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Abstract  
This thesis of 30 HP is the final part of the program Master of Science in Industrial Design 
Engineering at Luleå University of Technology, performed during the spring of 2016. The work has 
been performed at Aimpoint in Malmö, Sweden, who are world leading in the production of red dot 
sights for military and hunting applications. The company in Malmö consisted at the time of this 
thesis of about 110 employees, whereof 62 assemblers in the production. The production consisted 
of a cleanroom and packaging unit. Due to former work related injuries among the assemblers in the 
production, the objective of this thesis has been to investigate which workstations that could be 
straining on the body, and which body parts that were affected. With this information some 
suggestions for improvements through an ergonomic perspective regarding work environment and 
working postures were developed. The aim of this thesis has thereby been to lower the work-related 
injuries by improving the work environment. 

The red dot sight that is assembled by hand at Aimpoint comes in three main assembly families, 
called Hunter, Comp and Micro, which can be divided into Micro 1 and Micro 2. These three families 
are preassembled along 16 workstations before they enter their own line consisting of five 
workstations, all stationed in the Cleanroom. When the sights are assembled, these are sent for laser 
marking and packaging in the packaging area.  

The theoretical background of this thesis concerning ergonomic guidelines, common work related 
injuries, long-term sitting, the salary and Lean Production’s affection on the body, contributed to a 
good foundation of this project. Through a questionnaire and interviews, information could be 
gained about the workload in the production from the assembler’s point of view. From further 
methods such as HTA, RULA, OCRA and observations, a clear picture of which workstations that 
were containing repetitive, straining and strengthening working postures was established. 

The results showed that the second station of Comp, the electronics mounting on Micro and the 
cleansing of all sights, all situated in the cleanroom was classified as most straining for the wrist. For 
the neck and back the cleansing, collimation of Micro 2 and the final assembling were the most 
straining. In the packaging area, the results indicated that the occurring working posture by placing 
the sights in the laser machine was damaging to the neck and back. The fatigue in the wrist emerged 
as a problem by the mounting of accessories of Comp and the removing of lens covers from returned 
sights. Generally, in both production areas was most of the work performed with bent necks, backs 
and wrists, in order to be able to see and handle the small components. The assemblers did also 
perceive the work as stressful sometimes with high demands but with low decision space.  

The main issues that were discovered as reasons for straining injuries on the body gave a decent 
ground for the suggestions of improvements that were developed through brainstorming and online 
benchmarking. Examples of appropriate solutions were restructuring of the instruments, better 
support for the arms, better lighting, height adjustable fixtures and ergonomic educations. While the 
production technicians and the improvement groups constantly are working with implementing 
helping tools, a document for an easier evaluation of these tools was established.  

KEYWORDS: Ergonomics, workplace environment, strain injuries, red dot sight, precision work,  



 

 

Sammanfattning 
Detta arbete, på 30 HP, är den avslutande delen av programmet civilingenjör Teknisk design vid 
Luleå tekniska universitet, utfört under vårterminen 2016 på 30 HP. Arbetet har genomförts på 
företaget Aimpoint i Malmö, Sverige, som är ledande inom produktion av rödpunktssikten till jakt 
och militär. Företaget i Malmö bestod vid utförandet av detta arbete av cirka 110 anställda varav 62 
montörer i produktionen. Produktionen i sin tur bestående utav ett renrum och en paketeringsenhet. 
Med anledningen att flera av montörerna i produktionen utsatts för arbetsrelaterade skador, har syftet 
med detta arbete varit att ta reda på vilka arbetsstationer som klassas som mest belastande på kroppen 
samt vilka kroppsdelar detta berör. Utifrån detta har ergonomiska förbättringslösningar gällande 
arbetsmiljö och arbetspositioner tagits fram. Målet har därmed varit att minska sjukskrivningen 
genom att förbättra arbetsmiljön. 

Rödpunktssiktet som tillverkas för hand på Aimpoint kan delas upp i tre typiska modeller, vilka är 
Hunter, Comp och Micro, som kan delas in i Micro 1 och Micro 2. Dessa tre familjer förmonteras 
längs 16 arbetsstationer innan de monteras längs sin egen lina, samtliga belägna i renrummet. Då 
siktena har monterats skickas dessa för laserbearbetning och paketering i packområdet.  

Projektets teoretiska bakgrund angående ergonomiska riktlinjer, vanligt förekommande arbetsskador, 
lönens och Lean Productions ergonomiska påverkan samt stillasittande arbete, gav en hjälpande och 
god grund till arbetet. Med hjälp av en utdelad enkät och intervjuer erhölls information angående 
arbetet i sig och belastningar i produktionen, utifrån montörernas syn. Från vidare metoder så som 
HTA, RULA, OCRA och observationer kunde samtidigt en klar bild ges av vilka arbetsstationer som 
innehöll repetitiva, belastande moment samt sämre arbetsställningar.  

Resultaten visade att station 2 av Comp, elektronikmonteringen på Micro och putsningen av samtliga 
sikten klassades som mest belastande för handleden i renrummet. För ryggen och nacken påvisade 
resultaten att putsningen, kollimeringen av Micro 2 och slutmonteringen var mest belastande. I 
paketeringen gav resultaten att arbetsställningen som används då siktena ska placeras i lasermaskinen 
var som mest belastande för rygg och nacke. För handleden var det snarare monteringen av assessorer 
till Comp samt demonteringen av linsskydd på returnerade sikten som var påfrestande. Jämt över 
båda arbetsrum utfördes mycket av arbetet med böjda nackar, ryggar och handleder för möjligheten 
att se och hantera de små involverade komponenterna. Generellt kunde montörerna anse att arbetet 
var stressande med höga krav men med litet kontrollutrymme.  

De huvudsakliga problemen som upptäcktes kunna orsaka belastning på olika kroppsdelar gav en 
grund för de lösningsförslag som senare togs fram med hjälp av online benchmarking och 
brainstorming. Lämpliga lösningar skulle kunna vara omstrukturering av verktyg och tillbehör på 
arbetsytorna, bättre stöd för armarna, bättre belysning, höjda arbetsytor och ergonomiska 
utbildningar för montörerna. Då produktionstekniker och förbättringsgrupper ständigt arbetar med 
att implementera hjälpande verktyg togs istället ett dokument fram för en enklare värdering av nya 
hjälpmedel som kan införas.  

NYCKELORD: Ergonomi, arbetsmiljö, belastningsskador, rödpunktssikte, precisionsarbete  
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INTRODUCTION 

1 Introduction  
This master thesis describes an improvement of ergonomics and work environment in the production 
facility of red dot sights at Aimpoint in Malmö, Sweden. The manufacturing mainly consists of 
assembly stations which are requiring complex hand movements and repetitive tasks in bad postures. 
Aimpoint wanted to decrease their assembly-related injuries, which derived this project. The 
ergonomic approach has focused on mapping and identifying the harmful workstations.  
Subsequently conceptual solution suggestions for an improved working environment have also been 
proposed. A collaboration with the assemblers has been done to gain experience about the production 
and the products. Above all, it was for the workers’ health, which is why they needed to be involved 
in the process. This master thesis is a part of the examination in Master of Science in Industrial 
Design Engineering and was carried out during the spring of 2016 at Luleå University of Technology. 
 
1.1 PROJECT INCENTIVES 
The production department in Malmö 
consists of 57 manual workstations where 
about 3000 sights are produced a week. The 
assembling requires fine motoric skills due to 
tiny parts which also make demands on the 
visibility. In addition, the work is repetitive 
combined with complex hand movements. 
These mentioned factors are causing problems 
on different parts of the workers bodies. This 
is a known issue within the company who are 
constantly working to reduce the exposure of 
straining work. The production department of 
Aimpoint is working with a Lean Production 
approach in which improvement is a central 
aspect. 

Aimpoint was interested in a mapping of the 
current workload in the assembly and 
packaging lines. Along with the mapping, 
there was a request of suggestions to improve 
the several working situations to the 
assemblers' favor and well-being. 

1.2 PROJECT STAKEHOLDERS 

Aimpoint’s commission was mainly for the 
employees in the production where the tasks 
overload the same muscle groups. The enquiry 
came from the production department who 
wanted to improve the working environment 

of their two production areas. The suggested 
improvements could be used by a third party 
since the company is a part of the concern of 
Sandberg Development. Finally, the 
occupational health care was also interested of 
the ergonomic results and proposed 
improvements. 

