laadunkehitystoimilla valmisteiden laatua voidaan kehittdd ja milld metodeilla prosessit
saadaan systematisoitua ja korkean laadun tuottaminen ylldpidettya.

Tutkimus hyodyntdéd tiettyjd hyvin tunnettuja kuin my0s tuoreempia teoria-aiheita
laatujohtamisesta, jatkuvasta parantamisesta ja Six Sigmasta tuotantolinjan prosessien
laadunkehitysideoiden tueksi. Né@méd aihealueet perustuvat aiempaan akateemiseen
tutkimukseen.

Ty6n empiirinen osuus on jasennelty DMAIC viitekehyksen mukaan. Tutkimusongelman,
nykyisten prosessien ja niiden kyvykkyyksien maédrittely ja mittaus toivat esiin laadulle
kriittiset prosessin tekijat. Mahdollisten tuotantoprosessien vikamoodien analyysi ja tasti
johtuneet kehitystoimenpiteet johtivat 18:a erilaiseen prosessikehitystoimenpiteeseen.
Lopulta asetettiin  hallintasuunnitelma  systematisoimaan ja  dokumentoimaan
prosessiprotokollat ja varmistamaan, ettd prosessien jatkuva parantaminen on
toteutettavissa. Projekti osoitti selkedd kehitystd tuotannon laadussa. Tédméd tukee
suunnitelmaa jatkaa tyotd ja laajentaa samat avainkonseptit muille tuotantoalueen
tuotantolinjoille.
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Producing quality is one of the definitive key values any business should pursue. Quality
management topics and process improvement in a production environment is a thoroughly
researched subject. Different quality-related problems can get most benefit from distinctive
solutions even if certain concepts most usually apply. Understanding of the set targets, how
processes are currently performed and why something is not working as they should are the
keys to any quality improvement initiative.

This research is set up with a task to improve and systematize the quality processes of a
production unit of an electrical appliance manufacturer. The research asks and answers what
process components are the most critical behind the production’s output of quality products,
with what actions and process improvements the quality output can be improved and with
which methods the processes can be systematized and high-quality performance sustained.

The research employs some well-established, as well as some more novel theories in quality
management, continuous improvement and Six Sigma to support the ideas behind the quality
improvement of processes in the production line. These topics are based on prior academic
research.

The empirical part of the study is structured by the DMAIC framework. The definition and
measurement of the problem’s scope, the current processes and their performance brought
light to the critical-to-quality process factors. The analysis of the possible failure modes
inside the production processes and focused improvement actions derived from this analysis
resulted into a total of 18 different process development actions. Finally, a control plan was
put to place to systematize and document process protocols and ensure continuous
improvement of processes can be performed. The project demonstrated a clear improvement
in production quality. This supports to continue the work and to scale the same key concepts
to other production lines inside the production unit.
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Symbols and Abbreviations

CI
CTQ
DMAIC
ESD
FMEA
FPY
KPI
LCL
PCBA
PDCA
PFMEA
RPN
SOP

UCL

Continuous improvement
Critical-To-Quality
Define/Measure/Analyze/Improve/Control
Electrostatic Discharge

Failure Mode and Fffects Analysis

First Pass Yield

Key Performance Indicators

Lower Control Limit

Printed Circuit Board Assembly
Plan-Do-Check-Act

Process Failure Mode and Effects Analysis
Risk Priority Number

Standard Operating Procedure

Upper Control Limit
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1 Introduction

Achieving competitive and continuous quality requires constant work, committed
management as well as standardized working models which ensure the stability of different
business processes (Ramakumar & Cooper, 2004). In a larger scale production process, the
deliverables of the processes and the level of quality of said deliverables are affected heavily
by the practices employed in the processes. It is widely known that deviation in work
practices tend to result in more deviation in the final output (Asilahijani, Steiner & Mackay,
2009). Across industries, continuous improvement of activities and processes,
standardization of work as well as novel process development initiatives can show great

results in terms of quality.

1.1 Research background

A production unit of a company producing industrial electrical assemblies has experienced
a large scaling of production volume within the past year. The products are assembled at
separate production lines, after which units are tested in a four-phased testing process where
deviations of working units are screened before sending complete products to end-
customers. The quality of the production is measured by using distinct KPI’'s (Key
performance indicator), which measure the capability of the process, number of defects and
root-causes of these defects found in the production testing. During the upscaling of volume,
new personnel have been recruited to the production area and over time, the quality
parameters have been experiencing deviating results. The research aims to investigate the
root-causes behind the decline in quality. Through novel process development and suitable
control actions it is possible to increase production quality and create a solid foundation in
which production quality, as well as safety and productivity, can be ensured and further

improved.

The research concentrates on quality management, standardization of processes and
organizational development. This is done through the conduction of a Six Sigma DMAIC-
project (Define, Measure, Analyse, Improve, Control). Six Sigma, as expressed by

Linderman et al. (2003), is an organised and systematic collection of methods aiding



strategic process improvements, as well as product and service improvements. DMAIC is
one the methodical tools of Six Sigma. With the use of this approach, we can look deeper in
the underlying root causes disturbing the realization of quality. In the centre of this research
is the reported quantitative and qualitative production quality data supporting the need for

process improvements.

Similar research has been conducted in the past across several industries with positive results
(Girmanova et al., 2017; Rodriguez Delgadillo et al., 2017). The production line employs
several well-regarded practices, but the need for employing the right quality improvements
to ensure high-quality and good utilisation of production capacity. The findings in the
research could be utilized further in exploring the larger-scale subject surrounding the

research area, thus finding many tools to upgrade production quality in different industries.

1.2 Research objectives, questions and limitations

The research objectives are to identify the most critical processes affecting the quality of the
production. With the identification of the critical processes, the research aims to find the
most suitable process improvement actions to enable steady management of production

quality. The objective is to find lasting improvements and effects on production quality.
The research questions of the study are as follows:

1. Which processes are the most critical in achieving high quality in electrical appliance

production?
2. With which process improvement actions, the production can achieve high quality?

3. With which standardized work practices the production can maintain and further

improve producing high-quality products?

Due to the scale of the research problem topic, some limitations to the study must be made.
Firstly, end customer satisfaction and positive feedback is the most important factor for the
company to pursue quality in their products. Nevertheless, the research in this thesis is done
using the productions own quality metrics, them being the most notable parameter to assess
the achieved quality. Secondly, although technological improvements are an important

factor in affecting quality, this research focuses on improving quality through improvements
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of the production processes. Lastly, the production area consists of several different product
lines. Due to research constraints, the research is done focusing on one separate production
line and its sub-processes. The research and improving actions are conducted in a way that

the best practices found can be scaled to the other production lines in the future.

1.3 Methodology

The research searches for the critical-to-quality process factors, the definition of needed
process improvement actions as well as control methods to support these process
improvements. The findings and conclusions are based on the documented quality deviations
found in the production area’s unit testing. This data serves in pinpointing any possible
recurring deviation types as well as having a manually written explanation on what was

found out to be the error mode and possible root cause for the testing failure.

The documented data on used quality metrics is also reflected against the current employed
practices in the production area, overall production process model and process management
techniques. These together give the research a solid base to draw hypotheses and conclusions
on how the whole assembly process can be modified to support high quality. DMAIC serves

as a fitting frame in which this kind of development project can be intently structured.

Along with quantitative production quality data, the research includes several kinds of
analysis’ based on production’s processes, their structural attributes and process and sub-
process effectiveness. These analyses are done mostly based on participating observations
of the author and in some cases in assistance with the production team and few selected team

members.

1.4 Research structure

The research is structured by introducing the reader to related theoretical background used
in the research, such as quality management, Six Sigma, standardization and continuous
improvement. This theoretical background is based on theoretical publications such as
books, articles and journals related to the sub-themes of this research. After, the empirical

part of the research is structured following the Define, Measure, Analyze, Improve and
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Control-phases of DMAIC to follow the advancement of the research conducted as well as

findings done during the research with the appropriate tools.

The research is closed by presenting the results and planning further actions regarding the
novel process control methods in the Discussion section. Improvement of the proposed
model and scaling it to the other production lines can be done after empirical results have
been gathered. The research ends with a Conclusions section for some proposals of further
possible avenues for research relating to the problem scenario, which could be examined in

the future.
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2 Theoretical background

In this chapter, the theoretical background used in the empirical part of the study is
established. The chapter consists of several quality-related subthemes forming a basis of
theoretical background supporting development activities done in the case scenario. The
chapter handles subthemes related to quality management, Six Sigma, standardization and

continuous improvement.

2.1 Quality management

Quality management is one of the most extensively researched topics in academic literature
linking into the organisational performance (Ebrahimi & Sadeghi, 2013). Quality
management originates from organisational tools and systems originated to focus on
perceived customer satisfaction of high-quality products. Later, these separate methods have
formed a cohesive philosophical whole. Sashkin & Kiser (1993) continued to implicate that
quality management is an integration of tools, systems and techniques defining
organisational culture and creating customer satisfaction, also adding the dimension on

continuous improvement in business processes.

Kenneth Rose (2005) divides quality management into four different categorisations: quality
planning, quality assurance, quality control and quality improvement. Quality planning is
the process of planning and implementing quality performance models into an organisation.
Quality assurance includes the set methods of measuring and checking that quality-related
parameters of a product or a service are performed conformingly. Quality control means
primarily an implemented system of the measurement of desired quality characteristics,
including the feedback of quality and planned corrective actions in cases of non-conformity.
Finally, quality improvement means the continuous means of analysing quality-system
performance and the identification and elimination of process variation and repeating non-

conforming results in the product or service. (Mitra, 2016)
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2.2 Quality management tools

Quality can be managed with the use of several distinct co-operative tools and methods.
With the utilisation of different parameters, quality concepts and control methods the
employed processes can be controlled, benchmarked and improved. This sub-chapter

introduces the reader to a variety of different potential quality management tools to employ.
2.2.1 First-pass yield (FPY)

First-pass yield or FPY, is a commonly used quality related KPI used in various industries.
According to Quigley (2021), FPY is an effective manufacturing metric. It’s uses include
the perception of the capability of the measured processes, the effectiveness of the processes,
the processes’ ability to eliminate waste and a solid meter for reflecting the continuous

improvement capabilities.

In a manufacturing process, First-pass yield states the probability, or the yield of end-
products delivered by the manufacturing process which perform as intended after the normal
production chain without any needed additional rework (Quigley, 2021). The amount of well
manufactured end-products is reflected to the total amount of produced products within a

time frame. Shortly stated the calculation is the following:
p_
- = FPY (1)

where p is the amount of fully functioning products without any needed rework produced by

the process and P is the total amount of produced products.
2.2.2 Flowchart

A flowchart is a basic quality management tool. A flowchart is a visual representation of
multiple separate phases which together form a larger process. Smaller process phases are
placed in a sequential order to construct a visual image conveying what steps are made in
what order in a larger process. Though being a basic tool, flowchart’s many advantages

include the great adaptability the tool has over all kinds of different environments where a
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clear process flow must be demonstrated. These include manufacturing environments,

project planning activities and service design. (American Society for Quality, 2023)

Although flowcharts can be made with a very simple design, the charts can often also be
complemented with more detailed information. Such are information about who is
performing the process step, if the step involves a decision to be made, process phase time
limits or other measurable quantities involved in the process step (American Society for
Quality, 2023). A high-level flowchart representing the process of order-to-shipment process

from an online retailer to its customer is represented as a flowchart below in Figure 1.

ot ved Picking of odered Packing and loading of Shom - Produds received by

Figure 1. A flowchart representing an order-to-shipment process to an online retailer customer

2.2.3 Swimlane chart

A swimlane chart is a type of a flowchart, which adds the dimension of several process
categories or “swimlanes”. This added detail is given to the swimlane chart to more
specifically illustrate which function, department or person performs certain process steps
all the way through a larger process structure. Similarly, the process flows across the
illustrated lanes also highlighting the co-operation and critical process phases between
different actors in a process. As a result, a swimlane chart aims to also more specifically
clarify what is expected of different functions and can thus easily pinpoint process

improvement areas in places where they are needed. (Burns, 2007)

In his book, Gadatsch (2023) categorizes the more traditional flowchart being essentially a
fitting process documentation chart for data flow-oriented processes, swimlane chart is more
specifically designed to document and design control-oriented processes. As a result,
swimlane charts seem to be widely accepted as a very adaptable documentation method in

process control.
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Figure 2. A swimlane chart representing an order-to-shipment process to an online retailer customer

In Figure 2 above, a similar order-to-delivery process is demonstrated as was done in Figure
1. While being a little more detailed with a higher amount of information, swimlane chart
can offer several ways to highlight important information about the nature of a process step,
interrelations between different actors in a process and provide several possible end
scenarios of a documented process. Finer details in visualisation can be added to the charts
to enhance clarity. Swimlane chart also shows great adaptability in creating more high-

levelled or very specifically detailed process charts.

2.2.4 Critical-to-quality

Critical-to-quality (CTQ), a version of the more universal concept of Critical-to-X is a tool
for decision-making in process improvements. The goal of Critical-to-quality is to specify a
certain customer need (in this case, linked to received quality), and to form them in the form

of a specific factor which is critical and quantifiable while being directly linked to the initial
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customer need. The need can be a physical attribute of a product, product attribute or even a

need related to an offered service. (McShane-Vaughn, 2022)

An example of a Critical-to-quality diagram is shown below in Figure 3.