1.3 PROJECT OBJECTIVES AND 
AIMS 
This master’s thesis was a part of the program 
Industrial Design Engineering at Luleå 
University of Technology, with the objective to 
map the current ergonomic situation in the 
production facility in Malmö. The ergonomic 
situation became the foundation to describe 
where the flawing situations were located. 
With this insight was our aim achieved by 
suggesting conceptual solutions to help 
Aimpoint to improve the work environment. 
Three research questions (RQ) were created to 
be answered in order to achieve the objective 
and aim within this thesis.  

Because of the recurring overloads on the 
muscles, it became interesting to identify 
which workstations that affected the body the 
most. The most critical workstation was also of 
an interest. 
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RQ1: 
Which workstations at Aimpoint 
contribute to high workload and which 
stations are the most critical?  

There have been various injuries in the 
production and therefor there was an interest 
of which straining processes are mostly 
recurring, as well as the distribution between 
them. 
RQ2: 

In which way is the body commonly 
affected, and how is the distribution of the 
workload between the workstations?  

Sick listings due to overload are an 
unnecessary cost factor for the company. To 
reduce the quantity of sick listed workers due 
to overload, a change was desirable. Otto & 
Scholl (2011) are discussing that occupational 
diseases indirectly are causing costs on 
companies and can be reduced by better 
ergonomics in the workplace. This thesis will 
be the basis for the development of 
improvements, and include proposed 
solutions to the issues in this particularly case. 
RQ3: 

How can the physical risk factors at the 
critical workstations be reduced? With 
general and specified solutions. 

1.4 PROJECT SCOPE  
Different sights with various options are 
currently produced at Aimpoint to the 
customer's desire, which creates a variety of 
final products. However, these are produced in 
a similar way and the work can therefore be 
defined and simplified to the three main 
families of Aimpoint's product range of sights; 
Hunter, Comp and Micro. Operations 
performed in the same way between the 
families were therefor only analyzed in one of 
the families, to save resources.  

The project was performed in two of the 
production areas; the cleanroom and the 

packaging. This excluded the washing room, 
because this workstation was changed from 
being handled of the ones in the packaging to 
the ones in the cleanroom instead during the 
spring of 2016. This change made it difficult 
to investigate how the work is performed 
realistic. The inventory of received goods and 
finished sights were also excluded.  

The conceptual solution proposals that were 
developed in this project was only described 
and presented conceptually to give a greater 
understanding to the reader. Due to limited 
resources was the solutions not realized in 
physical form, which made it unable to 
implement and try the solutions. 

Investments were indicated in a health 
perspective and not from an economic 
perspective. Since it was decided to not 
implement the conceptual and proposed 
solutions, the economic part was considered as 
not necessary. 

To estimate the physical environment such as, 
lighting, vibrations, climate and ventilation, 
were these developed in a subjective 
assessment by interviews and a questionnaire. 
Information of other factors such as 
temperature and noise were produced by using 
equipment. 

1.5 THESIS OUTLINE 
The master thesis consists of 9 chapters to 
provide information about the different 
content that have been relevant to carry out 
this project. The first and larger chapters will 
be concluded with a summary of the content 
to provide a quick and short recap of what has 
been screened. 

Chapter 1 is presenting the incentive of this 
master thesis. The background, stakeholders, 
delimitations and the objective is also 
described within this part. 
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Chapter 2 presents the background, general 
information, and future goals of Aimpoint to 
understand the context. The company’s 
current situation with sick leaves and what 
they have done to lower the ratio of absent 
assemblers can also be read. The red dot sight 
is presented along with the manufacturing, 
practices and production goals. 

Chapter 3, the theoretical framework will 
present and cover the theoretical areas behind 
ergonomics, physical environment, and 
psychosocial environment. In addition, a short 
introduction about the education program 
will be highlighted to understand the 
association. 

Chapter 4 contains information about the 
chosen methods that have been carried out 
during all phases in this project. The methods 
to evaluate the ergonomic situation in the 
current situation and how the conceptual 
ideas to reduce or eliminate the hazardous 
situations are described. 

Chapter 5 will reflect the current situation at 
the company.  It initially introduces the reader 

to how the sight is produced along the 
different workstations. The current ergonomic 
situation is evaluated and presented through 
observations, questionnaire, RULA, 
interviews, the work of the ergonomist in 
comparison with our work and OCRA.  

Chapter 6 will show our analysis of the current 
situation and present the major issues and 
reasons to the occurring harmful situations. 
The analysis contains information to make the 
link into the solution phase, which is the next 
chapter. 

Chapter 7 reflects our proposed solutions to 
the ergonomic problems in the production 
and what Aimpoint can do to improve their 
working environment. 

Chapter 8 refers to the discussion of the 
project in whole, the executing process, 
theoretical framework, the used methods and 
the outcome of it.  

Chapter 9, which is the final chapter, is 
presenting the conclusions of this project, 
whereof the three research questions are 
answered briefly. 
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2 Contextual framework 
This part describes the company in general, the function of the sight and manufacturing routines, 
ergonomic improvements that has been done and future changes that is to be made within the 
company. Statistics about sick leave in the production department and reasons for these are also to 
be read in this chapter.  
 
2.1 AIMPOINT 
It all started in 1974 when a small group of 
Swedish entrepreneurs wanted to create a 
sighting technology, which could be used in all 
weathers, hit moving targets, and to be able to 
use quickly. The year after, they introduced 
their first product on the market. The 
technology in the sights has evolved for over 
40 years and has become incredibly popular of 
the perks. All the sights are manufactured by 
hand in Malmö and Gällivare in Sweden, and 
marketed internationally. The head office is 
situated in Malmö and consists of the main 
processes of development, sales and 
production, and the support processes, 
production techniques, test labs and finance. 
The technical analysis & verification lab, 
which allows the company to produce sights of 
high quality, is a large part of the office in 
Malmö. Apart from the production sites in 
Sweden, the company also owns a sales office 
in the United States. The largest sales are made 
within Law and Enforcement where the 
United States are one of the largest customers. 
The Swedish Armed Forces are also an 
important customer.  

Aimpoint manufactures seven different 
mounting families, including Micro and 
Comp, which are two major sellers with high 
demand and produced throughout the year. 
The Hunter family is a much larger sight in size 
but has a smaller demand because it is only 
used in hunting. The assembly is made 
differently between these three mounting 

families because of different sizes and designs 
(Figure 1). Therefore, the involved 
workstations of these three mounting families 
have been investigated in this master thesis. 

 
Figure 1. From the left; Micro, Comp and Hunter. 

The production department has been working 
on implementing Lean Production since 2011 
and according to the manager, the 
development has been going forward with 
positive results. The head office in Malmö had 
at the time of this thesis about 110 employees, 
including 46 assembly workers, 7 officials in 
the production department, and 16 hired 
assemblers. 

2.1.1 GS Development 

GS Development Group was formed by the 
electrical engineer and entrepreneur Gunnar 
Sandberg in 1992 with the motto “money 
should be put to work and create something 
new”. The group consisted of several 
companies in different industries in which all 
companies focused on a carefully selected idea 
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with great potential. Today in 2016, the group 
goes under the name Sandberg development 
and is managed by Gunnar’s son, Per 
Sandberg. The number of companies has been 
reduced to three, with the aim to become 
global leaders in their respective industries. 
The three companies are Granuldisk, 
Camurus and Aimpoint. Granuldisk 
manufactures dishwashers and uses a blasts 
technique while Camurus mission is to 
improve and simplify the medication.  
Aimpoint produced the world’s first red dot 
sight and the invention was a revolution in 
shooting (Sandberg Development, 2016).  

2.1.2 Partners 

The products consist of many different parts, 
all manufactured by different companies and 
the relationship between Aimpoint and their 
partners are strong. Aimpoint delivers to their 
customers worldwide and purchases all parts 
to their assembly from several different 
companies located all around the world. The 
reason for purchasing from multiple suppliers 
is to ensure that the material comes in and 
does not lead to supply problems if a 
manufacturer goes bankrupt.  