Rate of defective meals
prepared (%)

Meal preparation

Ingredient availability (%)

Average time of delivery
(min)

17

I need a fast meal Deliver
delivered 4
Rate of delivering right
meals to right customers
(%)

Lead time of order being
received by the
restaurant (min)

Order efficiency

Customer feedback on
easiness of order

Figure 3. A Critical-to-quality diagram for a fast meal delivery

The Figure 3 above shows a three-levelled diagram on addressing basic customer needs and
turning them to quantifiable and measurable Critical-to-quality parameters which indicate
the success on fulfilling the customer need. The need is usually broken down to certain
crucial drivers which together form the completion of the need. Each individual driver is
again separated to the CTQ’s. By specifying the most critical parameters of quality, the
proper qualities of a product can be addressed to overall improve the more intangible need
reflecting customer satisfaction. Usually, larger scenarios and customer needs are useful, to
separate in several different needs to acquire as multi-dimensional pool of different CTQ

factors.
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2.2.5 P-chart

Control charts are used as one of the most prominent tools in quality control. The main idea
of a control chart is to illustrate an inspected sample of variable values with its most
prominent statistical values and based on these results, form a basis for the assumption
whether a process is in control or not. Many different types of control charts can be used in
specific scenarios depending on the analysed variation, amount of different sample set and
the size of an inspected dataset. The proportion defective control chart, or a p-chart is
primarily used in charting a larger sample size. The idea of a p-chart is to investigate the
percentage of cases in a large sample size where the result is either conforming or non-
conforming. As such, it fits well in continual production quality related studies. (Sower,

2014)

As in most control charts, in p-charts the resulting value of a dataset is primarily reflected to
three different values, the mean (or alternatively median) of the dataset as well as the upper
control limit (UCL) and the lower control limit (LCL). The control limits are designed to be
the limits in inspecting if the process results are in control. The control limits are based on
the mean of the sample and the sample’s standard deviation. Most often situating three

standard deviations above and below of the sample mean. (Sower, 2014)

For UCL and LCL the calculation equations are:

vcL=a+ @3 x |(=E2) )

LCL = a— (3 X (“X(jl‘“)) 3)

where a is the average of non-conforming units in the sample size and # is the total sample

size.

An example of a p-chart is illustrated below in Figure 4.
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Figure 4. An example of a p-chart of performance result in a 30-day timeframe

Figure above works only as an example. P-chart complements a traditional line diagram with
the control limits determined by the measured parameters. The control limits demonstrate
how stable the results are and if measured processes are in control. Deviations of results
outside the upper and control limits indicates a so-called special cause. This means that the
results have been affected by a factor which is not a part of a normalized process. Such has
been the case in day 21, where the result has been greatly higher than usual, passing over the

upper control limit.
2.2.6 Pareto chart

The Pareto chart is a tool which is based on the same named principle in which a small
number of causes cause most of the results on a measured effect (Grous, 2012). The theory
implies that most dramatic effect in an attempt of affecting system result are most often done
by concentrating on the few most prominent factors or root-causes. The tool is used to
increase effectiveness in selecting few selected parameters which should be inspected in

higher detail, instead of assessing every single category separately.

The Pareto chart as a tool illustrates this. In Pareto charts, the sums of frequencies of different
tendencies or classifications are distributed and organised from left to right in a style of a

bar chart with the most frequent classes situated left of the chart. In Pareto charts, often the
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cumulative percentages of the whole sample are also measured to illustrate scale of
difference between the most frequent and less frequent classes. There are different ways to
review Pareto charts, but most often the most frequent classes which cumulatively include
in ~80% of scenarios can be deemed as the essential classes to inspect further. (Wilkinson,

2006)

100 %
90 %
80 %
70 %
60 %
50 %
40 %
30%
20%
10 %
0%

Class 7 Class 6 Class 9 Class 8 Class 3 Class 5 Class 1 Class 4 Class 2

Figure 5. An example of a Pareto chart

The figure 5 above shows the frequency of a result between nine different classes. The
classes are sorted by frequency from left to right, with the Pareto chart and x-axis
demonstrated the cumulative effect of different classes in resulting outcomes. It can be noted
that of the nine different classes, Class 7, Class 6, Class 9, and Class 8 form together about

80% of all resulting outcomes.

2.2.7 PFMEA

FMEA, or failure mode and effect analysis is a quality tool to identify possible failure modes
and their effects in process, design, or product. The possible failure modes are listed along
with the possible resulting effects of the failure modes. Additionally, in the FMEA the
possible root-causes for failure modes are all listed along with three notable variables: effect
severity, root-cause issue occurrence and control effects to the issue and their ability to detect

the underlying root-causes. These variables are given values between 1-10, finally the
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multiplication of these three values form a Risk Priority Number (RPN). After all possible

failure modes and the more detailed data behind them are listed. Different underlying issues

in a process, design, or product can be successfully identified, compared, and prioritized

based on the assessed RPN values for every specific root-cause. PFMEA, or process failure

mode and effect analysis is a type of FMEA designed for process improvement toolbox.

Rightly used a FMEA serves as a flexible tool to be used in problem solving, risk assessment

and continuous improvement across all industrial sectors. (Stamatis, 2003)

An example of a PFMEA is shown below in table 1.

Table 1. An example of a PFMEA

Process Potential Potential S Potential cause
phase failure mode effect of of failure
failure mode
Being late Car not maintained
properly
Requires work
to repair Critical functions
Car 9 not checked before
malfunctions Costs to repair driving
Must continue
Drive safely by foot User error
and timely to
work Injury Random incident
Choosing a busy
road
Get stuck in Being late 4 Driving at a busy
traffic hour

Traffic incident

2.2.8 Brainstorming and idea generation

Current process

controls

Regular
maintenance
inspections

Checklist before
driving

Cautious driving
None

Prior experience
Preferring less busy
time

None

10

10

RPN

108

162

180

180

96

288

120

Problem solving and high-quality ideas for improvement require the problem-solving team

to generate ideas of which the best can be implemented to acquire positive results. The act

of gathering a group of individuals to get familiar with a problem and to form possible

solution ideas is called brainstorming. Brainstorming has many possibilities of angles for
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implementing, but very importantly brainstorming sessions almost always continue to idea

selection (Urban & Hauser, 1980).

The aim of brainstorming and the following idea selection usually aims to generate few of
the best possible ideas (Nijstad & De Dreu, 2002). This is done to find ways to achieve best
possible results with less needed input to idea implementation. Although brainstorming
sessions aim to generate many different ideas increasing the possibility to find the very best
ideas, it has also been studied that the very first ideas tend to be among the most potential

improvement ideas (Johnson & D’lauro, 2018)

2.2.9 Prioritization Matrix

A prioritization matrix is a tool to enable objective comparation of alternatives for example
in business decisions, process improvements or project planning. This type of matrix enables
the classification of many ideas and to pick out the most valuable alternatives which should

be prioritized. It is an effective tool after brainstorming and idea generation.

There are several methods in how prioritization matrix can be implemented in different
scenarios. Definitive is the ability to decide on important factors affecting the decision,
assign each factor a respective importance and finally summarize to outcome formed of these
factors. A popular method is the so-called Eisenhower Method mainly addressing to two
primary needs: urgency and the importance of any specific possible solution (Gibbons,
2018). There are many ways of application for prioritization matrices and generally they
should always be reflected towards the specific needs of the target group or problem

scenario. A general example of a prioritization matrix is shown below in table 2.

Table 2. An example of a numerically assessed Prioritization matrix

Ideas Factor 1 (*1) Factor 2 (*1) Factor 3 (*4) Result
Idea 1 3 7 2 18
Idea 2 6 8 4 30
Idea 3 2 2 7 32
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In the example above, the three ideas are reflected based on three different factors important
to the decision-making process. Each factor will be numerically assessed based on prior
experience, statistical evidence, and expectations of reality. Each factor’s outcome is also
multiplied with a specific numerical significance multiplicator for each factor. The result is
a sum of each factor’s weighted result. In this example, the Factor 3 is thought to be far more
important in the decision-making compared to Factors 1 and 2 and thus, its performances
effect to the result is far more decisive. In the example, although the Idea 3 does not compare
well against the other idea solutions in the first two factors, the higher relevance in Factor 3

results it to be seen as the most promising idea solution.

2.3 Standardization and Continuous improvement

At the centre of quality is the topic of variability and standardization. Many ways of doing
things, result in large number of outcomes with variating end results. In quality, continuous,
and stable end results are expected and thus reduction of variability in processes is pursued

with practically no exceptions.

Standardization methods are used across industries to enhance several universal qualities,
including effectiveness, quality, communication between actors in processes and clear
establishment of process goals (Wuellenberg, Koenig, Beimborn & Weitzel, 2009). These
effects make the tools of standardization valuable in a variation of different business

processes, especially the quality of processes.

Continuous improvement, or CI, is a larger concept of tools and ideas designed to enable
easier, cheaper, faster, or better ways of working in any possible environment at any possible
time. Continuous improvement is heavily related to a Japanese term “Kaizen”, which means
gradual and continuous progress, increasing of value and improvement (Karkoszka &
Scewieczet, 2007). The whole concept of CI is closely related to many other widely used

concept such as Lean manufacturing or Six Sigma.

Brunet & New (2003) summarize Continuous improvement to have three most important
quality characteristics. These are related to the continuity of the development activities,
gradual improvement instead of fast and sharp changes in work of working and the employee

participation and the culture of the whole organization working in the continuous
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improvement of activities. The “toolbox™ of CI is very wide and offers an endless way of

meaningful implementation for different types of businesses in many different of sectors.

2.3.1 Plan/Do/Check/Act

Plan/Do/Check/Act or in a shorter term PDCA, is a process tool and a methodology in
continuous improvement. Deming (1986) states that the proposed cycle for development can

be used to carry out any process improvement.
PDCA follows a clear-cut cyclical process flow which progresses as follows:
- Plan: Establishing the objects and needed processes to fulfil needed outcome
- Do: Implementation of process improvement actions
- Check: Monitoring and measurement of performance results
- Act: Implement actions needed to refine the implemented process improvement

The driving principle behind PDCA is that the improvement truly never ends, but the four
phases of the methodology are to be done cyclically in the corresponding order. This is to

really create continuous improvement in the developed processes. (Duffy, 2013)

2.3.2 Standard Operating Procedures

Standard Operating Procedures, or so-called SOPs are crucial components to any effective
quality management system. The format for SOPs may vary depending on use and specific
application, but all-in-all SOPs form a set of instructions which instructs operators of
processes to perform their tasks as intended. The standardized work methods and process
steps aim to result on the same desired outcome every single time. This is a great indicator

of quality. (Manghani, 2011)

For SOPs to provide systematic process instructions and to be a recipe for high quality, they
should generally achieve a couple of attributes. SOPs should favourably be made by the
personnel who conduct or manage the procedures, they should be clearly documented and
archived for use and to finetune processes, SOPs should be reviewed systematically. Finally,

it is ideal that SOPs are instructed in as clear format as possible to avoid misconceptions and
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provide any operator of the process to achieve as great of an outcome as intended.

(Manghani, 2011)

2.3.3 Standard work

A concept of Standard Work carries on with the same idea of standardization and achieving
the ideal resulting outcome as SOPs. Whereas SOPs are a more top-level process instructions
on how things should be performed, Standard Work focuses on each singular phase and work
step. Standard Work in short is a documentation of a process work instruction. The aim of
Standard Work is to instruct its users to perform work phases as intended from the first time
onwards. Standard Works place a high priority on the decided outcome of the process and

are applied as such. (Ball¢, 2015)

To separate a Standard Work from a normal procedure instruction, Standard Work focuses
on each singular part of a work sequence in detail. According to Ballé, Standard Works

usually also include the following characteristics:
1. The work objective and expected outcome
2. The break-down of the work on sequence steps
3. The needed tools, capabilities and inputs to perform the work
4. Clear clarification of work criteria, and/or supervisor support

5. On-going support and improvement

2.3.4 Process control plan

A well-executed process control plan is the key in any successful process development
change. Process control plan ensures that new processes are adopted seamlessly and monitor

and react based on observed needs for modifications in the newly adapted processes.

Six Sigma Institute (2024) establishes successful process control plans to consist of 4

different types of process control techniques. These are:

1. Standardization



25

2. Documentation
3. Monitoring plan
4. Response plan

Standardization is to establish what are the agreed and desired characteristics of the new
process and an agreement to follow these designed process guidelines. Documentation
means the formulation of the designated process steps to detailed work procedure
instructions. Key here is to have the whole process instructed for the team members based

on the same shared document. (Six Sigma Institute, 2024)

The Monitoring plan and Response plan are related control tools. The Monitoring plan
indicated the key outputs that are monitored, how they are monitored and the timeframe in
which they are monitored. If a deviation is found in the data, Response plan indicates the
actions that will be taken place at this point and by whom. Together these two tools create a
systematic way to monitor process performance and react and make changes if the need is

indicated by the key process performance indicators. (Six Sigma Institute, 2024)

2.4 Six Sigma

Six Sigma is a methodology consisting of a wide variety of statistical and management tools.
The driving goals in Six Sigma is improving product and service quality, improve processes
and reduce variability. A Six Sigma process attempts into a ratio of 3,4 defective parts per
million parts produced. Overall, Six Sigma is based on strong management commitment
towards quality, clear definition of problems and to a proactive approach on improvement
initiatives. Six sigma is mostly conducted through different types of projects and in the centre

of this is the widely used DMAIC-process approach. (Dedhia, 2005)

2.4.1 DMAIC process

The DMAIC-process belongs to the larger concept of Six Sigma. The name is an
abbreviation related to 5 specific steps passed during a DMAIC-project: Define, Measure,
Analyse, Improve and Control. The process’ goal is to establish a problem case to improve,

measure and analyse the process capabilities, plan out and conduct improving actions and
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finally to put in place the control methods to maintain the established improvements. The
different phases of DMAIC are conducted structurally in a way that the deliverables and the
findings of the previous phases determine the next steps in the following phase and in such
a way create a systematic process flow supporting proper decision-making and needed

development actions (Hahn, Dogonaksoy & Hoerl, 2000).

2.4.2 The Define phase

Any research or development project aims to gain new insights and improvements into a
certain problem or topic in which the insight and improvements are needed (Bruhl, 2018).
So, a DMAIC project starts with the phase of Define. The mission of the Define phase is to
clearly specify the research problem, map the observed processes with their inputs and
outputs, establish specific project goals and finally plan the project and the specific
milestones in which the outcome of the project is built. The main deliverables of the Define-
phase often include the stating of the customer needs, process analysis, stakeholder analysis,

project definition, project charter and a detailed project plan. (Pakdil, 2020)

There are several different tools supporting the clear definition of the project scope and plan
such as value stream mapping, SIPOC analysis, flow charts, swimlane diagrams and process
diagrams. Any tools employed during the Define phase however guide the project personnel
to the conclusions about the customer needs the project needs to fulfil and insight on how
the separate processes or sub-processes exist. The Define phase should leave the project team
clear on the definition of the problem statement along with the final goals of the conducted

project to fulfil the customer needs. (Pakdil, 2020)

2.4.3 The Measure phase

As the Define phase is essentially about defining the research problem and establishing its
goals, the Measure phase examines into the status of the problem at hand (Mittal et al., 2023).
The Measure phase takes in to account the established critical-to-quality processes and
parameters defined prior in the Define phase, taking into closer scrutiny the current

performance of these parameters. As a result, the clearly cut goal in the Measure phase is to
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be able to demonstrate, how capable the process, or individual critical process parts are. The

capability is reflected straight against the problem and goals established in the Define phase.

In the centre of achieving the milestones in the Measure phase is the collected data. Fact-
based results of most preferably several different angles on process performance are
important to gather to make as fact-based conclusions as possible. A dedicated data
collection plan, the data collection, and the visual representation of gathered data are all
important steps in the Measure phase. To achieve this, several quality tools are used to assess
and illustrate the available data. These tools include box plots, Pareto charts, control charts

and histograms. (Monday, 2022)

2.4.4 The Analyse phase

The Analyse phase is where data collected in the Measure phase is examined more closely
to find root-causes behind the examined problem. Essentially after stating how the process
is measured and how it performs, Analyse phase investigates what underlying factors are
causing the effect on process performance (Singh et al., 2017). The Analyse phase most often
consists of several different analytical tools, ensuring that the problem scenario and its root-
cause is addressed in several different angles. This is to get as close as possible to the right

process actions.

Many quality tools can be employed in the Analyse phase including Pareto charts, 5 Whys,
cause-and-effect diagrams, FMEA and regression analysis. The tools in Analyse phase are
to be used depending on the specific problem at hand and the data available in the study. As
a result of the Analyse phase, the root-causes of process problems should be clear to enable

practical improvement actions in the Improve phase. (Quick, 2019)

2.4.5 The Improve phase

After inspecting the root-causes behind project failures in the Analyse phase, the findings
made can be used finally to create actions to improve the existing processes in question. The
definition, planning and execution of the process improvements, are the mains tasks in the

Improve phase of DMAIC. Typical Improve phase follows a similar path such as:
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- Listing of needed improvements, based on the Analyse phase
- Implementation plan

- Cost estimates and/or cost/benefit analysis

- Risk assessment to mitigate risks in implementation

- Piloting solutions

The Improve phase contains many different tools and methods that can be used. These
include idea brainstorming, cost/benefit analysis, prioritization matrix, FMEA and process

pilots. (Blackburn, 2022)

2.4.6 The Control phase

The Control phase is the final phase in the DMAIC framework. At this point the project is
brought to the finish, desired achievements are ensured, needed project data is documented
and finally the project is closed. The Control phase is a crucial part in ensuring that the
project goals are met, and the newly adapted processes and changes are successfully
implemented. The Control phase can employ many possible tools. Most notably the PDCA
method, control plans and control charts are used (Pakdil, 2020).

The goals for Control phase listed by Pakdil (2020) are first to carry out that the planned
activities of Improve are achieved and sustained. Next all the intended changes and new
practices are documented, work is done according to the documented ways and that the
documentation and process instructions are revised as needed. The scope of the project must
be fulfilled as intended and Control phase also aims to avoid losing the gained benefits in
the future. Finally, the prior notions create positive examples to be possibly implemented
inside other functions of organizations and in the end, project is formally closed. (Pakdil,

2020)
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3 Empirical study — DMAIC project

The empirical part of the study takes us to closely monitor and improve the assembly
production processes of a production area of an electric appliance manufacturer. The project
employs the use of Six Sigma’s DMAIC-framework, taking the reader to follow the research
study in every step of the way from establishing the research problem to final
implementation of solving methods and the implementation of control methods to the newly
established production processes. This chapter is organised between all the different 5 phases
of DMAIC. Starting from defining the problem to improve, carrying on to measuring the
current processes with its capabilities, analysing the results, turning made conclusions to
improvement changes and finally establishing solid control methods to ensure the
continuation of the new processes. Ultimately, this is done so the quality in electrical

appliance production can be improved and maintained.

3.1 Define

The quality-related improvement project starts with identification of the problem area of the
study and establishing the critical processes and production process areas in which
improvement is needed. Starting here, we can also establish what potential components are
not included in the project scope. Later, we can move in to clearly defining all the goals,
milestones and deliverables the project should fulfil. After all this is established clearly, the
work can continue into looking deeper into the processes and the available data in the

Measure phase.

3.1.1 Problem statement

The different production lines make different types of units, in which most same general
defining characteristics do apply. The different units assembled in different production lines
share same defining characteristics, but have some separating qualities and particularities in
both, how the finished product changes and how their assembly is changed. In this research

we concentrate on only one specific unit assembled at its own production line. Later, the best
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practices found in this research can be scaled to be implemented in the other production lines
as well. For simpler clarity of subject matter later in the study, the production line which
will be scrutinised and improved will be referred to as Production Line A. The finished end-

products similarly will be referred to as Units.

As has been stated before, to ensure smooth production flow, the ability of the production
line to assemble complete and functional units without extra testing and rework is
paramount. The production volumes of the production area have risen significantly during
the past couple of years, which has also called the need to recruiting new workers. The
learning curve to assemble units with no defects and high-quality day after day, shift after
shift takes time and proper emphasis must be considered in employee training and the daily
management of productions processes by the production supervisors. Most importantly, to
cut out non-conforming deviations in end products, proper standardized working procedures

and management tools must be thoroughly investigated and fully employed.

The production line A’s FPY-parameters have shown mild, but steady decline during a
longer timeframe and the production management has seen that the standardization of
productions processes, working instructions and supervision activities need solidified
improvements and guidelines to help the production line to stabilise back to high-quality

results.

In later component examination done to changed components of failed units largely show
that a sizable part of removed components have no functional fault. This means that waste
is done by scrapping fully functioning equipment. Additionally, the number of assembly-
related failures is not very stable due to the large number of new assemblers in the production
area. As such the problem is to look deeper for the root-causes behind this growing number
of faulty units found in testing and assembly related mistakes, concentrating on the
established CTQ parameter performance. In the end the research looks to implement tightly
standardized working practices among the whole personnel of the production area and to
look for novel process development tools to make a significant effect on the quality KPI’s

and the production flow of the production line.
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3.1.2 Project scope and goals

The project investigates the critical processes in the production, work instructions with
which workers apply their daily work and into the ways how the production supervisors can
manage the workers to assemble high-quality end products in a continuous manner. The
quality walks also hand in hand with efficiency so any process improvements made will be
also reflected through the productivity of the production line. Most importantly, in a
production environment the safety and the well-being of the workers is in the highest
priority, and this is why safe working practices and process modifications must be

implemented.

The quality of the units and the functional faults of the defective end products is in an electric
appliance production mostly a very technical subject. Due to the need for proper
establishment of process development activities and putting in place the right working
practices, the project first and foremost concentrates on these developments. Any more
detailed mechanical or electrical engineering problems will not be addressed in as a high

detail, but only for informative purposes complementing this research.

The research is based on the production and production’s own processes. Therefore, the
scope of process improvements can only include process steps and process actors in the
mapped production processes. The methods of work in material supplier’s or other company
function’s processes can only be modified in the interface of related processes, but mainly

inside the production’s own primary and supporting processes.

As important final milestones, in addition to fully fledged and properly communicated
process changes, instructive manuals used for the productions processes will also be
examined and reviewed. As a result of the project, we want to be sure that every worker and
supervisor knows what he must be doing and that the instructions and processes support the
critical elements for quality. Finally, the aim is that the production line’s processes will be
in a more controlled and established state that additional incremental process improvements

can be planned later in the future.



3.1.3 Overview of the quality process

The production area studied and improved during the project is one of several separate
production areas belonging to a sizable electronics manufacturer. Assembly components are
shipped to warehouse and from there to production inventory The materials are ordered to
production shelves using the kanban method. In the separate production lines, the workers
assemble electrical appliances. The production lines are split into different sections
consisting of multiple sub-assembly workstations and a series of final assembly workstations

where the separate sub-assemblies are merged into a complete unit. The overview of the

whole production process is visualized below in Figure 6.
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Figure 6. Overview of the production quality process in a swimlane chart

Material is sourced from suppliers based on the estimated demand of the production.
Materials are warehoused in a separate warehouse and the shelf inventory of the production.

Production processes are separated to the assembly line and the testing subprocesses, after

which production unit is finished and ready to be sent to customer.
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3.1.4 The Assembly process

In the assembly process, materials are used in the production line and ready units are
assembled according to the assembly instructions. Materials are checked before assembly
and any deviating materials are handled away from the production use through the
reclamation subprocess. Usable materials are then used in the assembly line consisting of
separate workstations. After the whole assembly is ready, units are tested. Figure 7 illustrates

the overview of the assembly process.

Materials are taken Unit is lifted on a Unit data is printed
from production Faulty materials? Assembly line ity and attached to the

Unit is moved to

testing

inventory unit

Reclamation
process

Figure 7. Overview of the assembly process

The production line A is a one-piece-flow production line with 11 separate workstations. Of
these, 5 workstations can be categorized as sub-assembly stations and the remaining 6 are
parts of the final-assembly line in which the whole unit is assembled in separate steps. The
sub-assemblies are merged into the final product during the final-assembly stations. In total,
depending on the capacity and available working resources, the number of workers in the
production line can vary anywhere between 1 to 10. The assemblers can be coordinated to
work each on a dedicated workstation, or the work of an assembler can be divided into
multiple workstations. An illustration of the production line A with its separate assembly

stations are shown below in Figure 8.
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Figure 8. An illustration of Production line A and its workstations

The work phases of the different workstations vary, but in every workstation, the work starts
by checking that the unit has been left from the previous work phase according to the
instructions. Personnel working in a workstation checks the assembly of the work phases
done before, including past final-assembly phases, and attached sub-assemblies. Separate
instructions for the quality check of different work phases are available in the needed
workstations. If an assembly error is found from previous work phase, the assembler of the

previous phase is instructed to correct the error before the assembly can continue.

After this, the distinct work phases of the workstation are performed during which used
electrical components assembled in workstations are traced to the unit serial number. Finally,
final check for the completion of the assembly phase is made and the unit is passed along
the production line. Assembly instructions for the work is available for the assembler in the

workstation and the instructions are updated in cases of product or work practice changes.

3.1.5 Testing and fault reporting

The testing of ready units starts with visually inspecting the units, after that several
functional and stress screening testing sequences are performed on the units to find any weak
links or deviations in the tested parameters. After all test phases are passed, unit is ready to
be shipped to customer. The production testing and its reporting processes are shown below

in Figure 9.
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Figure 9. The testing, fault-identification and reporting process
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If a failure is observed, the testing fault issued by the testing equipment is always verified
and further inspected. After the root-cause has been identified, the testing personnel file a
report on the testing failure. The information documented include the unit information, phase
where the fault was found, failure mode description. The unit is then moved to the rework
cell, with the documented information about the testing fault and probable root-cause of the

issue. The failure mode reports are stored in a separate database.

In the rework, units are reworked based on the observed failure and unit defects. The rework
is mostly based on the testing personnel reports. After unit is repaired of its defects, unit is
ready for a new testing run. In the rework, any damaged or suspected electrical components
are changed, these components are sent to the laboratory testing subprocess. All other

materials that are changed, are scrapped from the production.

Even when thorough visual and technical testing is done to the units, there is a chance that a
unit can have a hidden defect and show problems in function later. This is why, in terms of
quality, the testing areas number of defects found and the yield with which end-products can
be assembled and tested without any additional rework are the most important parameters to
this study. The Production’s principal quality related KPI is FPY, which indicates the
number of modules successfully passing the testing process during the first iteration. The
productions FPY goal is 98%. The FPY data and the reports on any deviations found in the

testing are categorized based on different fault types. These include malfunctioning of a
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distinct component, non-conformities found in suppliers’ materials and assembly-related

mistakes in the product.

The assembly quality of the production line is also monitored by using the same testing and
troubleshooting process, being a significant indicator of end-product quality and smooth
production flow. The assembly quality is monitored by comparing all the testing failures
which are categorized relating to assembly mistakes to the whole number of tested units. The

assembly FPY target of the production is 99.6%.

3.1.6 Reclamation process

In cases of faulty or incorrectly manufactured materials found in production, a reclamation
process is put to place to remove unsuitable material from production, make possible
conclusions about possible problem scenarios and to inform the related stakeholders about
any issues. This is done to correct any disturbances as effectively as possible from the
production as well as to avoid recurring defects in assembly materials. It in this regard affects

heavily the effectiveness of assembly and the quality of the manufactured end units. An

illustration of the reclamation process in a high level is below in Figure 10.
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Figure 10. The reclamation process of defective materials in production

Almost in any situation, when facing quality issues in materials, the production makes the
primary inspection of the issue, makes a report on the material affected, number of units with
issues and details about the deviation issue. After that the information and the material is
handled to the logistics team to handle the finalization of the process all the way to the

supplier.

To support the production and effective solving of arising problems, in cases of continuous
quality issues and greater issues, quality personnel of the production look in more detail to
the issue, with warehouse, inspect the amount of inventory affected and straightforwardly
communicates any found issues or causes with the whole supply-chain. In both smaller and
larger quality defect scenarios, suppliers are requested to analyse the reported defects,
conduct improvement actions and to communicate the changes meant to avoid defects to

repeat.

3.1.7 Laboratory testing and reporting

Laboratory testing of subjected components removed from faulty units happens with a short
delay separately outside the normal production process. The goal of the analysis is to identify
specifically the root-cause of the failure in testing. The components which are changed in
rework after failed testing depend heavily on the decisions made by production and testing

personnel and so, not all inspected components have any defects.

The details in the laboratory analysis depends on the failure mode of unit and the component
in question. Crucial in the quality of the production process is the information that is
available after conducted analysis, how it is shared to the production and other stakeholders
and the lead time of the analysis. A swimlane chart of the laboratory analysis process is

below in Figure 11.
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Figure 11. The laboratory analysis process of failed components

The laboratory analysis starts with the suspected faulty electrical components arriving to the

laboratory with the related test report data from the production testing. The laboratory

personnel analyse the components from a queue of components based on time they arrived

and severity of a particular case. The results made from the analysis are shared to production

and to the supplier in cases where supplier faults are identified. The fragile electrical

components which are analysed are exposed to potential ESD (electrostatic discharge)

damage, in which the functionality of the components can possibly be seriously altered. This

is why, after the analysis, even components deemed fully functional can no longer be

returned the production. They are scrapped or sent back to supplier through the reclamation

Process.
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3.2 Measure

Now we have defined our research problem and established the current production and
quality processes. We continue in measuring the current quality capabilities of the processes,
forming a baseline of current quality status, identifying critical to quality factors and finally
identifying how these critical factors are handled in the production process. After we have a
data-driven basis on how stable the quality results are and how well critical to quality factors
are being employed currently, we can move to analyse the root-causes of quality-related

issues of the production.