2.1.3 Red dot sight 

A red dot sight is a reflex sight that projects a 
red dot from a LED light through a reflection 
in the front lens, with an angle straight back 
through the sight towards the shooter's eye. 
This gives the shooter an augmented field of 
view with a red dot showing where the weapon 
is pointing, see Figure 2. The dot is not always 
perceived centered in sight, because of the 
angle at which the shooter looks through it.  
These optical reticles have become increasingly 
popular in the market because of the 
technology behind the sights and its 
advantages. On the shooting range the shooter 
has lots of time and calm to aim carefully, but 
in real situations under a stressful 

environment as in hunting or in combat, 
milliseconds can be vital.  

 
Figure 2. Looking through the scope with a red dot sight. 

This type of sight should not be mistaken with 
a laser sight, which projects a point on the 
object, which the red dot sight does not do. 
The red dot in this case is reflected in the lens, 
hence the name, and allows the shooter to not 
reveal its position.   

The red dot sight is not primarily intended for 
precision shooting on longer range and are 
therefore not manufactured with a magnifying 
lens. The shooter is supposed to see through 
the sight with both eyes open, which is 
beneficial in combat because the field of view 
becomes unlimited. Thanks to the dots 
collimated projection, the sight is also almost 
parallax free when looking towards infinity. 
The conventional lens that is used in the 
majority of red dot sights gives a misdirected 
reflection when the dot is not centered on the 
lens. The further from the center of the lens 
the dot is situated, the greater is the deviation 
from the optical axis. The point of aim and the 
point of impact can therefore never be the 
same. 
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Figure 3. A cross section of a red dot sight, the Aimpoint 
way. 

The Aimpoint way (Figure 3), the reflection of 
the red dot is always parallel with the sight’s 
optical axis thanks to the design of the double 
lens and its light refraction property. 
Regardless of the eyes position, the point of 
aim and the point of impact always coincide.  
The middle layer between the front lenses has 
a coating to reflect certain light. The cover has 
thoroughly a red-orange color that fulfills two 
functions, firstly to reflect more of the diode's 
red light and secondly to provide a camouflage 
against the target in front, because the red dot 
will not be visible at night without assistive 
devices. The coating on the military sights may 
in some cases also have a greenish color to 
provide camouflage against night vision 
devices.  

2.1.4 Sick leaves 

During 2015, 2.6 to 7.5% of the employees at 
the company in Malmö were long-term sick 
listed, and 0.8 to 5.3% in short-term sick leave. 
These numbers are reported monthly, thereof 
the interval. The year before, these values were 
at 1.1 to 6% for long-term sickness, and 0.9 to 
6.1% for the short-term sick listed. In 2015, 
they had nine assemblers in the production 
that required rehab whereof two of them had 
wrist problems that required surgery. This 
surgery was due to pain shown to be carpal 
tunnel syndrome, further described in section 
3.5.2. The remaining seven assemblers who 
required rehabilitation was because of either 
short-term sick leave or due to other 
unmentioned reasons. In 2014, this number 

who required rehabilitation was ten 
assemblers whereof five were work-related and 
depended on arm and shoulder problems. The 
remaining five was due to short-term absence 
or other reasons. The production department 
of Aimpoint works seriously with rehab. 

2.1.5 Earlier ergonomic improvements 

Aimpoint has several improvement groups 
consisting of assemblers from the production 
who operates to maintain good working 
conditions and make suggestions for 
improvements in the production. The 
production technicians at the company 
continuously work to materialize the 
improvement groups' proposals for testing. 
During recent years a number of ergonomic 
improvements has been made including; 
height adjustable worktables at all stations, 
new torque wrenches with tilt-able handles, 
different kinds of seating furniture and 
magnifying lamps with integrated lighting at 
the soldering operations. Examples are seen in 
Figure 4. 

 
Figure 4. Ergonomic improvements, from the left:  height 
adjustable worktable, seating furniture and magnifying 
lamp (borrowed from tools.se). 

Many of the powered handheld tools are 
suspended in a pulley, some of the stations 
with these tools have also received a relief arm 
to facilitate the assembly work. 
An ergonomist (occupational therapist) from 
the company’s health care visited the 
workplace in 2015, examined all workstations 
of the production, and evaluated those with 
most severe working positions. The results of 
this was a lecture given to the assemblers, to 
give a better understanding in how to work 
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and which body postures that are preferred to 
use. When a new assembler is hired, he or she 
is educated with this lecture performed by the 
line manager. Many assemblers also like 
standing while working in the production, 
therefore the company has decided to 
purchase rubber mats, which are more 
favorable to the body than if the workers 
would stand directly on the hard floor. 

Since 18 months, an extended job rotation has 
been introduced, now occurring once a day. 
Successive monitoring of the rotation order is 
made to ensure that all the workers rotates and 
everyone works relatively equally on all 
workstations.  

2.1.6 Aimpoint’s approach for the assemblers 

well-being 

Aimpoint prioritizes their employees and 
wants them to remain at the company for a 
long time, according to the production 
manager. This has made many to stay in the 
production at the company for over 10 years.  
Every four months, Aimpoint in Malmö 
organizes a safety committee meeting where 
someone from the management, safety 
representative, Sandberg Development and 
Public Health participate and discuss the 
production and the other departments. 
During these meetings are among other things, 
questions about work-related injuries and 
incidents, safety inspections, risk assessments, 
sickness absence and rehabilitation discussed. 
Before the assemblers begins at the company, 
they must undergo a spirometry study, a lung 
function test, to ensure the company that the 
person can stay in an environment with vapors 
from acetone and glue without any 
complications. After six months, the assembler 
performs a new spirometry test to ensure that 

allergies have not been provoked from the 
different adhesive and acetone, which are used 
in the production. The company takes 
discrimination, violence and alcohol among 
other things very serious and policies has 
maintained regarding this. If a worker in the 
production is experiencing discomfort or 
bullying from colleagues, this is handled 
through conversations with the management 
or union representatives. Every third year, 
every employee is answering a health profile 
which the company’s health care treats. A 
compilation of these profiles is later sent back 
anonymously to the company for them to see 
how their employees are feeling in their work. 
Once a week a naprapath visits the company 
where a half an hour can be booked by the 
employers for counseling, help with 
rehabilitation and training exercises. This kind 
of appointment is paid to 80% by the company 
and 20% by the individual visitor. 

2.2 MANUFACTURING 

The production department consists of two 
main areas, one for assembling and one for 
packaging. The following part describes the 
layout of these. 

2.2.1 Layout 

The main assembling takes place in the 
cleanroom, illustrated as blue stations in 
Figure 5. This area consisting of one pre-
assembly line of 16 workstations and, 5 
assembly lines, including 5 workstations each. 
The purple stations in the same figure shows 
the packaging area, with a total of 13 
workstations, where all the products get their 
accessories and are packaged in boxes.  
The production flows in both areas are 
illustrated as arrows within the layout and can 
be seen in Figure 6.
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Figure 5. The two production areas, with packaging to the left and cleanroom to the right. 

Figure 6. Color determined model flow within layout.

The different colors in Figure 6 are 
determined by the different sight models, 
which are produced by line. The transition to 
the packaging area is also shown as purple 
arrows. More about the colors and models are 
described in chapter 5.  

2.2.2 Working practices 

During 2016, the company has received more 
orders than usual. To be able to deliver more 
rapidly to the customers, shift work was 
introduced in the production in the end of 
February, which meant the current working 
hours were changed. This makeover led to a 
rotation between morning shifts, afternoon 
shifts and the working hours they had before 
the change. With this introduction, new 
assemblers were hired.  

The assemblers have one break and two pauses 
during the shift plus one six minutes break for 
gymnastics. This training session takes place 
every day to prevent pain and stiffness because 
of the less frequent rotation of duties, 
occurring only every fourth hour. In some 
cases, a more frequent rotation is required, 
depending on the task’s demands or personal 
impediments. Aimpoint maintains that all 
worker must rotate to reduce the risk of health 
problems and to gain a broader competence 
among the assemblers. The assemblers who 
preferred a more frequent rotation were able 
to swap tasks with each other every 2nd hour 
before the introduction of the shifts.  
Weekly it is determined which assemblers are 
working at the different assembly lines and the 
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daily order is determined every morning 
before the start by a shift leader. The choice of 
the rotational order is based on where the 
assemblers have been working earlier in the 
day or previous sessions. This is to bring 
variety and to train the assemblers to get 
knowledge within all stations in the line, and 
to give greater flexibility within the teams.  
To check the quality of the sights, a control is 
done on randomly selected products from 
different batches every week, with rolling 
responsibility within the teams. A sight is 
usually in the production between 5 to 7 days. 

At each workstation, an allotted time is given 
to finish the work. If the assembler has time 
over, he or she can continue at the same 
station or help one of the colleagues. The 
assemblers receive a performance-based 
monthly salary, which means that the base 
salary can be increased due to faster 
manufacturing pace and higher competence 
between more and different kinds of sights.  

2.2.3 Jeeves 

The production are using the client Jeeves on 
tablets, combined with a scanner (Figure 7), 
which is advantageous since they are portable 
and contains most of the needed information 
for the workers, including abundant work 
descriptions.  

 
Figure 7. Jeeves with scanner in the production area. 

Each assembler has a personal identification 
number, which they use to register in the 
computer system when a task has been 
finished at every station. Since all the 

information is going through the computer 
system, the company has a good overview on 
which orders that have been commenced or 
completed, where in the production the sights 
are and also how much material that has been 
used. In addition, the management can be 
ensured the workers are performing the work 
they are being paid for and do not miss some 
of the tasks. This system also allows 
information regarding how often the 
assemblers are at a particular workstation, to 
make sure the rotation between stations is 
made, which reduces the workloads and allows 
multi-functional teams. 

2.2.4 Production goals 

The goal in the production of every team and 
line is to produce around 500 sights a week, 
where the distribution between the different 
product families differs from week to week 
depending on demand. On a common week is 
about 3000 sights assembled. Everything is 
mainly manufactured to order and Aimpoint 
is aiming to that at least 95% of the 
manufactured products shall be free from 
defects. Today over 98% of the products are 
manufactured error free annually and 
quarterly. The most common reasons of 
rejected materials in the assembling lines are 
cuts and scratches on the components and 
malfunctioning diodes. 

Aimpoint sights are popular because they are 
durable and therefore it is an important 
quality check that the sights do not have 
leakage, which is why the performed vacuum 
test is an important part. Water and sand are 
two elements that can damage the sight in 
various ways, such as damaging the lens or 
makes the electronics to fail. The diode is the 
vital part of a red dot sight and without it, the 
purpose by using it disappears. 
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2.2.5 Future goals 

During autumn 2015, an expansion of the 
production area was planned, and is being 
carried out during 2016. With this expansion, 
both the assembly and packaging are getting 
more space. There will also be changes in how 
the sights are transported from the cleanroom 
and packaging. Batches will be transported on 
inclined bands and are collected in a First In - 
First Out order (FIFO). The extraction of 
airborne toxics is currently stationary and 
situated at each station, but will be movable 
after the rebuilding of the production with a 
proboscis. With the rebuilding, the naprapath 
will move closer the production department 
and the planned to be built gym next door, for 
an easier demonstration of recommended 
exercises.   

2.3 SUMMARY 
Aimpoint is a part of the GS Development 
Group and has for over 40 years produced red 
dot sights at its two productions in Malmö and 
Gällivare, Sweden. The red dot sight that is 
manufactured is a reflex sight creating an 
augmented field of view with a red dot to the 
shooter. The sights come in several different 
sizes and designs, used in the military and 
hunting worldwide, all of them assembled by 
hand. The main sights that are being mounted 
are Hunter, Comp and Micro where all the 
different parts are ordered from several 
different suppliers.  

The monthly sick leave in the production 
department of Aimpoint in Malmö was last 

year at highest 7.5% for long-term sick leave 
and 5.3% for short-term sick leave. Aimpoint 
has already made several ergonomic 
improvements to reduce sick leave and 
increase the well-being among their assembly 
workers such as height adjustable worktables, 
various seating furniture, magnifying lamps 
and tool aids. The hope is to enhance the 
situation further to reduce the sick leave. 
The manufacturing is made in two areas, the 
cleanroom and the packaging area. The 
cleanroom consists of a pre-assembly line with 
16 workstations and five assembly lines with 
five workstations each. The packaging consists 
of 13 workstations in total. In both of these 
areas are the assemblers working in shifts and 
rotates once a day between the workstations. 
The rotation is made to obtain varied work 
and greater area of knowledge within the team. 
In the beginning of every week, the assemblers 
are divided into teams and are assigned to a 
line in the cleanroom. In the Packaging, the 
assemblers are assigned two new workstations 
every day.  

The production goal is to produce 3000 sights 
a week and all products are assembled to order. 
When the sights are assembled, accessories are 
mounted and the sights are packed in boxes in 
the packaging area.  The production is aiming 
to at least 95% of the products shall be free 
from defects. All collectable information 
comes and goes through the system Jeeves on 
tablets. 
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3 Theoretical framework 
Workplace ergonomics has become more important due to developments in legislation regarding 
working environment. It has enlightened companies that damage on the health and quality of life 
deteriorates the financial results. No numbers were found regarding Sweden but in 2009 it was 
documented that companies in the United States, spent 15 to 20 billion US dollars in compensation 
for work-related musculoskeletal disorders (MSD). It is a great and unnecessary costs due to poorly 
designed workstations (Otto & Scholl, 2011). Industrial design is an engineering program where 
workplace design is a central part, thereof the link to this project. An ergonomic approach is one of 
many ways of design and has become more popular as the cost in terms of sickness absence and 
rehabilitation decreases while the quality of the products remains stable (Otto & Scholl, 2011). This 
chapter will present the scientific foundation needed to carry out this master thesis with concepts of 
ergonomics, such as physical environment, psychosocial environment and design. 
 
3.1 INDUSTRIAL DESIGN 
ENGINEERING 
Bohgard et al. (2010a) explains Industrial 
design as developing and producing products 
that are adapted to people's needs in mass 
production. The ability to design both 
products and workplaces is achieved by 
exploring and understanding the human’s 
psychological and physical capabilities and 
limitations. Bohgard, et al., (2010a) mentions 
that the working environment is determined 
by the design of the technology and that an 
interaction between these and people exist. 
Industrial Design Engineering is therefore 
devoted to simplify people's lives by designing 
functional and sustainable products after 
technical psychology, ergonomics and safety. 
The ability to design products after the human 
needs can also be applied in production and 
workplace design. The authors of this thesis 
have been educated in Production Design, 
which has contributed to knowledge of 
methods and tool for developing and 
designing custom workplaces. Major parts 
within Industrial Production design 
engineering are devoted to industrial 
production environment, industrial design 
and work science containing, among other 

things, the art of designing ergonomically 
where this work can be linked (Luleå 
University of Technology, 2016). Ergonomics 
is a thriving aspect as companies have 
understood the significance of the sick leaves 
and rehabilitation but also that poorly 
designed workstations impair the quality of 
the manufacturing products (Otto & Scholl, 
2011). Bohgard et al (2010a) believes that 
many people who are involved in design 
development believe that the human aspects 
are implied. They are not entirely wrong, but 
the system is rarely ergonomically optimal. 
Engineers in industrial design can therefore 
help to increase the safety, accessibility and 
productivity with an ergonomic input. 

3.2 WORK RELATED ABSENCE 
Otto & Scholl (2011) and Holmström & 
Ohlsson (2014) states that sick leave, 
rehabilitation and treatment leads to increased 
costs for the company. It also means a reduced 
work capacity where the most common reason 
for absence is musculoskeletal disorders 
(MSD) in muscles and joints in the back, 
shoulder and neck. Mathiassen, et al. (2007) 
advocates that the severity of dysfunction 
occurrence is generally related to the work.  
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On the Central Bureau of Statistics (SCB), the 
official and Swedish state statistics are 
collected on behalf of the government and 
various authorities (Statistics Sweden, 2016). 
SCB have generated data about the percentage 
of sick leave and of experienced symptoms in 
various body parts among assemblers, see the 
report in appendix 1. Statistics from SCB show 
the total share with trouble and sick leaves 
regarding both men and women, as well as a 
comparison between the years 2012 and 2014. 
The statistics revealed that between 16-19% in 
assembly professions have felt discomforts in 
work sometime during the past year. The 
muscle group that most people felt discomfort 
in during 2014 was in the back followed by the 
shoulders and arms, then hands and wrists. 
The back, neck and wrists, have an increasing 
number of troubled since 2012. For neck on 
the other hand, the problems have dropped. 
Aimpoint has a generally lower number of sick 
leave and the discomforts are mainly in the 
neck and wrists because of the work, see 
section 2.1.4. However, this project will try to 
contribute to further reduction of sick leave in 
the company. 