3.2.1 Current state of production quality

The collection of reported defects in production testing during the whole year of 2023 has
been gathered to give us data on unit quality. During this time, approximately 10 000 units
were tested. Of these units, 358 had to abort testing due to a malfunction. From these 358
units, 120 were found to have assembly-related faults. Defects have also been categorised as
assembly faults, faulty component faults or proven supplier quality faults. These categories
have further been specified to a particular type of found defect. For a time during the year,
it was found that a part of test reports had impartially filled data on failure report. This leaves
some data to be missing without correct characterisation. This reporting issue has since been
resolved and from week 42 onwards, all the data is transferring in the failure reporting

system.

Figures 12 and 13 below show a p-chart as a control chart following the yearly Testing FPY
and Assembly FPY results compared to the yearly mean and statistical upper control limits
(UCL) and lower control limits (LCL). If one or multiple of the following happen in the

chart, we can statistically base that the results and so the quality process is not in control:
- Six consecutive points are increasing or decreasing.
- Fourteen consecutive points are alternating going up and down.

- One or more points are outside the issued control limits.
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Figure 12. A p-chart of production Testing FPY by week in 2023

The mean of the FPY results in 2023 was 96,72%, below the production target of 98%. The
control chart shows that the weekly results show some variability throughout the year, even
having an inclining shift in the results towards the end of the year. However, it seems that
the results show no case of the process being totally under control in regard the total testing
defectives of the production. The statistical control of the process is there, but the testing

results are well below the set targets with only a few weeks above target.

Assembly FPY 2023
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Figure 13. A p-chart of production Assembly FPY by week in 2023
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The mean for Assembly FPY in 2023 was 98,90%, below the target of 99,6%. The weekly
FPY trend seems to have noticeable even more variation between weeks compared to the
total testing FPY results. We can also see that in weeks 14 and 29 the weekly FPY results
went below the LCL. A noticeable shift seems to have been made in the second half of the
year, but in the measured timeframe, we have statistical proof that the process has not been

in real control in assembly related defectives.
3.2.2 Unit fault categories

To start looking into the causes of the testing failures, the fault typing of test failures with
the respectable occurrences was illustrated on a Pareto chart. Figure 14 below shows the
Pareto chart of 2023 test failure type occurrences. Categories related mainly only to
component and general types of errors are demonstrated in light blue colour columns.

Assembly related failure categories are shown in darker shade columns.
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Figure 14. Pareto chart showing the occurrence of different fault type categories of testing failures in 2023
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The Pareto shows four fault types creating almost 80% of all testing failures. Printed circuit
board assemblies, or PCBA’s (Printed Circuit Board Assembly) are the most recurring
failure types followed by wiring defects in assembly, faulty different electrical parts, and
faulty semi-conductors. Wiring defects are purely assembly related faults with the other three
being cases of electrical components which have been suspected to unknown damage or have
a functional defect coming from the component supplier. Of this we can conclude that
component related testing issues are mostly related to failures in fragile electrical
components and wirings being the main reason for assembly related testing defects in the

production line A.

3.2.3 Critical-to-quality factors

After we have mapped our current quality process and measured our process’ quality
baseline, the most important parameters affecting high-quality unit production must be
investigated. The process of assembling units to customer starting from the material
suppliers along with the separate material and data flows, in the light of our projects main
goal of realising stronger results in the unit testing FPY parameters, the most integral needs

for the whole process are:
- Only conforming components are used in the assembly.
- Ensuring the unit assemblies are conforming and according to our standards.
- Ifa defect is found in testing, the root-cause must be identified and corrected.

These needs are brainstormed into key drivers included in the production processes. These
drivers together form the base of successfully fulfilling the need. Additionally, these drivers
are given quantifiable CTQ (critical-to-quality) parameters and working methods which as
a collective fulfil the realization of the separate quality driver. The CTQ’s have a major role
in the later phases of the project as guiding parameters for process improvement needs and
as such the CTQ’s have been determined and proofed in assistance of prior critical-to-quality

and quality control manuals.

Our first need requires well executed process steps all the way from the supply chain and the
ability of the assemblers to remove defective materials before assembling them to units. The

high number of different materials, ranging from mechanical metal and plastic components,
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electronics and wires require varying ways of handling in the logistics process. The Figure

15 below shows the CTQ tree analysis for our first need.

Supplier provides only
conforming materials

Transport and
handling is done
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Defective materials
are detected and
removed from the

assembly line

Supplier is
informed quickly
about quality
defects

Corrective
actions are
transparent with
suppliers

Defects related
to logistics are
communicated
and corrected

Storage and
handling are
done according
to material
requirements

Material quality
requirements are
clear to
personnel

Clear process of
erasing defective
material batches

Figure 15. The CTQ tree for the need of acquiring only conforming materials to assembly production

The first driver is related to suppliers providing only conforming materials. To ensure this

the production line must inform the suppliers of notable quality issues as early as possible.
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Corrective actions in supplier quality must be transparent to assist quick clearance of

component issues.

The second driver of the analysis is material transport and handling. Similarly, as in material
issues or self-made errors in assembly, logistics quality processes must be taken seriously.
Any logistics related quality issues in production line must be corrected effectively. It is also
critical that storing and handling of different kinds of materials are done according to

determined quality guidelines.

The third driver is defect detention in the assembly line. For it to go smoothly, material
quality requirements must be clear to all personnel. Also, there must be an established

process flow to make sure similar defectives won’t reoccur in the assembly line.

Our second need is related to the ensuring of quality at the assembly line. Three critical
drivers for ensuring only conforming unit assemblies have been identified. The figure 16

below shows the CTQ analysis for unit assembly done according to company standards.
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Figure 16. The CTQ tree for the need of assembling only working units for customer
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To ensure the assemblies are according to standards, first assembly work must follow certain
established requirements. Work instructions must cover the assembly work, visual
instructions further ensure clear understanding on how work phases are to be completed.
Any changes in assembly practices must also be quickly updated in the work instructions.
Additionally, the assembly work must follow the instructions with minimal deviation in

assembly practices and assembly outcome.

The quality of assembly line workstation areas and the included tools used in the assembly
are also a critical driver. For ensuring the principle of “correct tool in correct time”, it is
important to ensure that no additional or unnecessary tools, fasteners or other equipment are
at disposal to risk quality. The tidiness and organisation on workstations ensure finding the
right equipment and enabling standardized workflow. Finally, all used tools must be up to

date and work equipment are to be updated and recalibrated in a systematic timeframe.

As a third integral driver, assemblies must be ensured by systematic quality control practices.
This is to prevent that any mistakes in assemblies pass into complete units. Between separate
assembly phases, a quality check is needed to ensure that the previous work phase is finished
as intended by the work instructions. It must be also clear on where a work phase starts and
where it ends. In an assembly area of several different workers, with breaks during the shift,
an assembler must be sure, what parts of the assembly are finished and what is to be done

next when arriving at the workstation.

The last quality process need is addressing to those cases, where something goes wrong. It
1s important to avoid making the same mistakes consecutively. When facing a quality issue,
the root-cause of the issue must be verified, and wrong practices corrected to avoid repeating
similar mistakes continuously. Ideally the process makes any mistakes positive learning
opportunities to gain greater quality in the future. The drivers can be categorised with three
different informative data drivers. The figure 17 shows the CTQ analysis for ensuring not

repeating mistakes in the production process.
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Figure 17. The CTQ tree for ensuring defects do not repeat
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To have a standardized quality control in testing and to gain as much insight from production

defects as possible, the testing of units and troubleshooting of failure modes must be as
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standardized as possible. The visual check done before unit functional testing must be
organized, carefully instructed, and done with enough coverage to find critical unit defects.
Fault reporting need to be clear and transparent to have as much as possible quality data of
production defects. Different unit failures need different actions, therefore there needs to be
a large coverage of instructions on how different testing personnel do unit failure

troubleshooting and identify correct corrective actions for several different kinds of cases.

The available data given from the production testing must be utilized to avoid consecutive
mistakes. Similarly, meaningful actions must be implemented when unit failures have been
reported. To succeed in this, there must be a clear way on how feedback of assembly quality
is passed along the production personnel. In addition of the sharing of feedback, any
identified needed changes to production processes, unit design or working methods must be

done based on production testing data.

As a supportive function in investigating component errors, ideally the laboratory analysis
results should support the productions own processes. Any component errors found in the
components in laboratory analysis that can be traced to productions own malpractices must
be shared along the assembly line and corrected. To support this, the communication paths

of these separate functions must be timely and transparent.

The proposed CTQ’s gathered in this phase along with the observations made from the
quality data point us already important categories in which process improvement actions
must be considered. These findings will be looked in closer detail in the Analyse phase, so

that real root-causes for quality issues can be pinpointed.

3.3 Analyse

In the Analyse phase, we will gather the measured statistics and process performance input
established on the Measure phase, dive into the root-causes of the quality performance issues
and create a base on which targeted quality-enhancing actions can be put to place. At the
centre of the Analyse phase are PFMEA’s linked to the CTQ’s found in the Measure phase
failure modes which are related to them. The PFMEA’s will also later be used in the Improve

phase while putting in place the corrective process actions.
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In this phase we will also look more closely at the observations made from component- and
assembly-related testing defects shown in the Pareto-chart in the chapter 3.2.2. figure 14.
Component failures consist of mostly identified malfunctions of several different types of
electrical components, whereas wiring defects are the reason for most of the assembly-
related defects. In this chapter, we look for evidence of what is causing this, also making

possible links to the identified CTQ-factors and their potential failure modes.

3.3.1 PFMEA of production CTQ’s

We will create three PFMEA tables in which the 21 identified CTQ’s and their potential
failure modes are analysed by grouping them similarly as they were identified in the CTQ-
analysis in chapter 3.2.3. The first table of failure modes linked to the processes’ need of
“only conforming components are used in the assembly” is illustrated below in table 4. In
most cases, several failure modes have been identified for each CTQ-factor. It is important
to note that only failure modes root-causes which are related to productions own processes

are listed in the PFMEA.

Table 3. PEMEA of the identified need: “only conforming components are used in the assembly”

CTQ Potential Potential S Potential cause (0] Current process RPN
failure mode effect of of failure controls
failure mode
Non- Ineffective
conforming communication 4 Daily management 168
units
No standard
Information of a = Disturbance in protocols or actions Production support
defect is not assembly line 7 not done per 6 & reclamation 168
communicated process protocol process
forward in
production Defective is not Quality checks &
Supplier is Defective unit identified by the 7 unit testing 98
informed reaches assembler
quickly about customer
quality defects Non-
conforming Defective is not Quality checks &
units identified by the 7 unit testing 98
assembler
The defect orits = Disturbance in
cause is not assembly line 7
identified process Material
properly specification is
lacking or 4 Production support 168

misunderstood



Corrective
actions are
transparent with
suppliers

Defects related
to logistics are
communicated
and corrected

Storage and
handling are
done according
to material
requirements

Reclamation
process flows
slowly

Supplier fails to
correct
defectives in
time

Corrective
actions happen
very slowly

Reoccurring
logistics-related
defectives

Improper
general storage
and handling
procedures

Storage and
handling are not
done according
to special

Defective unit
reaches
customer
Disturbance in
assembly line
process

Material
availability
issue

Production stop

Disturbance in
assembly line
process

Material
availability
issue

Production stop

Disturbance in
assembly line
process

Material
availability
issue

Production stop

Reoccurring
logistics-related
defectives

Non-
conforming
units

Disturbance in
assembly line
process

Defective unit
reaches
customer
Non-
conforming
units

Disturbance in
assembly line
process

Defective unit
reaches
customer
Non-
conforming
units

Defect identification
takes a lot of time

Defect description is
lacking or
misunderstood

Information of
defect is poorly
communicated to the
supplier

Defects are not
identified on time

Information of
defect is poorly
communicated to the
supplier

Defects are not
identified on time

Poor channel of
communication on
logistics defectives

Logistics work
instructions are not
up to date

Challenges in
logistics concept

Logistics work
instructions are not
up to date

Limited storage
space

Logistics work
instructions are not
up to date

Material
specifications &
production support

Reclamation team
handling

Supplier

communication

Quality checks &
unit testing

Supplier
communication

Quality checks &
unit testing

Reclamation to
logistics & Quality
co-operation

Quality co-operation

Audits and
instructions

Quality co-operation

Quality-instructions
& co-operation

Quality co-operation

50

56

84

112

84

112

84

126

252

168

252

140

252



Material quality
requirements
are clear to
personnel

Clear process of
erasing
defective
material batches

material
requirements

The defect or its
cause is not
identified

properly

Batches of
defective
materials are
not properly
cleared from
production

Handling of
defective
materials
creates
disturbance in
production and
stock

Disturbance in
assembly line
process

Defective unit
reaches
customer

Non-
conforming
units

Disturbance in
assembly line
process

Defective unit
reaches
customer

Disturbance in
assembly line
process

Material
availability
issue

Production stop
Disturbance in
assembly line
process
Material
availability

issue

Production stop

Extra caution is not
practiced with
fragile materials

Defective is not
identified by the
assembler

Assembler does not
know critical-to-
quality requirements

Material
specification is
lacking or
misunderstood

Defective clearance
lacks a reliable
process

Production
inventory,
warehouse or
supplier inventory is
not checked

Crucial stakeholders
get information too
late

Error in inventory
stock

Conforming and
non-conforming
materials are not
separated

Quality guidelines &
Quality co-operation

Quality checks &
unit testing

Assembler training,

quality checks &
feedback

Production support

Production support
& work instructions

None, might get
noticed

Production support
& reclamation
process
Reclamation team

handling

Production support

51

168

98

175

168

252

272

140

336

210

Of the many possible failure mode effects and root-causes in the table above, a few score a

higher RPN, indicating priority in process improvement needs. These are related to:

- Lack of clear process steps in clearing out defective material batches from production

- Errors in material quality issue communication in production

- Lacking work instructions given to logistics

- Short- and long-term errors in material inventories, causing material availability

issues in material quality defect scenarios.
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In worst case scenario, any of the listed failure modes can cause severe disturbance in the

normal production process, stop production due to material shortages or end up with a

defective unit at the customer, if the defect is not detected in quality check or production

testing.

Next, we will look at a PFMEA of the CTQ’s for the need of “Ensuring the unit assemblies

are conforming and according to our standards”. The PFMEA is posted below in table 5.