3.3 SYMPTOMS OF THE UPPER 
BODY AS A RESULT OF PHYSICAL 
WORK ENVIRONMENT 
Nyhlén (2012) explains that it is in the 
human’s nature to adapt body postures to the 
eyes favor to be able to see as optimal as 
possible, thereby the eyes controls the body 
stance. The adjustment happens automatically 
and can lead to prolonged static postures 
because of the visual demand. In uncorrected 
precision work, this is a common cause of 
discomfort in both the neck, shoulders, back 
and arms. Toomingas et al. (2008) adds, once 
the coordination between the eyes and body is 
disturbed, problems can arise in not only the 
result and quality of the work but also in the 
form of tense and aching muscles.  

3.3.1 Visual ergonomics 

When the assemblers on Aimpoint are 
checking the sight, to make sure the diode 
operates at the lowest relays, it is for instance 
too much light to see the diode reflection. In 
order to carry out the task the assembler 
commits a very bent posture. Bohgard et al. 
(2010b) refers visual ergonomics to the visual 
function in a combination with force and 
information. That entails lighting condition, 
how difficult and easy it is to read texts and 
about fixed head positions. Hägg et al. (2010) 
adds, visual ergonomic conditions refer to how 
the visual requirements are related to the 
postures and tension in the muscles. Work 
should be organized in such a way that workers 
have the right information and avoiding too 
much eye-effort or glare. In this way fatigue 
and headache are countered which can 
otherwise be problems that arise. Bohgard et 
al. (2010b) highlights that the occurrence of 
MSD and other illnesses can be avoided with 
the proper lighting and conditions to visual 
requirements. In visual ergonomics, it is 
crucial to work with viewing distance, 
illuminance, contrast ratio and luminance. 
Many times, poor lighting leads to inferior 
postures when one wants to get closer to the 
object. Certain tasks at the company in Malmö 
consist of operations with precision handling 
of tiny items, which contributes to a very bent 
neck and back in order to see properly. Glare 
can also lead to a rather twisted or bent 
posture. Workplace lighting should therefore 
ideally be tailored to each individual 
workstation, visual conditions and lighting 
requirements. Holmström & Ohlsson (2014) 
mention that to obtain a good posture the 
optimum viewing distance usually is said to be 
30 centimeters. Mathiassen et al. (2007) 
suggests adjustable luminaire where the light 
can be directed appropriately is always 
advantageous. The illumination for precision 



 

13 

 

THEORETICAL FRAMEWORK 

work shall be at least 1000 lux (Bohgard, et al., 
2010b). 

The production in Malmö is using ultraviolet 
light as hardener for adhesives on the Micro 
sights. Bohgard et al. (2010) advises caution in 
the use of ultraviolet light. The radiation is not 
visible but gives rise to eye irritation. The light 
also generates a chemical reaction with oxygen 
in the air, creating ozone, which irritates the 
respiratory tract.  

3.3.2 The neck 

Palmer and Smedley (2007) mentions that 
neck pain is an extremely common disorder in 
the modern society. Although it is very hard to 
define what causes the pain, evidence exist that 
the pain is related to work. Studies have also 
shown that differences in age and gender have 
an influence on the possibility of being 
injured. In the article written by Palmer and 
Smedley (2007), their research has shown that 
women suffer more frequently from neck pain 
than men. One possible reason is explained by 
Lewis & Mathiassen (2013) in their 
compilation of load, gender and health in the 
workplace. Typical female dominated 
occupations with a high proportion of MSD, 
such as cashier and assembly jobs, comprises 
much of repetitive tasks. Moreover, it is not an 
even balance between men and women in the 
chores outside work. In general, women take 
more responsibility within family and 
households that is resulting in additional stress 
and less time for recovery (Lewis & 
Mathiassen, 2013).The human neck is erected 
by the cervical spine, which is one of the body's 
most mobile but the least stable spine part. 
Studies have shown that there are 60 different 
sources of pain in the neck. Because of its 
complicated structure with vertebral, disks, 
muscles and joints, makes it difficult to see the 
origin of symptoms (Palmer & Smedley, 
2007). According to Hansraj (2014) a normal 

head of an adult has a weight around 6 
kilograms. By bending the head forward 45 
degrees the resulting weight in the cervical 
vertebral 7 (Figure 8) will be 22 kilograms 
instead. Hägg et al. (2010) explains that it 
depends on the lever arm of the muscles in the 
neck vertebras are 5 cm in length, which is 
usually much shorter than the distance from 
the vertebral column to the lifted object. The 
back musculature must respond with a much 
higher countervailing force to fulfill the arisen 
torque. Disc herniation occurs when the 
burden has been excessive. 

 
Figure 8. The cervical spine (own drawing inspired by 
Augusta Health, 2016). 

Many tasks at Aimpoint involve a hefty flexion 
of the neck and some of the assemblers have 
reported neck aches. A parallel can be drawn 
between the precision work carried out in the 
examined workplace and present increased 
mobile use. Hansraj (2014) describes the 
recent increased usage of smartphones making 
people to bend the head more often which is 
putting stress on the spine. This may lead to 
early wear, tear, degeneration and possibly 
surgeries. He adds that people should keep this 
in mind to be gentle on the spine (Hansraj, 
2014). 
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3.3.3 Studies of shoulder-neck disorders 

In a study by Mathiassen & Winkel (1996) 
were three factors studied to explain their 
relationship with shoulder-neck disorders with 
the aim to reduce them. By varying the work 
pace, change the number of breaks during the 
day and changing the length of the working 
day, the load on the upper trapezius muscle, 
heart rate and the temperature in the upper 
extremities were compared. The result of the 
study showed that the factor in reducing acute 
fatigue that can arise, would be more 
significant in the reduction of the length of the 
working day in comparison with more breaks 
or reduced work pace. One reason for this 
result may be due to the exposure level that is 
a significant factor in relationship to disorders 
of the upper extremities (Mathiassen & 
Winkel, 1996). 

3.3.4 Wrist  

Hägg (2001) presents the wrist as a complex 
system with several tendons, which allows 
great flexibility. With three degrees of 
movements, where two of them are defined as 
bending in vertical and horizontal direction, 
and one as rotation of 180 degrees, the wrist is 
able to be used in many situations. Parker 
(2013) further explains that the carpal 
ligament in the wrist creates a passage known 
as the carpal tunnel (Figure 9). This tunnel 
stabilizes and directs the flexor tendons that 
control the hand and fingers. The median 
nerve, which also runs through the carpal 
tunnel controls the hand muscles and 
transmits the impression from the fingers, 
except from the little finger, which is 
controlled by the ulnar nerve (Parker, 2013). 
The most observed work-related disorder of 
the wrist is the carpal tunnel syndrome (CTS). 
This occurs as a result of increased pressure in 
the tissue in the carpal tunnel and thereby 
disturbs the median nerve. This disturbance 
shows as numbness in the fingers the nerve 

provides and as weakness in the hands. The 
theory behind the emergence may be due to 
external pressure exposure of the palm, 
extreme hand angles or high force of the flexor 
tendons (Parker, 2013). During the past year 
at Aimpoint, two assemblers were in need of 
surgery because of CTS that has probably 
arisen from work. This syndrome can also be a 
result from exposure to vibrations due to the 
ceased blood circulation (Hägg, 2001). 

 
Figure 9. Illustration of the wrist (own drawing inspired 
by Parker, 2013). 

3.3.5 Hand 

Hägg (2001) explains that the hand is an 
important human tool. It can perform tasks 
with high demands on precision and force but 
also to convey out emotions and body 
language. The approximately 17 000 sensor 
receptors in the hand constantly sends 
information to the central nerve system (CNS) 
which allows the complex interaction of motor 
and sensory function. The shallow receptors in 
the skin provide a detailed map in the brain 
while the deeper receptors convey pain. The 
movement and the fine motor skills of the 
fingers are controlled by muscles in the 
forearm. For grips that require higher power 
are the fingers getting their bending power 
from two muscle systems in the forearm, each 
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with tendons that runs through the carpal 
tunnel (Hägg, 2001). The greatest power is 
obtained by a two- handed grip while the best 
precision is by a fingertip grip (Hägg et al., 
2010).  

The assembly at Aimpoint uses torque tools in 
some tasks and to work with handheld tools 
where the assemblers are exposed to vibration 
is common. Hägg (2001) is dividing these 
vibrations into three types: periodic, of static 
noise or blast character and are often 
occurring as a mixture in practice. The 
vibrations transmit through the contact 
surface between the hand and the tool, onto 
the hand and arm. An anti-vibration handle is 
therefore preferable. The vibration occurs in 
the hand and because of energy absorption in 
the tissues the vibrations are damped on the 
route as they propagate up in the arm (Hägg, 
2001). Regarding work containing exposures 
to vibration, these shall preferably be 
minimized and reduced to the lowest level 
possible. An estimate of daily vibration 
exposure should also be made to the Swedish 
Work Environment Authority’s (SWEA) 
regulations (Arbetsmiljöverket, 2005). Hägg 
(2001) also explains that the most common 
problem that occur in the hands and fingers is 
the “white finger syndrome” which is a result 
of high exposure of vibrations, usually from 
hand-held tools. The symptom often appears 
as numb fingers, as a result of the temporary 
termination of the circulation in the skin of 
the affected fingers (Hägg 2001). A study 
presented by Koskimies, et al., (1990) claims 
that nerve damage can occur in the median or 
ulnar nerve due to vibrations exposure in the 
hands and arms. Examples of other finger 
injuries are “trigger finger” which is an 
inflammation of flexor tendons, “hypothenar 
hammer syndrome” caused by a penetration of 
the arterial arc at the palm of the little fingers 
side. Another example is “pressure pain 

threshold” which is due to high pressure 
between 500-750 kPa against the fingers or the 
palm and manifests as pain (Hägg, 2001). 

3.3.6 Studies according hand-wrist pain 

A study described by Merlino et al. (2003) with 
construction workers from four different states 
in the US was carried out to determine the 
prevalence of MSD. The study revealed and 
reported wrist and hand symptoms as the 
second highest prevalence of MSD symptoms. 
Because of the need to grasp small objects, 
working in the same position for longer 
periods and to carry out repetitive tasks, 
symptoms such as CTS, tendonitis and trauma 
disorders were developed. The results also 
showed that more women than men received 
hand and wrist symptoms (Merlino et al., 
2003). Thomsen et al. (2007) mean that 
inflammatory in the hand-wrist region usually 
shows in form of pain. The condition can be 
diagnosed as tendonitis, perotendonitis or 
tenosynovitis. According to older studies 
mechanical load, put on the wrist could be a 
reason of the development of tendonitis. 
Thomsen, et al.’s, (2007) newer studies on the 
other hand shows that mechanical load is a 
combination of the intensity of hand use, the 
quantity of wrist movements, force in the 
movements and the wrists position. A study 
made in Denmark with 19 companies and 
over 3000 participants examined the role of 
physical environment as a possible cause for 
hand and wrist disorders. In the investigation 
two groups were studied, one with ergonomic 
and psychosocial workload, and one with 
varied non-repetitive work, called the control 
group. The interaction terms that were 
constructed and analyzed were: high force with 
high repetition, high repetition with non-
neutral hand position and high force with 
non-neutral hand position. The results showed 
that 7.8% in the control group and 15.7% of 
the ones with repetitive work, experienced 
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hand-wrist pain. In conclusion, a comparison 
between the different ergonomic factors 
indicated that increasing levels of force and 
repetitive work lead to disorders in the hand-
wrist area rather than non-neutral hand 
positions. (Thomsen, et al., 2007). 

3.4 PHYSICAL WORK ENVIRONMENT 
Holmström & Ohlsson (2014) tell us 
ergonomics originates from the Greek, ergos 
meaning work, and nomi, which can be 
translated into knowledge or science. The term 
was coined in 1949 as an umbrella term for all 
knowledge related to human labor. Factors 
such as the individual's body size, age and 
gender are taken into account and are relevant 
to the ergonomic design. Within ergonomics 
and work place environment, an adapted work 
is of great importance for human needs and 
circumstances. Ergonomics is sometimes 
mistaken for physical ergonomics but it is a 
much wider concept (Holmström & Ohlsson, 
2014). According to SWEA (2012), the term 
also includes cognitive, organizational and 
psychological aspects of the work 
environment.  

Bohgard et al. (2010a) speaks of how a person 
uses one’s powers and how the human body is 
affected by external forces, known as 
biomechanics, concerning postures, 
movements, and physical loads. Ergonomics is 
also related to knowledge of biology, 
technology and psychology between a tool and 
man. Studies have shown that ergonomically 
poorly designed workplaces in many cases can 
lead to poorer product quality in the 
manufacturing industry (Holmström & 
Ohlsson, 2014). 

3.4.1 Static assembly work 

According to SCB (2014), statistics about 
work-related injuries in assembling often occur 
in the back, arms and areas around the 
shoulders. It has also been shown in several of 

the assemblers at the investigated company. 
Nordander et al. (2009) state it is common that 
not only the muscles are affected but also 
tendons, joints and muscular attachments. 
Another reason for the emergence of 
symptoms is also said to be due to psychosocial 
factors. Rehabilitation and cognitive 
behavioral therapy are examples of treatments.  

Nordander et al. (2009) say that static work is 
often found in the sort of work that requires 
hands to use tools and materials. The assembly 
of the sights at Aimpoint is done almost 
exclusively with hands and tools and 
discomfort is existing. When a static muscle 
work is performed without interruption, this 
may lead to unfavorable strain on the muscles 
as well as its muscle insertions, tendons, fascia 
and joints. Most frequently, the tendons and 
muscles around the shoulder joint and the 
elbow joint are affected. It may in some cases 
appear as diffuse pain, fatigue, stiffness and 
tension growing more intense. These 
symptoms are not able to detect by X-ray and 
blood samples. Work that involve repetitive 
motions and fixed postures, like in the 
examined production, contributes more to the 
incidence of neck and shoulder pain in 
comparison with the work involving varied 
tasks and varied movements (Nordander, et 
al., 2009). Researches have shown that 
strenuous work during shorter days with 
longer pauses are more labor-friendly than a 
less strenuous work with longer working hours 
and shorter breaks. A varied salary based on 
efficiency can lead to fewer breaks and a more 
strenuous work. (Holmström & Ohlsson, 
2014). 

In order to ensure that laws on health, safety 
and working hours are observed within 
organizations and enterprises, is SWEA 
working with it on behalf of the government 
(Arbetsmiljöverket, 2016). Regarding 
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ergonomics, SWEA are establishing and 
updating regulations and checklists, 
containing the rules and requirements for 
companies to comply. These regulations exist 
to prevent too much strain injuries, manual 
handling operations and repetitive work too 
occur. They also exist to prevent the 
musculoskeletal system to be injured because 
of improperly designed work. With checklists 
for ergonomics from SWEA, work postures, 
working heights and the workplace as a whole 
can be evaluated. As a result, an assessment on 
which parts of the work that may involve risks 
that should be remedied immediately or in the 
near future, is given (Arbetsmiljöverket, 2012). 

Holmström & Ohlsson (2014) state, a seated 
position for working allows for the most part a 
good condition and stability to precision work 
and is also less strenuous and stressful on 
skeletal muscles and joints than a standing 
posture. On the other hand, combinations of 
standing and seated positions are favorable. By 
introducing rotation of work tasks and job 
enrichment, as well as reducing the time an 
operation is performed, the degree of 
repetition decreases. In this manner, even a 
variation in load is achieved (Holmström & 
Ohlsson, 2014). Work that involves bent, 
twisted or stretched body position can result in 
uncomfortable loads because the joints 
become overloaded near their extreme 
positions. The absence of muscle rest and lack 
of recovery can in many cases be reasons for 
disorders from the long-term, low-intensity 
muscle work. An explanation to why pain, 
numbness and discomfort in different parts of 
the body is felt may be due to the nerves from 
the spine to the different body parts are 
exposed to pressure. Nerves that are passing 
through narrow channels can disturb the 
blood supply, which leads to swelling and a 
higher pressure in an already cramped space. 
A pinched nerve in this case, can cause 

discomfort as pain, numbness and tingling in 
the body part that the nerve supplies. Such 
pinching is easier to occur with twisted and 
bent postures. The most squeezing tend to be 
in the nerves that go out in the upper 
extremity. These nerves pass on its way, the 
cervical spine, muscles, clavicle, elbow and 
wrist. Toomingas et al. (2008) tells that 
another explanation of pain in a muscle at 
constant activation could be because of a 
disturbed blood circulation. When a muscle is 
active, the contraction leads to a higher 
intramuscular pressure, which persists as long 
as the muscle is activated and prevents the 
blood flow. 