Table 4. PFMEA of the identified need: “Ensuring the unit assemblies are conforming and according to our

standards”

CTQ

A clear step-by-
step process in
new assembler
training

Potential

failure mode

New assemblers
are not properly
trained

Assembler work
practices have
high variety

Work
instructions are
not up to date

Potential
effect of
failure mode

Non-
conforming
units

Disturbance in
assembly line
process

Assembly
mistakes

Quality checks
at assembly line
not properly
done

Defective unit
reaches
customer
Variating unit
quality

Varying unit
assemblies are
more difficult to
inspect

Non-
conforming
units
Disturbance in
assembly line
process

Variating unit
quality

Non-
conforming
units

S

Potential cause

of failure

Rushed training
process

Non-standard
training

Critical part of
training missed

Non-standard
training

Work instructions

not clear enough

Personal preferences

are used against

instructed ways of

assembly

Work instruction

update lead-time is

too long

Work instruction
update is

(o)

Current process

controls

Supervisor guidance
& senior-assembler

training

Supervisor guidance
& senior-assembler

training

None, might get
noticed

Supervisor guidance
& senior-assembler

training
Observations in

production

Quality check &
feedback

Daily management

and info sessions

D

RPN

200

240

288

180

120

54

252

210



Visual step-by-
step work
instructions are
up to date

Assemblies are
standardized

with no notable

variations

Only required
tools and
equipment at
workstations

Organization
and tidiness in
workstations

Work
instructions are
not easily
available or are
unclear

Assembler work
practices have
high variety

Workstations
have additional
tools, or a tool
is missing

Wrong fasteners
are picked to
the workstation

Tools and
equipment are
misplaced

Varying unit
assemblies are
more difficult to
inspect
Disturbance in
assembly line
process

Variating unit
quality

Non- 7
conforming
units

Varying unit
assemblies are
more difficult to
inspect
Variating unit
quality

Varying unit
assemblies are

more difficult to 6
inspect

Non-
conforming
units
Non-
conforming
units

Disturbance in
assembly line 7
process

Defective unit
reaches
customer
Non-
conforming
units

Disturbance in
assembly line 7
process

Defective unit
reaches
customer

Disturbance in
assembly line
process

Non-
conforming
units

forgotten/poorly
communicated

Visual work
instruction has an
error or is vague

Work instructions
are scattered in
many places

Non-standard
training

Work instructions
not clear enough

Personal preferences
are used against
instructed ways of
assembly

Error made by an
assembler

Workstation is not
organized to verify
that only correct
tools are at place

Error made by an
assembler

Several similar
fastener types

Error made by an
assembler

Workstation is not
organized to verify
that only correct
tools are at place

Quality checks &
unit testing

Observations in
production

Production support

Supervisor guidance
& senior-assembler
training

Observations in
production

Quality check &
feedback

Quality check &
unit testing

Workplace audits,
workstation cleaning
& observations in
production

Quality check &
unit testing might
detect the issue

Work instructions,
quality check & unit
testing

Quality check &
unit testing

Workplace audits,
workstation cleaning
& observations in
production

53

112

343

180

120

54

63

168

168

168

63

120



Working tools
are maintained
and calibrated
systematically

Systematic
quality control
is done between
assembly
phases

Work phase is
always
completed from
start to finish

In this PFMEA several similar high RPN’s were found related to:

Unintended
waste gets into
the assembly

Tool
maintenance
and calibration
not done

Quality check
does not detect
an error

Quality checks
have varying
quality

Assembler
misses a work
phase

Non-
conforming
units

Disturbance in
assembly line
process

Defective unit
reaches
customer
Non-
conforming
units

Disturbance in
assembly line
process

Defective unit
reaches
customer

Production stop
Non-
conforming
units

Rework needed

Defective unit
reaches
customer
Non-
conforming
units

Rework needed

Defective unit
reaches
customer
Non-
conforming
units

Rework needed
Defective unit

reaches
customer

Workstation
cleanliness is
poorly/hardly done

Maintenance work is
poorly executed

Maintenance and
calibration lack a
systematic program

Quality check
instructions are
lacking

Quality check is
improperly executed

Quality check
instructions are
lacking

Quality check is
improperly executed

Non-standardized
assembly process

Assembler comes to
the workstation from
a break, and it is not
clear what part of

assembly is finished

Workplace audits,
workstation cleaning
& observations in
production

Observations in
production

Maintenance and
calibration program

Unit testing

Unit testing

Unit testing

Unit testing

Unit testing &
quality check

Quality check

- Room for improvement in systematization of new assembler training

- Update lead-time of work-instructions

54

168

64

64

240

192

240

192

240

96



- Work instructions and guidelines are partially scattered in many places

Not fully standardized quality-process in the assembly line

Un-organized workstations and the cleanliness of workstations

Instruction coverage on quality checks between the assembly phases

55

The third and last PFMEA in table 6 below is linked to the need of “If a defect is found in

testing, the root-cause must be identified and corrected”.

Table 5. PFMEA of the identified need: “If a defect is found in testing, the root-cause must be identified and

corrected”

CTQ

Visual check instructions
detect critical assembly

Fault reporting is clear and
transparent

Instructions for failure
mode troubleshooting and
corrective actions

Potential

failure mode

Visual check
misses a critical
assembly defect

Fault reporting
does not
correlate to the
actual found
defect

Failure to
identify the
correct problem

Wrong
reworking
instructions
given by the
testing
personnel

Potential
effect of
failure mode

Non-
conforming
units

Lost testing
capacity

Defective unit
reaches
customer

Quality data is
incomplete

Laboratory
analysis is hard
to conduct

Possibility to
miss
improvement
need
Additional
troubleshooting

Additional
rework

Missed testing
capacity
Additional
troubleshooting

Additional
rework

S

Potential cause

of failure

Testing personnel
error

Visual check
instructions are not
up to date

Fault report
structuring is vague

Instructed ways of
reporting are totally
or partially missing

Testing personnel
training is lacking

Failure
troubleshooting
instructions are
incomplete

Failure
troubleshooting
instructions are
incomplete

Error in
communication

(o)

Current process

controls

Unit testing

Unit testing & audits

Fault reporting
template and quality
data

Fault reporting
template and quality
data

Fault reporting

template and quality
data

Unit testing, might
get noticed

Unit testing, might
get noticed

Unit testing

RPN

64

80

150

150

150

280

280

100



An organized process of
assembly quality feedback

Processes, unit design and
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In the last PFMEA analysis, most notable failure modes root-causes were identified to be:

- Ineffective information sharing between component analysis and production
- Lack of a transparent process for sorting out systematic errors made in production

- Inorganization in the assembly quality feedback process

3.3.2 Analysis of electrical component failures

The coverage of production testing failure troubleshooting instructions

A more detailed look at PCBA, semi-conductor and other electrical component failure

categories did not give more detailed indication of certain components failing at

considerably higher rate than the others. These components are always assembled in certain

few workstations, by all assemblers so no more detailed takeaway can be taken.

However, feedback gained from component analysis lab indicated that many electrical

components are wrongly believed to be faulty. There still are traces of mechanical damage

in some inspected components caused by either mishandling in logistics or assembly line. In

the PFMEA’s handled in the previous chapter. information sharing between electrical

component analysis and production as well as logistics handling instructions were noted as

risky failure modes. Better data sharing on conducted component failure analysis, focus on
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careful handling of fragile components and added transparency in verifying and correcting
errors of working based on the component analysis feedback are important topics. These
give more clarity in sorting and possibly correcting malfunction issues of electrical

components used in units.

3.3.3 Analysis of wiring error failures

In the Measure phase we identified 81 wiring errors causing testing defects in the production
during the year 2023. These in total caused the bigger part of assembly-related testing
failures. After looking in more detail into the wiring error failures, it was identified that most
of the wiring errors were done on only three workstations. A pareto chart below in figure 18
shows that 31 assembly errors were made in sub-assembly 4 with sub-assembly 3 and final-
assembly 5 also creating a noticeable amount of wiring errors. This indicates a strong signal
that some particularities in the workstations seem to create a lot of wiring-related defects.

The rest of the workstation have created hardly any wiring mistakes.

Wiring errors per workstation (2023)

100 %
90 %
80 %
70 %
60 %
50 %
40 %
30%
20%
10 %
0%

Figure 18. Pareto chart on the number of assembly errors made per every workstation in 2023

It is also notable that comparatively, the workload of the workstation causing most errors is

lighter compared to other stations. This workstation is often distributed between several
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assemblers to divide the workload on the assembly line. In the PFMEA of 3.1.3, related to
assembly we already identified a risk in assembler training, assembly work instruction
availability and quality check process instructions. While addressing these issues in a larger
scope across the assembly line, aimed actions must be considered to the workstations causing

most assembly-related defects.

3.3.4 Results of Analyse

The thorough PFMEA analysis and finding the most critical failure mode root-causes gave
us a much more detailed understanding on where process improvement actions are most
direly needed. The PFMEA analysis found some possible links to the several testing failures
related to fragile electrical components as well as many risks related to assembly process
and missing critical-to-quality subprocesses. Additionally, we tracked a large amount of
assembly-related testing failures linking into few specific work phases, in which wiring

errors have often been made.

Now, when possible, root-causes for quality related issues in production have been found
and the most critical have been identified, we can move to Improve-phase. In Improve-phase

we will form specific process improvement actions based on findings made in this chapter.

3.4 Improve

After analysing potential root-causes for various production quality failure modes with the
PFMEA’s gathered in Analyse, we derived to a clear understanding on factors behind quality
risks and process weaknesses. In the Improve phase, we plan to gather, plan, and execute
focused process improvement actions based on the analysed root-causes. Through this,

process quality can be systematically improved.

The methodology in this phase is based on gathering a small team of production team
specialists. Results of the previous phases will be presented to the team and the team starts
to brainstorm any possible actions countering the quality issue root-causes. From the
brainstorming sessions, the executable actions will be listed, examined, prioritized, planned,

and executed in the production. During and after executing the improvement actions in the
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production processes, the team will continue to plan and put to place control methods for

maintaining the expected positive quality results in the Control phase.

3.4.1 Brainstorming improvement actions

The brainstorming session started with gathering a team of four production team members
specialized in process improvement tasks and being familiar with all the production
processes. The work continued with the presentation of the whole executed Define, Measure
and Analyse steps and their respected results. After that the PFMEA’s as well as the derived

key points summarized in the chapter 3.3 were looked more closely.

The team continued to systematically go through every key finding and through a free-flow
conversation, pitching and complementing each other’s ideas listing potential ideas. The
ideas were listed by grouping ideas intended to counter certain CTQ failure mode and/or
root-cause. At this point, no idea was scrapped as impossible or overly optimistic. The major
goal for the initial brainstorming sessions was to gather as much potential improvement

actions as possible.

After the brainstorming sessions, a total of 33 ideas were listed. The ideas varied between
already mature and complete ideas and smaller seeds of ideas, some having possible
synergies between one another. Several improvement action solutions were examined to
monitor all the key points derived from the root-causes of the Analyse phase. It was noted
that while few process actions conflicted with each other, many of the listed ideas were
linked in some ways between each other. The team decided to group, fine tune, and select

the best and most executable ideas in a separate session.

3.4.2 Selected actions

Applicable process improvement actions were generated through a review of the
brainstorming session results from the previous step. The CTQ themes and brainstormed
action ideas were reviewed in more detail, looking into how, when and with what resources
different action points could be executed. Most importantly, the team considered which of
the listed ideas would show real benefits compared to the acknowledged failure mode root

causes of the PFMEA’s.
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Some of the potential actions were scrapped at this stage due to reasons related to very slow
possible implementing timeframe, not enough evidence on achievable results on product
quality and the PFMEA RPN, or simply in cases where another action seemed to have similar
action points with greater potential results. Also, many of the listed ideas were found to have
synergy with each other and at this stage the team also merged smaller ideas into more
cohesive process improvement action suggestions. Finally, a total of 18 viably achievable
process improvement actions were formed in the idea selection session. The actions are
gathered in the appendix 2 with the major points of the actions, expected benefits from the

actions and the deliverable outputs from performing the actions.

The selected actions range from one-timed communication actions, to updating and
documenting already used production processes and creating and revamping totally new
working processes. The actions range from process instructions from production disruption
clearance to production line quality control and communication improvement actions both
inside the production team and from the production to crucial stakeholders such as

component analysis laboratory and the logistics.

The listed actions entail several different action steps, but a central theme between different
actions is to form a plan, agree on the best possible solution, execute, and document process
improvements, follow the new process, and set up appropriate control methods to support

the new process flows. These control methods will be detailed later in the Control phase.

3.4.3 Prioritization and timeline for process improvements

After actions were selected, due to the large number of different ideas deemed worthwhile a
proper prioritization of the task timelines was seen necessary. To complete this, a
prioritization matrix was used to assess the expected effort and impact of each task. The
prioritization matrix was done with assessing three quality characteristics, quickness to
complete the task (how fast a ready implementation can be done), easiness to complete task
(with how small group implementation can be done and how little number of people and
their work are affected) and the perceived positive impact gained from the task. The
characteristics were given different multipliers (2 for quick, 3 for easy and 5 for impact) and
each task were given a rating ranging from 1 to 10 based on how each task was seen

compared to the different characteristics. The table 7 shows each task ranging from best to
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lowest score with their respectable ratings for quick implementation, easy completion, and

impact on process quality performance.

Table 6. Prioritization matrix for the selected improvement actions

Task

1: Managing of
additional short-term
work instructions

2: Going through the
findings of assembly
quality data to
production personnel
3: Quality check and
quality feedback
processes

4: Standardized process
flow for clearing
defective materials
from production line
and inventories

5: Systematic
monitoring and
resolving tool for
systematic defects in
production

6: Reorganising work
instruction management
for changes of the
production line

7: Standardized
assembler training

8: Process for the
communication of
material quality issues
outside the production
9: Reporting system for
testing area and
component analysis lab
communication

10: Focused auditing
and reviewal of work
instructions for critical
workstations

11: Systematic way of

reviewing quality data

Quick (2x)

10

Easy (3x)

10

Impact (5x)

Total

72

70

69

67

65

63

63

63

63

63
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to pinpoint and

communicate 5 6 7 63
systematic quality

errors

12: Testing area failure

trouble-shooting 4 3 9 62
process and instructions

13: Organising and

using of fasteners at the 7 7 5 60
production line

14: Collective actions

to improve

communication with

logistics and to ensure 5 4 7 57
specified and utilised

work instructions for

logistics are up to date

15: Project to enhance

fragile electrical

component handling in 5 4 7 57
logistics and the

production

16: Systematic process

for finding deviations in 4 4 7 55
material stocks

17: Update and review

6S practices in the 4 5 5 48
production line

18: Production line

communication system

to alert on production 3 2 5 37

disturbances

The ratings were given with the following criteria: Quick score was high for tasks which
could be executed and completed in a short timeframe with low scores been given to tasks
which could not be completed in a short time. The expected lead time for each task was also
relating to the score. Easy scored high for tasks which could be completed with lower
trouble, with lower number of executors to the task and with tasks which would impact a
smaller number of people. Any relevant risks and possible impacts were also reflecting the
Easy rating. Impact was rated based on expected positive impact the action would most likely
result in. The action’s possible impacts to the PFMEA failure-mode root-causes and their

respective RPN numbers factor a lot on this rating.
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After completing the prioritization matrix, the tasks impacting most with the relative
quickness and easiness of implementation could be found. It was agreed that the 18 tasks
were grouped into three different priority categories. First six tasks listed from the top of the
table would be performed first, next six a little later and the last six tasks and their
implementation will be decided and performed later in the future. This was done to ensure
smooth transition of the improvement actions, avoiding trying to improve everything at the

same time, causing non-necessary confusion and difficulties in implementation.

Based on the prioritization and grouping of tasks a preliminary timeline was planned. The
timeline is seen below in table 8. First process improvement actions are planned and
implemented in the months of May and June, monitoring and adjusting of the new processes
is done for the remainder of summer months and expanding changes to other production line

will be done later in 2024.

Table 7. Planned timeline for improvement actions by group

May June 2024 July & Fall 2024 Winter 2025
2024 August 2024 2024/2025
Monitoring, Implementing
Tasks Planning Implementation  reacting and changes to
1-6 and planning changes if other
controls needed production lines
Monitoring, Implementing
Tasks Implementation = reacting and changes to
712 Planning and planning changes if other
controls needed production
lines
Monitoring, Implementing
Tasks Implementation  reacting and changes to
13-18 Planning and planning changes if other
controls needed production

lines

The timeframe for singular improvement actions might be altered from the plan based on
specific factors or restrictions in the completion of actions. The suggested timeline is given
to give a clear structuring on what way the bigger picture of process changes will be

managed. Likewise, in some of the actions, it is more beneficial to complete the same
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changes at the same time at all production lines. This and the specific timeframes will be

considered in more detail in the Control phase.

In the scope of this research report the planning, implementation, control methods and
monitoring are inspected to only selected two tasks of the first group of process improvement
tasks (Task 1 and Task 3). The rest of the tasks are planned and implemented according to
the suggested timeframe above but can’t be covered because of scope and timeframe

restrictions.

3.4.4 Updated PFMEAs

After the execution of selected process improvements has been agreed and a timeline for
different improvement steps have been planned, we can look at the expected results possible
to be gained after the adoption of fine-tuned production processes. Tables in appendices 2,
3 and 4 are recreation of the tables 3, 4 and 5 with updated process controls and resultingly
modified severity, occurrence, and detection rankings for the different process failure causes.

The results for the first set of PFMEA is seen in appendix 2.

It is to be noted that different improvement actions will be done with varying timeframes.
This is why the table below has updates highlighted with varying colour codes. Parts
highlighted in green are actions and related results in the failure mode analysis which are
expected to be completed during the summer 2024. Blue highlights mark improvement
actions executed in fall 2024 and purple colour codes actions and gained results during the
following winter. In some failure mode cases we can expect a gradual improvement with

short-term and longer-term actions to improve the RPN more significantly in the long run.

As a result, we can expect drastic shift in the total RPN ratings ranging from short-termed,
to later phase process improvement actions and newly adopted processes. Most, if not all,
high RPN’s are mitigated with lower occurrence and higher detection rates for the possible
failure modes covering nearly all the different failure modes. This predicts great results in
the possible lower impact of process failure modes and similarly great improvement on

production quality.
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Next, table in appendix 3 shows the updated PFMEA table for the need: “ensuring the unit
assemblies are conforming and according to our standards” after the updated process

improvements.

From the table above we can also see that the most prioritized risks in the assembly process
can be mitigated quite effectively. Most notably work instruction management updates,
assembly training standardization and updated quality check model affect significantly the
most difficult process failure-mode root-causes. We can safely expect that the process
improvements and new standardized working models improves assembly quality of

production significantly.

Appendix 4 shows our final updated PFMEA related to the original need for “If a defect is
found in testing, the root-cause must be identified and corrected”. Again, in this table, clear
improvements on the production process’s potential failure mode’s occurrence or detection
can be made with process and tool improvements in the production and it’s supporting
functions. In these failure modes, mainly systematic process fault clearance tool, updated
failure troubleshooting process along with its instructions and the shared reporting tool

between production testing and component laboratory counteract the possible failure modes.

3.4.5 From planning to implementation

First six prioritized tasks have been planned between the production team in detail. The set
targets and outcomes along with the needed changes for the process change have been
discussed and agreed upon to let us move along with the implementation. The
implementation, testing, iteration, and verification that a process improvement has been
successful is done separately for each process improvements task depending on time
restrictions and specific needs of each of the tasks. The cycle of Plan/Do/Check/Act will be
applied during the implementation and monitoring phases of each of the tasks. This is done
to ensure that nothing during the implementation risks the aimed benefits of each respective
process improvement. More so, it builds a ground on continuous improvement of quality

processes.

Now we will explain some of the already launched improvement actions, starting from the

Task 1: Managing of additional short-term work instructions. It was agreed on the production
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team that any possible fast assembly instruction changes will be collectively maintained as
appendix documents complimenting the official production assembly instructions. Every
alteration of working instructions is documented on a manual document, shared within
production daily management meetings, and provided as an additional instruction document

in the respective workstations.

The documents are maintained until the instruction is deemed dated or when an official
revisioning of the work instruction documents are made. In this event, the instructions are
altered based on the additional instruction change and the complementing instruction
document can finally be deleted from the production. This process improvement enables
short- and long-term management of any production work instructions and ensures

assembler instructions are managed collectively and are always up to date.

In the Task 3, the quality control in the production line and assembler feedback have been
improved as separate new sub-processes. The quality control for the assembly line is
performed by following the steps illustrated below in Figure 19. Quality control checklist
and visual inspection guide have been established as additional process tools to support the

projected process.

ol
control checklist

Assembly is
corrected by the
previous assembler

Figure 19. Quality control and assembly process

The quality control checklist is a physical paper copy of all the unit assembly phases listed.
For each step there is a checkbox for signing work phase as completed and signing that the
previous phase has been checked. Two different assemblers sign the respective boxes when
assembly phase or quality check has been completed. The visual inspection guide is a visual
instruction document which divides the checking of the critical assembly steps in a logical
and visual order. These instructions complement the assembly instructions to help even new

assemblers to be able to perform effective quality control.
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The assembler feedback process is a process to ensure lesson learning from any self-made

mistakes done in the assembly production. The process does two things:

1.

Makes sure the assembler who has made a mistake or missed critical part in quality

control gets constructive feedback

Sharing of assembly errors of the production anonymously, but also generally for the

rest of production personnel

The process performs with the following roles and action steps in any case of assembly-

related mistake:

1.

2.

3.

4.

Assembler finding a mistake verifies the root-cause and takes a picture of the

encountered assembly mistake.

A picture, description of the error and unit-related identifier are shared to a common

daily management forum of the production by the assembler

Production supervisor verifies the personnel who have made a mistake and gives
constructive feedback. After this the supervisor ensures and verifies that the personal

feedback has been given

Production supervisor goes through any assembly-related cases generally for the rest

of assembler personnel in the next day’s daily management meeting.

The planning of the first listed tasks on the implementation timeline has started, following

with the same systematic implementation, setting of control methods, monitoring of

progress, and making of adjustments when needed. A plan of the result verification of the

process improvements as well as the control method plans will be covered further in the

Control phase.

3.5 Control

In the final phase of DMAIC, the Control phase we will establish, describe, and follow how

the final resulting process improvement actions of the previous phase are sustained. Most

importantly we want to assess how achieving the quality targets of production can be

maintained in long term. Achieving this also enables us to systematically carry on with
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improving and fine-tuning the production processes. Verified long-term improvements will
also drive us to adapt new production models to other production lines and thus scale the

process improvements across the production area.

This chapter goes through the Control plan for the production quality process improvements
also showcasing the status of the improvement plans and the outlook of the improvement
timeline. The Control plan described below and split into four parts will generally be adopted
to all process improvement actions with additional sidenotes considered to specific
improvement actions and their control needs. The four parts of our Control plan are

Standardization, Documentation, Monitoring plan and Response plan.

3.5.1 Control plan — Standardization

Standardization part of the Control plan of process improvement actions include measures
on what, how and by whom will be done. The aim of standardization is to agree on decided
best practices which will be the standard way of doing things with the improved production
processes. Standardization decisions have been agreed together inside the production team.
Agreeing on the methods to be standardized, possible risks and pitfalls have been considered.

With this, the goal is to find the most suitable and least problematic solution.

For ensuring standardization, Standard Work for different parts and roles of production have
been illustrated. Each new or existing process step is carefully documented and for each
process or process step, an active owner and actor has been agreed. The owner oversees the
decision-making for the process during the improvement changes and in need for a process
modification. The actor oversees executing of the process step(s) and the role and
responsibility are clearly communicated. Lastly, in Standardization, it is agreed on how,

where and by whom, the standardization plan is documented.

3.5.2 Control plan — Documentation

In the Documentation step the Standardized methods and roles in the form of Standard Work
and established SOPs are documented collectively for current and future use. The aim of this
step is to ensure that the decisions, process steps and process roles remain documented

formally. This is done to prevent an issue of process phases slowly transforming or getting
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out of control. Additionally. well documented process instructions ensure that critical

knowledge of process phases is not collected just to the minds of few persons.

Proper documentation of new process steps and roles not only helps production personnel to
work with the new agreed practices, but also allows a documented instruction base, which
can be further improved in the future. It also works as clear reference material for new
employee training. Like in the Standardization step, the most critical parts are to document
process goals, each detailed process steps, employee roles for specific process phases and

the practices how the work must be performed.

Related to documentation, the process improvement’s specific plans, implementation dates
and the roadmap for the process improvements have been carefully documented separately.
By this, we have a collected documentation on when specific process changes have been
made. In any cases of problem (for example in Monitoring detailed in the next sub-chapter),

any deviations on process outputs can be reflected to different implementation dates.

3.5.3 Control plan — Monitoring plan

Our process monitoring in the Control plan works out twofold. Firstly, for the production
processes and the newly adopted and to be adopted process improvement actions and process
modifications listed in the Appendix 2, most of the process improvements by themselves
include a control in terms of step-by-step instructions already introduced, standardized and
documented in the previous chapters. In this regard, the adopted process models, when
working correctly, will spot out and clear possible deviations to the new production quality

processes.

Especially during and after adopting new work methods, the process effectiveness and the
working of new process models will be closely monitored by the quality function. Any
recurring or larger problems will be carefully considered and if needed, adopted process

models will be fine-tuned accordingly. This is done to meet the most complete result.

We need also a plan on how we monitor the effectiveness and working of the process models
in the short and the long term. The key process output indicators remaining to be the unit
testing FPY and assembly FPY already detailed at the start of the project, these figures

reflected on their desired levels (98% and 99,6%) remain the crucial indicators on the
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production quality. The quality statistics are monitored in daily, weekly and monthly cycles.

Any noticeably deviating observations thus will lead to a responsive action.

In addition to this, because the ultimate end goal is to gain sustainable high-quality results
in the production quality, long-term monitoring of production quality is needed. Similarly to
how we already did in the Measure phase of the project, in the chapter 3.2., a quarterly
analysis of production quality stability with the use of p-chart as well as Pareto analysis on
production quality root-causes will be conducted. First analysis will be conducted in the
following weeks, when sufficient quarter-year timeframe from the already executed process
improvement actions has passed. Any case of too much deviation in FPY statistics will be
analysed more closely, following with more detailed root-cause analysis. These actions will

be discussed in the next section, Response plan.

3.5.4 Control plan — Response plan

After spotting any possible spike in production quality metrics or process performance in
general, the responsive plan is to identify the process step in which problem occurs, identify
the root-cause for the issue and make corrective actions based on findings and process errors.
These responsive actions and the decision-making for corrective actions will be managed by

production’s quality personnel.

The main principle on the responsive actions is to identify the cause(s) of quality defects,
verify how the related process steps have been and are being performed, reflect them to the
available standardized documentation in form of Standard Work and process instructions. If
a deviation of the instructed protocols is found, work practices will be corrected. In the case
that the performed process steps are in line with the instructed process flow, corrective
actions to the instructions will be needed. In these cases, work practices will be reviewed
and altered in the method of Plan/Do/Check/Act cycle. Every time instructed ways of
working are altered, the changes will be agreed, documented and communicated to the whole

production team.

After a root-cause in production quality performance is identified and corrected, reviewed
practices are monitored closely to ensure new practices are adopted and any possible pitfalls

are identified as soon as possible. Once the situation is normalized, the following of process
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quality will be continued to be monitored in the recurring quality reviews and quarterly

detailed process stability analysis described in the Monitoring plan.

3.5.5 Current state of production quality and process improvements

The implementing pilot for selected process improvement actions has been continuing as
planned. The timeframe for different tasks was already established in chapter 3.4.3 and Table
7. The most highly prioritized actions have already been executed and are now in the
monitoring and evaluation phase where minor adjustments to process improvement end

results might be made.

In the meantime, also the following tasks have already been planned and to be executed in
the following weeks in the production. The results of the effectiveness of the whole quality
process overhaul can thus be seen in a longer timeframe. So far, increased stability and
higher average yields on unit testing quality have already been realized. Although, yet only
a short time has passed since the latest changes in production’s quality processes, we will
take a brief look at the quality results with p-charts, such as when measuring quality results

in the past in the Measure phase.