3.4.2 Cinderella model 

A known explanation model is the so-called 
Cinderella model applying at muscle 
activation (Figure 10). According to Hägg 
(2001), the time conditions are operative to 
support this hypothesis. He believes that the 
magnitude of the load is less important than 
the recovery occasions. Toomingas et al. 
(2008) show this model with a system in the 
muscles of the various units connected when 
the muscle is activated from rest. The "weaker" 
type 1 cells are the first to be activated, the 
stronger type 2 cells are activated next if 
necessary. At greater effort, cells of higher 
degree are connected. 

 
Figure 10. Cinderella model (Inspired by Toomingas et 
al., 2008).  
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As the muscle returns to its original position 
the disconnection is made in a reversible way. 
The strongest motor units are switched off 
first, and the units that were connected first 
are those who are disconnected last. The type 
1 units are known as the Cinderella units and 
may be active for a long time. Experiments 
have also shown that these activated motor 
units during physical exercise, can remain 
active during stress without any loading 
physical work (Toomingas et al., 2008). 

3.4.3 Design of the workplace 

This section will deal with general guidelines 
for a good design of workplaces following 
different conditions. Hägg et al. (2010) 
highlight the importance to design the 
workplace for humans rather than the other 
way around. Since the worker puts a lot of time 
at the workplace, the design can be decisive 
regarding productivity, quality, security and 
health. However, each individual has a unique 
body size and physical ability, which makes 
workplaces and performances, may look 
different. Hägg et al., (2010) add, since there is 
a general physical difference between 
individuals, both among men and women, 
workplaces and work tools must be able to 
adapt to every individual. 

The requirements of SWEA are both sufficient 
space within and outside the workplace, for 
easier transport and the prevention of illness 
and accidents. The interior must be properly 
designed regarding floors and stairways. The 
floor should be flat and steady but avoided to 
be too hard.  The armature shall provide 
suitable lighting for the work, to be properly 
placed and maintained. Possibility of outlook 
and daylight in buildings must also be 
available. Requirements for ventilation, noise, 
staff rooms and aids in case of fire or accidents 
are listed in SWEA’s regulations 
(Arbetsmiljöverket, 2009). 

3.4.4 Applied anthropometrics 

Mathiassen et al. (2007) state a good designed 
workplace should allow strenuous work to be 
performed in a neutral body posture. That 
means, working postures should be the same 
as when the body would be relaxed. It is seen 
as a good working position when the back is 
upright. The working height should be sized 
for the elbow (Figure 11), but should 
preferably be slightly higher for precision work 
to take into account the visual requirements 
imposed. 

 
Figure 11. Guidelines and limits of working height 
(Arbetsmiljöverket, 2012). 

Mathiassen et al. (2007) want companies to 
provide adjustable work equipment because it 
is advantageous for the availability to set the 
correct working height for the work and allows 
variation. A permanent position is not suitable 
for all individuals and can lead to discomfort 
in the lower back at a low working height, 
while a to high height can cause loads in the 
shoulders and neck (Mathiassen et al., 2007). 
Holmström & Ohlsson (2014) mean a good 
posture also applies when the employee can 
work mobile and has enough room for 
movement and range. According to Hägg et al. 
(2010) are workplaces usually designed to the 
95th percentile, which means sufficient space 
for legs and arms, and the maximum distances 
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and sizes are appropriate for most of the 
workers in the country. The limit for 
maximum grip distance should be 40-50 cm, 
in the outer work area (Figure 12) according to 
Arbetsmiljöverket (2012). 

 
Figure 12. Inner and outer working areas 
(Arbetsmiljöverket, 2012). 

The work should include physical and mental 
variation and recovery where unilateral and 
repetitive loads are avoided (Mathiassen et al., 
2007). High performance requirements must 
be avoided especially combined with tasks 
needing eye-hand coordination. If this occurs, 
the work should allow variety of tasks to be 
more favorable and additional breaks should 
be scheduled. The body should be able to use 
its mobility and flexibility, which requires 
stability (Toomingas et al., 2008). This applies 
mainly to the arms and hands that can work in 
special positions with the help of the shoulder 
blades, shoulders, elbows and wrists. The hand 
must also have sufficient stability that does not 
yield for the countervailing power of the 
managed object, in order to use its force. This 
requires stabilization of the hand, the entire 
arm, shoulder and spine. However, the 
stabilization must not reduce flexibility. The 
stabilization occurs mostly unconsciously and 
is ongoing all the time as the hands are in use. 
This stabilizing muscle activity means engaged 
muscles all the way from the forearm to the 
neck (Toomingas et al., 2008). 

3.4.5 Biological variation 

Hägg et al. (2010) states that the physical 
performance differs greatly between 
individuals and is said to be due up to 70% of 
the genetic factors such as gender, body size 
and age. Women generally only have 70-80% 
of men's aerobic capacity and 50-60% of men's 
muscle strength. The average body length is 
shorter among women, but the muscular 
endurance in relation to muscle strength is 
longer (Lewis & Mathiassen, 2013). The two 
genders are built in different ways, so it is 
essential that the workplace be properly 
designed for both (Holmström & Ohlsson, 
2014).  

3.4.6 Handwork with tools 

Mathiassen et al. (2007) explains that the 
evaluation of handwork is assessed according 
three factors, accuracy, power and duration. 
This is illustrated in the so-called hand tool 
cube (Figure 13). With the help of this model 
of a three-dimensional cube is a simultaneous 
assessment based on those three factors. The 
results are illustrated and measured by the 
color zones red, yellow and green. High force 
and precision demands over extended time is 
not acceptable. 

 
Figure 13. The hand-tool cube (Mathiassen et al., 2007). 

Mathiassen et al. (2007) inform that power 
tools must be designed and adapted to humans 
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to be able to provide an optimum transfer of 
power and torque, along with comfort and 
control. The force and pressure transmitted 
from the hand should be distributed over as 
large area as possible, especially during 
precision demands. The tools should favorably 
be light with a center of gravity located close to 
the wrist, whereby extreme wrist angles are 
eliminated (Holmström & Ohlsson, 2014). 
The tool should be designed in such a way that 
it suits both large and small hands and with 
the possibility to use with left or right hand.  
Mathiassen et al. (2007) mentions that a faulty 
grip or improperly distributed pressure in the 
hand can cause pain and muscle problems in 
the arm and shoulder. Hand-held machines 
may then be subjected to local vibrations in 
upper extremities with damaging effect. Bad 
postures can enhance the negative outcome of 
improperly design (Mathiassen et al., 2007). 

3.4.6 Physical factors 

According to Melin (2008), physical factors 
such as annoying noise, cold, heat or draft can 
contribute to tense muscles. It is not always 
that physical stressors are experienced as 
psychologically disturbing. However, they tend 
to disturb the balance in the body and stress 
reactions occur. This is because they have a 
direct impact on the body´s balance of the 
internal environment, and therefore is seen as 
an unfavorable burden on the body (Melin, 
2008). In the cleanroom at Aimpoint the 
higher ventilation requirements is what 
generate sounds and draft. Restrictions on the 
clothing make the assemblers not able to 
regulate the individual temperature.  

Noise is classified as undesirable sound. The 
human ears are exposed to sound all the time 
and do not have the ability to filter out 
harmful noise (Bohgard et al. 2010b). In 
workplaces, there are many sound-sources that 
we do not think about, which Melin (2008) 

states are harmful to the hearing and can be 
psychologically exhausting. Sound also known 
as sound pressure level, is measured in a 
logarithmic scale for the current sound 
pressure to a reference value. The SI-unit of 
sound is decibel (dB), but sound is commonly 
measured with a weighting-filter to mimic the 
human ear. The unit dB(A) is the most 
common unit, which means the sound levels 
are measured with an A-filter. The noise level 
can fluctuate significantly and therefore, the 
value is measured over a longer period and an 
average value is calculated (Bohgard et al. 
2010). In SWEA’s publication are tolerable 
values for not risking hearing damage given. It 
describes the limit of the average noise level an 
individual can be exposed to during 8 hours. 
By exceeding this limit may hearing damage 
occur, see Table 1  (Arbetsmiljöverket, 2005). 