Figure 20 below shows the weekly FPY-yield, FPY-results on average and the UCL and
LCL limits for the FPY yield. During the 3-month timeframe from May to July, the weekly
FPY-yields have been very stable, close to the target of 98% in general. An abnormal
deviation from the results was found in week 29. High priority was given to investigate and
correct the reason for high number of defectives and so far, it seems that during the following
week, the quality results have returned to the usual level. The FPY results during the
timeframe on average was 97,63%. Still below the target level, but still already a great

improvement from the 2023 results (96,72%).
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Figure 20. A p-chart of production Assembly FPY during process development piloting in May to July 2024

Similar results can be seen from the Assembly FPY chart in Figure 21. In general, results
have been quite stable with many weeks passing with no assembly-related testing failures.
Assembly FPY for the time was 99,31%. Still also not quite on the target level of 99,6%, but
a very positive direction from 2023 (98,90%). The abnormal week 29 can be seen in this
figure even more clearly, due to most of the testing failures of the week were directly related

to poor assembly quality.
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Figure 21. A p-chart of production Assembly FPY during process development piloting in May to July 2024

In week 29, the production line had a few unusual scenarios, which caused changes to the
usual assembly line routine. Two different types of assembly mistakes were repeated by two
different assemblers. As a first action, direct feedback of the mistakes was given. The

following week assembly returned to normal, and no special causes were identified.

The occurrence of assembly mistakes passing the production lines quality control still has
raised the demand for further investigation to the specific assembly mistakes that were made
and on how and why the quality control in the assembly line failed to detect these mistakes.

Further discussion and analysis on these will follow to avoid such occurrences in the future.

3.5.6 Following steps in process improvements and controls

Like already mentioned, the current production practices continue via the continuous
improvement of the Plan/Do/Check/Act-cycle, standardization of new work practices, clear
documentation of new process instructions and the following process improvement actions
yet to be implemented. The performance of new process models as well as the production
quality results are in constant monitoring and responsive corrections will be made when and

where needed.

By making the correct targeted adjustments to the current processes, sticking to the newly
adopted models, trusting results can follow and acting when needed, we are confident that
the production’s target quality levels can be achieved. So far, the DMAIC project has shed
light on the productions processes, quality results, critical process parts, underlying root-
causes and effective improving actions. By taking in these findings, the production capability

can be maximised due to the positive effects in unit quality.
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4 Discussion

After the empirical part of our research, we will return to the research’s objectives and reflect
on how Production line A’s unit-quality has been improved. To summarize, our research

questions were:

1. Which processes are the most critical in achieving high quality in electrical appliance

production?
2. With which process improvement actions, the production can achieve high quality?

3. With which standardized work practices the production can maintain and further

improve producing high-quality products?

In the Define and Measure phases, we established the critical production processes and
formed the critical-to-quality process components. In total 21 critical process components
were identified. The Analyze section brought us closer in detail which of these critical-to-
quality factors have room for improvement in the existing production model. In the Improve
section, these problems were targeted with specific process improvement actions tailoring
to the perceived needs. Finally, after identifying and improving the critical-to-quality process
components, we finished the research in implementing a control plan dedicated to the
standardization of the new practices and monitoring and response plan to counteract any
implementation issues or continuous improvement needs with detailed modifications to the

updated production quality processes.

The DMAIC analysis identified several pitfalls and process improvement needs in both unit
component quality and unit assembly quality. In component quality, no clear-cut root-cause
was found. Instead, the improvement in these kinds of testing failures were found in the
general level. At the very start, one of the research’s limitations was not addressing to any
detailed technological failure topics. In assembly quality, several general observations were
made and reacted to. For example, assembly work instruction management and assembly
line quality control saw larger overhauls. In addition to this, quite repeating occurrences of
wiring defects made in few workstations was noted. This gave also indication for selected

workstation specific actions needed to put in place in the production line.
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The research has had its limitations and restrictions. Even that great quality KPI performance
results have already been demonstrated in a comparatively short time frame, there has simply
not been enough time yet to fully demonstrate the whole effect on quality this research and
the related process improvements have contributed to. In addition, a part of the production’s
intended process modifications has not been able to implement all at once. Instead, a
scheduled plan for these modifications is proposed. Due to this, all the cumulative effects of
this process improvement project can be monitored more precisely in the future. The
technical electrical engineering issues surrounding certain reported component related
testing failures also require more technical problem-solving that this research was not able

and never intended to accomplish.

The promising incline in quality KPI results of the production and the practical
standardization of newly modified production processes still does show promising results. It
seems that the research project has shown again the effectiveness of the Six Sigma and
DMAIC methodology. The results of the research solidified certain perceptions of the quality
processes that were observed already before the project. More than that, the research and its
results shed light to new details and possible ways to continuously improve unit assembly
of the production. The work this research started will be continued with the PDCA
methodology and the resulting process modifications will be implemented to the other

production lines of the production area to further scale the available improvement in quality.
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5 Conclusions

This research was started to conduct a detailed analysis and improvement model to electrical
appliance production quality improvement. During the research we identified the critical-to-
quality factors and the most quality-affecting process components. These findings directed
us to execute carefully considered process quality improvements and finally encouraged us
to sustain these improvements in production processes by standardized work methods and

continuous improvement in daily production performance and management.

The research process included available data of unit testing quality and its deviations. This
data and resulting conclusions were complemented by detailed participating observations on
process and sub-process performance and identification of the most critical factors and their
effectiveness in daily use. Towards the end of the research at the Improve and Control
phases, the whole production team participated by assisting in planning and executing
process improvements in production’s processes and finally by working to sustain the

desired key process changes.

The work done here could very well be complemented with additional research in the future.
The scaling of similar process improvement concepts to other production areas for achieving
similar process quality improvements is a venue worth investigating. The gathered data of
unit testing failures and their observed root-causes offer a vast collection of problems
requiring also a more technical way of problem-solving. Addressing these technical issues,
especially the most frequent ones, in a similar, structured way would no doubt again improve
greatly the results of the quality KPI’s, daily production work along with its processes and

finally even greater customer satisfaction and value.
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Appendix 1. Process quality improvement action tasks generated in the Improve phase

Task

Key points

Benefits

Outputs

Standardized process
flow for clearing
defective materials
from production line

and inventories

Production line
communication system
to alert on production

disturbances

Process for the
communication of
material quality issues

outside the production

Establishing a standard
operating procedure
when defective units are

found in production.

Utilizing different
production and
production support
members to effectively
communicate and erase

material disturbances

Creating a new
communication system
informing on any
production line
disturbances, including

quality issues

Defining a clear process
flow in the
communication and
clearance of material
quality issues to
external warehouse and

material supplier

Provides a clear
communication channel

on issues in production

Clears the functions of
different roles to erase
issues in production line

more effectively

Allows to deal with
production issues more
quickly -> less
disturbances in

production line

Increases production
quality and productivity
Provides a clear
communication channel

on issues in production

A tracking system for
any production issues to

monitor issue solving

Increases production
quality and productivity
Faster quality issue

clearance

Ensuring of the
clearance of defect root
causes and that quality

issues don’t continue

Definition of different
production team roles
during material quality

issues

A detailed process flow
diagram to illustrate the

suggested process

Document the roles and
responsibilities for the

standard procedure

Apply the reinvented
process practices

between team members

An implemented
communication
management system in

production

Designing the system

and needed applications

A detailed process flow
on how production
quality support will
manage and
communicate material
quality issues to

external stakeholders



Systematic process for
finding deviations in

material stocks

Collective actions to
improve
communication with
logistics and to ensure
specified and utilised
work instructions for

logistics are up to date

Implementing a
systematic real and
stock count check
process as a part of
production planning

development

Improving the
utilisation of quality co-
operation with logistics

partner

Checking that specified
logistics concepts given
from production line are

up to date

Checking and updating
handling requirements
for critical and fragile

components

Ensuring that logistics
partners worker training

process is up to standard

Instructing production

line workers to correctly
document and alert from
any defectives related to

logistics practices

Increase the coverage of
the instructions for new

assembler training

Material stocks up to

date

Less issues with
unexpected material

availability scenarios

Component quality

Continuous
improvement of

production line logistics

Transparent data of
logistics handling
quality

Avoiding waste with
effective co-operation

channels

Standard and high-
quality training for new

assemblers

A structured and
organised process for
checking material

stocks.

Tasks for the material

inspector role applied

Communicating and
monitoring logistics
issues and their

resolving

Going through material
category logistics’
instructions and

updating the instructions

Special instructions for
handling fragile

materials

Reviewing
documentation of
logistics worker’s

instructions

Instructing production
line workers on how to

report logistics defective

Training manual for

assembler training



Standardized

assembler training

Reorganising work
instruction
management for
changes of the

production line

Training to be held to
senior assemblers to
qualify as assembler

trainers

Checklist to ensure all
needed training
practices have been

fulfilled

Instructions for the
supervisors to monitor

training process

Include and explain
practical scenarios
during the training
process

Reinventing on how
production changes will
be managed and
implemented at the

production line

Communication and
instruction for changes
through daily

management channels

Monitoring and
modifying old work
instructions when

needed

Creating additional
instructions for
assembly related to
short-term or changing

work changes

Increased safety and

quality in the production

Ensuring all needed
points have been
covered during the

training

Give production
supervisors better tools
to ensure training is well

done

Recent work
instructions are known
by whole production

unit

Smoother application of

new work instructions

Ability to keep work
instructions up to date
even at times of larger

changes

Assembly quality

increased

Organise training events

for senior assemblers

Create a checklist to be
used during assembler

training

Instruct supervisor role

during training

Gather real-life cases to
make the training more

practical

Agreed process to be
applied during product

changes

Review all current work

instructions

Remove dated work

instructions

Add new additional
work instructions if

needed

Create a systematic
cycle during which
work instructions are
reviewed against current

practices



Managing of
additional short-term

work instructions

Update and review 6S
practices in the

production line

Quality check and
quality feedback

processes

Having all and only the
needed work
instructions collectively

for each workstation

Have additional short-
term instructions as
attachments to the
official work instruction

document

Systematically going
through the 6S process
in the production line to
have all tools and
fasteners at their

respective places

Maintain the organised
workstations by active
reviewing of cleanliness

in the production area

Revising the quality
check process at the
assembly line taking
account in the quality
check instructions and
the supervisory support
for supporting seamless
quality control in the

assembly line

Planning and

implementing a process

Recent work
instructions are known
by whole production

unit

Ability to keep work
instructions up to date
even at times of larger

changes

Assembly quality

increased

Productivity and quality
improved for having

tools at right places

Easier assembly work

for all assemblers

Avoiding quality defects
related to unorganised

work practices

Assembly quality

improved

Production productivity
increased with more
effective fault detection

during the process

Enabling assemblers to
improve quality of own

work

Agree on the best
solution to have
additional short-term
instructions when

needed

Agree how and by who
work instructions will

be updated

Apply the agreed

practices

Follow through the 6S

process

Check and follow
through the maintaining
surveillance of the
adopted changes and

improvements

Planning the best
practices for assembly
line quality check and

its instructions

Executing and
monitoring of the

approved process

Planning and executing

an effective way to give



Organising and using
of fasteners at the

production line

Testing area failure
trouble-shooting
process and

instructions

Reporting system for
testing area and
component analysis

lab communication

for giving straight
feedback of assembly
related mistakes as a
part of production

rework process

Checking and
improving the
placements of different

unit fasteners

Revising the process
and roles in testing area
failure mode

troubleshooting

Documenting of testing
troubleshoot and
component analysis
results to improve long-

term decision making

Creating a new
reporting tool between
component laboratory
and testing area to
systematically and
instantaneously share

findings of testing

Systematic feedback to
avoid reoccurring

mistakes

Unit quality

Assembly productivity

improved

Improving on-time

deliveries

Avoiding waste with
additional testing
rounds, reporting and
non-needed component

tests

More effective
communication between

the two units

Avoiding waste with
additional testing
rounds, reporting and
non-needed component

tests

personalized feedback

in assembly quality

Creating a task of
systematic check of
fastener replacements in
the assembly line and

fastener storage

Looking for poka-yoke
solutions to mitigate the
factor of user-based

€Irors

Conducting a pilot
phase for failure mode
analysis with hands-on
co-operation between
the testing area and lab

engineers

Documenting the results
and findings of pilot to
plan long-term
implementation of

renewed process

Specifying, designing,
and creating a reporting
tool based on shared

requirements and needs



Systematic monitoring
and resolving tool for
systematic defects in

production

Focused auditing and
reviewal of work
instructions for critical

workstations

Going through the
findings of assembly
quality data to

production personnel

Systematic way of
reviewing quality data
to pinpoint and
communicate
systematic quality

€rrors

An organisation wide
quality analysis,
reporting, monitoring
and clearance tool to
systematically follow-

up on process €rrors

Executing a focused
audit check for sub-
assemblies 3 and 4 and
final assembly 5 based
on the findings of
wiring related assembly

defects

Communicating the
latest results of
assembly-quality data
analysis to production

personnel

Implementing a periodic
way to analyse
production quality data
to pinpoint the most

repeating defects

Organising a project to
systematically review

and improve fragile

Improve unit quality
and organisation
development on many

levels

Improve the
transparency of quality

actions

Improve assembly

quality

Concentrated feedback

based on quality data

Improve assembly

quality

Improve the use of

available quality data
Continuous

improvement of unit

and process quality

Improve unit quality

Mitigate component

related defects

Designing the tool and
its development actions

in the future

Reviewal of practices
and used work
instructions for the three

workstations

Making corrective
changes based on audit

findings

Organising a session to
communicate the root-
causes for most
recurring assembly

quality mistakes

Planning a periodic
cycle for analysing

quality data

Following with focused
improvement actions

based on findings

Planning the project

scope

Reviewing current

practices and



Project to enhance
fragile electrical
component handling in
logistics and the

production

electrical component
handling in the whole
production area and

external logistics

Improve transparency of
work habits in the
production and the

logistics partner

component handling in
the production and

logistics

Addressing found errors
with improvement

actions



Appendix 2. PFMEA for the “only conforming components are used in the assembly” CTQ’s

after process improvements

CTQ

Supplier
is
informed
quickly
about
quality
defects

Process controls established through tasks: Tasks 1-6, Tasks 7-12, Tasks 13-18

Potential
failure

mode

Information
of a defect is
not
communicate
d forward in
production

The defect or
its cause is
not identified
properly

Reclamation
process flows
slowly

Potential
effect of
failure

mode

Non-
conforming
units

Disturbance
in assembly
line process

Defective
unit reaches
customer

Non-
conforming
units

Disturbance
in assembly
line process

Defective
unit reaches
customer
Disturbance
in assembly
line process

Material
availability
issue

Production
stop

Potential
cause of

failure

Ineffective
communication

No standard
protocols or
actions not
done per
protocol

Defective is not
identified by
the assembler

Defective is not
identified by
the assembler

Material
specification is
lacking or
misunderstood

Defect
identification
takes a lot of
time

Defect
description is
lacking or
misunderstood

4/3

6/2

Current
process D RPN

controls

Daily

management,
systematic

defect 6/5/3
clearance

tool &

Production
communicati

on system

168/140/63

Production

support &

reclamation

process

Standard 4 168/56
process for

defect

clearance

from

productions

Quality
checks & 2 98
unit testing

Quality
checks & 2 98
unit testing

Production

support 6 168

Material

specification

s& 4 56
production

support

Reclamation
team 3 84
handling



Correctiv
e actions
are
transpare
nt with
suppliers

Defects
related to
logistics
are
communi
cated
and
corrected

Supplier fails
to correct
defectives in
time

Corrective
actions
happen very
slowly

Reoccurring
logistics-
related
defectives

Improper
general
storage and
handling
procedures

Disturbance
in assembly
line process

Material
availability
issue

Production
stop

Disturbance
in assembly
line process

Material
availability
issue

Production
stop

Reoccurring
logistics-
related
defectives

Non-
conforming
units

Disturbance
in assembly
line process

Defective
unit reaches
customer

Non-
conforming
units

Disturbance
in assembly
line process

Information of
defect is poorly 4/2
communicated
to the supplier

Defects are not
identified on 6
time

Information of
defect is poorly 4/2
communicated
to the supplier

Defects are not
identified on 6
time

Poor channel of
communication 6/4
on logistics

defectives

Logistics work
instructions are 6/3
not up to date

Challenges in 4/2
logistics
concept

Logistics work
instructions are 6/3
not up to date

Supplier
communicati
on
Standardized
process for
supplier
communicati
on

Quality
checks &
unit testing

Supplier
communicati
on
Standardized
process for
supplier
commun iCilti
on

Quality
checks &
unit testing

Reclamation
to logistics &
Quality co-
operation
Logistics
instructions
& Improved
quality co-
operation

Quality co-
operation
Logistics
instructions
& Improved
quality co-
operation

Audits and
instructions
Updated
instructions
Quality co-
operation
Logistics
instructions
& Improved
quality co-
operation

Quality-

instructions

4

4

6/4

6/4

112/56

84

112/56

84

126/84

252/84

168/84

252/84

140



Storage

and

handling

are done

accordin

gto

material

requirem

ents Storage and
handling are
not done
according to
special
material
requirements

Material

quality

requirem = The defect or

ents are its cause is

clear to not identified

personne | properly
1

Batches of
defective
materials are
not properly
cleared from
production

Clear
process
of
erasing
defective
material
batches

Defective
unit reaches
customer

Non-
conforming
units

Disturbance
in assembly
line process

Defective
unit reaches
customer

Non-
conforming
units

Disturbance
in assembly
line process

Defective
unit reaches
customer

Disturbance
in assembly
line process

Material
availability
issue

Production
stop

Disturbance
in assembly
line process

Limited storage
space

Logistics work
instructions are 6/3
not up to date

Extra caution is

not practiced 6/4
with fragile

materials

Defective is not
identified by 7
the assembler

Assembler
does not know
critical-to- 5

o

quality
requirements

Material

specification is 4
lacking or
misunderstood

Defective

clearance lacks 6/2
a reliable

process

Production

inventory,

warehouse or

supplier 4/2
inventory is not
checked

Crucial

stakeholders

get information 4/2
too late

& co-
operation

Quality co-
operation

Logistics
instructions 6/4
& Improved

quality co-

operation

Quality

guidelines &
Quality co-
operation

Improved 4
guidelines to

fragile

components

Quality
checks &
unit testing 2

Assembler

training,

quality

checks &

feedback 5
Standardized
assembler

training

Production 6
support

Production

support &

work

instructions
Standard 6
process for

defect

clearance

from

productions

None, might

get noticed
Standard

process for 9
defect

clearance

from

productions
Production

support &
reclamation

process
Standardized 5

process for

252/84

168/112

98

175/105

168

252/84

272/126

140/70



Handling of
defective
materials
creates
disturbance
in production
and stock

Material
availability
issue

Production
stop

Error in

inventory stock 6
Conforming

and non-

conforming 52

materials are
not separated

supplier
communicati

on

Reclamation
team
handling
Material
stock
deviation
follow-up
process

Production
support
Standard
process for
defect
clearance
from
productions

8/5

6

336/210

210/84



Appendix 3. PFMEA for the “Ensuring the unit assemblies are conforming and according to

our standards” CTQ’s after process improvements

CTQ

A clear
step-
by-step
process
in new
assemb
ler
trainin
g

Process controls established through tasks: Tasks 1-6, Tasks 7-12, Tasks 13-18

Potential

failure mode

New
assemblers
are not
properly
trained

Assembler
work
practices have
high variety

Potential
effect of

failure mode

Non-
conforming
units

Disturbance
in assembly
line process

Assembly
mistakes

Quality
checks at
assembly line
not properly
done

Defective unit
reaches
customer

Variating unit
quality

Varying unit
assemblies
are more
difficult to
inspect

Potential
cause of O

failure

Rushed
training 5/3
process

Non-standard 6/2
training

Critical part
of training 4/2
missed

Non-standard 6/2
training

Work

instructions 4
not clear

enough

Personal

preferences

are used

against

instructed 3

Current
process
controls

Supervisor
guidance &
senior-
assembler
training
Standardized
assembly
training &
Training

checklist

Supervisor
guidance &
senior-
assembler
training
Standardized
assembly
training &
Training

checklist

None, might
get noticed
Standardized
assembly
training &
Training
checklist
Supervisor
guidance &
senior-
assembler
training
Standardized
assembly
training &
Training
checklist

Observations
in production

Quality check
& feedback

3

200/120

240/80

288/80

180/60

120

54



Visual
step-
by-step
work
instruct
ions
are up
to date

Assem
blies
are
standar
dized
with no
notable
variati
ons

Work
instructions
are not up to
date

Work
instructions
are not easily
available or
are unclear

Assembler
work
practices have
high variety

Workstations
have

Non-
conforming
units
Disturbance
in assembly
line process

Variating unit
quality

Non-
conforming
units

Varying unit
assemblies
are more
difficult to
inspect

Disturbance
in assembly
line process

Variating unit
quality

Non-
conforming
units

Varying unit
assemblies
are more
difficult to
inspect

Variating unit
quality

Varying unit
assemblies
are more
difficult to
inspect

Non-
conforming
units

Non-
conforming
units

ways of
assembly

Work

instruction

update lead- 6/4
time is too

long

Work

instruction

update is 5/4
forgotten/poo

rly

communicate

d

Visual work
instruction 4/3
has an error

or is vague

Work

instructions

are scattered 7/3
in many

places

Non-standard 6/2
training

Work

instructions

not clear 4
enough

Personal

preferences

are used 3
against

instructed

ways of

assembly

Error made
by an
assembler 3/2

Daily
management
and info
sessions
Updated work
instruction
management

Quality
checks & unit
testing
Updated work
instruction
management

Observations
in production
Updated work
instruction
management

Production
support
Updated work
instruction

management

Supervisor
guidance &
senior-
assembler
training
Standardized
assembly
training &
Training
checklist

Observations
in production

Quality check
& feedback

Quality check
& unit testing
6S update

7/5

3/2

252/168

210/168

112/84

343(105

180/60

120

54

63/28



Only
require
d tools
and
equipm
ent at
workst
ations

Organi
zation
and
tidines
s in
workst
ations

Worki
ng
tools
are
maintai
ned
and
calibrat
ed
system
atically

additional
tools, or a
tool is
missing

Wrong
fasteners are
picked to the
workstation

Tools and
equipment are
misplaced

Unintended
waste gets
into the
assembly

Tool
maintenance
and
calibration
not done

Disturbance
in assembly 7
line process

Defective unit
reaches
customer

Non-
conforming
units

Disturbance
in assembly
line process 7

Defective unit
reaches
customer

Disturbance
in assembly
line process

Non-
conforming
units

Non-
conforming
units

Disturbance
in assembly 7
line process

Defective unit
reaches
customer

Non-
conforming
units

Disturbance 8
in assembly
line process

Defective unit
reaches
customer

Workstation
is not
organized to
verify that
only correct
tools are at
place

Error made
by an
assembler

Several
similar
fastener types

Error made
by an
assembler

Workstation
is not
organized to
verify that
only correct
tools are at
place

Workstation
cleanliness is
poorly/hardly
done

Maintenance
work is

poorly
executed

Maintenance
and
calibration
lack a

6/4

32

6/4

6/4

Workplace
audits,
workstation
cleaning &
observations
in production
6S update

Quality check
& unit testing
might detect
the issue

Work
instructions,
quality check
& unit testing
6S update and
fastener
control
improvement

Quality check
& unit testing
6S update

Workplace
audits,
workstation
cleaning &
observations
in production
6S update

Workplace
audits,
workstation
cleaning &
observations
in production
6S update

Observations
in production

Maintenance
and

4/3

4/2

32

4/3

4/3

168/84

168

168/84

63/20

120/84

168/84

64

64



Quality check
does not

System = detect an

atic error

quality

control

is done

betwee

n

assemb

ly Quality

phases | checks have
varying
quality

Work

phase

is
always = Assembler
comple = misses a work
ted phase

from

start to

finish

Production
stop

Non-
conforming
units

Rework
needed

Defective unit
reaches
customer

Non-
conforming
units

Rework
needed

Defective unit
reaches
customer

Non-
conforming
units

Rework
needed

Defective unit
reaches
customer

systematic
program

Quality check
instructions 5
are lacking

Quality check 6/5
is improperly
executed

Quality check
instructions 5
are lacking

Quality check
is improperly 6/5
executed

Non-

standardized

assembly 6/3
process

Assembler

comes to the
workstation

from a break,

and it is not 4/3
clear what

part of

assembly is

finished

calibration
program

Unit testing
Quality check
instruction
reviews

Unit testing
Assembler
feedback
process

Unit testing
Quality check
instruction
reviews

Unit testing
Assembler
feedback

process

Unit testing &
quality check
Quality check
process
update

Quality check
Quality check
process
update

6/4

6/4

4/3

3/2

240/160

192/120

240/160

192/120

240/120

96/48



Appendix 4. PFMEA for the “If a defect is found in testing, the root-cause must be identified

and corrected” CTQ’s after process improvements

CTQ

Visual
check
instruct
ions
detect
critical
assemb
ly
defects

Fault
reporti
ng is
clear
and
transpa
rent

Instruc
tions
for
failure
mode
trouble
shootin
g and
correct
ive
actions

Process controls established through tasks: Tasks 1-6, Tasks 7-12, Tasks 13-18

Potential

failure mode

Visual check
misses a
critical
assembly
defect

Fault
reporting
does not
correlate to
the actual
found defect

Failure to
identify the
correct
problem

Wrong
reworking
instructions
given by the
testing
personnel

Potential
effect of
failure mode

Non-
conforming
units

Lost testing
capacity

Defective unit
reaches
customer

Quality data

is incomplete

Laboratory
analysis is
hard to
conduct

Possibility to
miss
improvement
need

Additional
troubleshooti

ng

Additional
rework

Missed
testing
capacity

Additional
troubleshooti

ng

Additional
rework

Missed
testing
capacity

Potential
cause of O

failure

Testing 4
personnel
error

Visual check 5
instructions

are not up to

date

Fault report
structuring is 5
vague

Instructed

ways of

reporting are 5
totally or

partially

missing

Testing

personnel 5
training is

lacking

Failure

troubleshooti

ng 7
instructions

are

incomplete

w

Failure

troubleshooti

ng 7
instructions

are

incomplete

Error in
communicatio

n between 4
testing and

rework

Current
process D RPN

controls

Unit testing 2 64

Unit testing & 2 80
audits

Fault

reporting 6 150
template and

quality data

Fault

reporting 6 150
template and

quality data

Fault

reporting 6 150
template and

quality data

Unit testing,

Failure

troubleshooti 8 280/120
ng process

update &

instructions

Unit testing,

Failure

troubleshooti 8 280/120
ng process

update &

instructions

Unit testing 5 100



A real unit

defect is
missed in
troubleshooti
ng and faulty
unit passes
testing

An

organiz

ed Assemblers

process = don’t get

of feedback

assemb ~ when a

ly mistake has

quality = been made
feedba
ck

Production
processes and
assembly
instructions
are not

Proces = changed

ses, when needed

unit

design

and

method

s are

modifi

ed

based Unit design is

on not changed

defect when needed
data

Production
Errors does not get
traced an indication
to of faulty

produc  practices even
tionare = when

shared component
and analysis has

Malfunctionin
g unit

Defective unit
reaches
customer

Non-
conforming
units

Disturbance
in assembly
line process

Continuous
defective
practices

Defective unit
reaches
customer

Non-
conforming
units

Disturbance
in assembly
line process

Defective unit
reaches
customer

Non-
conforming
units

Disturbance
in assembly
line process

Defective unit
reaches
customer

Non-
conforming
units

Continuous
wrong
practices

Missed
assembly

capacity

Unit barely
passes testing

A process of
assembly
feedback is
lacking or
totally
missing

Link between
process
mistakes and
defectives is
not identified

Old practices
remain even
when new
instructions
are needed

Link between
unit design
and
defectives is
not identified

Unit design
changes have
too long lead
times

Ineffective
communicatio
n between the
laboratory
and
production

Error
correction

6/2

6/3

Failure
troubleshooti
ng process
update &
instructions

Unit testing &
quality data
Standardized
assembler
feedback
process

Quality data
Systematic
process
improvement
tool
Reporting
system with
component
analysis lab

Unit testing
Updated work
instruction
management
Quality data
Systematic
process
improvement
tool
Reporting
system with
component
analysis lab

Production
support &
instructions

Quality
meetings
Reporting
system with
component
analysis lab

10/8

6/3

160/128

392/80

168/84/63

84/70

168/84/63

175

252/126



correct
ed

Comm
unicati
on is
transpa
rent
betwee
n
produc
tion
and
laborat
ory

identified a
fault

Production
does not get
an indication
of faulty
practices even
when
component
analysis has
identified a
fault

Missed based on
testing analyzed data
capacity is not
properly
Missed tracked
component
analysis
capacity
Non-
conforming
units
Continuous
wrong
practices
Ineffective
Missed communicatio
assembly 7 n between the
capacity laboratory
and
Missed production
testing
capacity
Missed
component
analysis

capacity

7/2

Systematic
process
improvement
tool

Quality
meetings
Reporting
system with
component
analysis lab

8

6

392/112

252/126