Table 1. Limit values of noise exposure 
(Arbetsmiljöverket, 2005). 

 Upper limit 
Exposure level (8 
hours a day) 

85 dB(A) 

Maximum sound 
pressure 

115 dB(A) 

Impulse noise 135 dB(C) 

To control the noise there are several ways to 
reduce the exposure (Bohgard et al., 2010); 
 Reduce the noise at the source. 
 Isolate the spreading. 
 Distribute earmuffs. 
 Reduce the exposure with acoustic décor. 

In the production of Aimpoint there are many 
sound sources such as air compressors, heavy 
ventilation and torque wrenches, which 
contributes to measurements that are of 
interest. 
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Dianat et al. (2016) have discovered that the 
working temperature has a crucial role in the 
workers' performance and safety, therefore it is 
important to achieve a climate that is pleasant. 
A stable climate is optimal for workplaces and 
should remain stable regardless of the task and 
the weather (Bohgard et al., 2010b). Working 
clothes also has a role in climate experience. In 
the cleanroom at Aimpoint, restrictions are on 
the clothing, which allows the assemblers only 
to take on more clothes when chill occurs.  
Bohgard et al. (2010b) also mean that the 
workplace must achieve at least a neutral 
temperature zone, which is a simplification 
that has been made since people have different 
comfort climate but also to prevent injuries. 
When working outside the range of the 
neutral temperature zone, injuries can occur. 
Lacking comfort will reduce the workers’ 
awareness and concentration, which increases 
the risk of accidents. Cold climate also gives 
impaired muscle function and reduces power 
and precision, thus also increases the risk of 
MSD (Arbetsmiljöverket, 2009). Li et al. 
(2016) states in their research that the 
performance of workers in high-temperature 
climate may decrease because of the body 
automatically decrease the level of activity to 
prevent excessive heat. Dianat et al. (2016) 
findings highlights the importance of a 
comfort working temperature as a crucial tool 
in workplace design. According to Bohgard et 
al. (2010b), the cold zone is below 10 °C and 
the warm zone is above 25 °C, between these 
limits the neutral climate zone exists. The 
actual temperature will vary due to different 
units, SWEA set the neutral zone between 10 
to 30 °C (Arbetsmiljöverket, 2009).  

3.5 ORGANISATION 
In mass production are the working lines 
designed in a rational way to produce a lot in 
a fast and economical way. In this way, the 
people who are performing the work will get 

strict and repetitive tasks and have to keep up 
with the work pace. It has been shown that the 
rational approach causes musculoskeletal and 
psychological disorders (Koukoulaki, 2014). 
The psychosocial environment plays a larger 
role than previously believed, even if stress is a 
protective mechanism that enables us humans 
to outperform, but it is harmful during a 
longer period. The production of Aimpoint 
uses Lean Production's principles, which are in 
some part a rationalization philosophy 
(Koukoulaki, 2014). The assembling involves 
no heavy lifting, but it is very repetitive with 
complex hand movements and in general 
performed during the entire shift. The 
assemblers are fixed to a task in four hours and 
must achieve a certain number of sights.  

3.5.1 Psychosocial environment  

Otto & Scholl (2011) explains that 
corporations have begun to grasp the 
implication of a healthy workplace. Ergonomic 
improvements towards physically strenuous 
tasks and inappropriately designed workplaces 
have been accomplished (Otto & Scholl, 
2011). Heavy work has to a greater share been 
eliminated because the muscular effort has 
been replaced by machines, variety in work 
and the vibration exposure has been reduced. 
Lundberg & Wentz (2004) present these few 
examples as actions that have been 
implemented, but despite this, the work-
related injuries in a greater extent have not 
decreased. Heavy lifting or complicated 
postures are not performed at desk jobs, yet 
these people manage to get work-related 
disorders (Lundberg & Wentz, 2004). 
Koukoulaki (2014) reveals that researchers 
have since the 70s warned of the intensified 
tempo of our society. Demands on the 
individual, on education, the need for a social 
status, demands for greater responsibilities 
and the need to manage a higher work rate has 
increased. This combined with more 
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repetitive, uncontrollable and monotonous 
tasks has become a heavy physical and mental 
burden on the working individuals 
(Koukoulaki, 2014). The physical load has 
been replaced by psychological stress. Because 
of insufficient time for rest and recovery, more 
individuals are suffering from musculoskeletal 
disorders. Stress affects the muscle fibers in 
such a way according the Cinderella theory 
that early motor units never relax. The most 
commonly affected body region is the neck-
shoulder area (Lundberg & Wentz, 2004).  

Holmström & Ohlsson (2014) defines the 
psychosocial environment as the relationship 
and interaction between psychological and 
social factors. Holmström & Ohlsson (2014) 
explains that an individual's work can be 
broken down into three different levels; 
ambient level, the individual level and the 
reactions. The ambiance makes requirements 
and pressures that affect the individual and 
how he or she masters the problems. 
Consequently, leading to a reaction that can 
be behavioral, psychological or physiological in 
response. The possibility for the individual in 
work and exerting control is an important 
factor. Holmström & Ohlsson (2014) states 
that stress and control interacts, and to 
maintain control of the work, the body 
becomes stressed. Thylefors (2010) adds that 
social support from colleagues and managers is 
incredibly important. The absence of these 
social ”shock absorbers” aggravates the 
situation by increasing the risk of physical and 
psychological problems. An illustration of the 
relationship between external psychological 
demands and discretion combined with 
support are expressed in the demand-control-
support model, see Figure 14. The model has 
three principal axes where the factor 
"demands" is set against "control space" and 
“support”. A job that involves high demands 
but low control space can lead to inactivity, 

anxiety and fatigue. A job with high demands, 
high control space and high support stimulates 
learning and development for the individual 
instead (Holmström & Ohlsson, 2014).  

 
Figure 14. The demand-control-support model (Inspired 
by Theorell, 2003). 

3.5.2 The stress mechanism 

Theorell (2003) refers to that Hans Selye 
invented the concept of stress and explored 
the domain during the mid-40s century. He 
concluded that stress is a congenital defensive 
mechanism to help a person from dangerous 
situations. During stress, the blood pressure 
and pulse increases and the blood is redirected 
to the muscles to make the person into a 
“super human”. In the same stage, other 
important body functions are suppressed since 
they temporarily are unnecessary and energy 
consuming. This result in exhaustion and 
discomfort due to the overload.  

A lasting exposure to stress can contribute to 
cardiovascular disease. Overload and fatigue 
increases the risk of acute myocardial 
infarction. Long periods of mental exertion 
frequently cause MSD that leads to lasting sick 
leave. Depression, infectious disease, 
gastrointestinal problems may also arise in 
response to lasting stress. Perceived stress 
disrupts the production of the stress hormone 
cortisol, which leads to an imbalance between 
the neurotransmitters in the brain. The 
imbalance affects the individual with anxiety, 
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decreased appetite and sleeping disturbance 
(Theorell, 2003). 

3.5.3 Long-term sedentary work 

The assembling on Aimpoint contributes to a 
long-term sedentary work due to the high 
precision demands. Ekblom Bak (2013) is 
referring to recent studies which have shown 
that long-term sedentary, which largely takes 
place at work, at home and by transportation, 
have consequences of the health. The studies 
have shown that in the current situation, the 
average human is sitting down for 55-60% of 
the time awake, which contributes to increased 
risk of ill health. It is important to know that 
long-term sedentary cannot be compensated 
by intense physical activity. The earlier 
recommendation, that is said to be of at least 
30 minutes of physical exercise, is still 
important but is not enough. Sedentary 
contributes to the absence of muscle 
contraction and muscular activity, which have 
shown to have a detrimental effect on the body 
and is therefore an area of its own to consider 
(Ekblom Bak, 2013). Ekblom Bak, (2013) 
emphasizes a particularly experimental study, 
which has shown benefits with small breaks in 
the sedentary work and to move the body. The 
results of the blood tests showed that the value 
of glucose and insulin were lower for those 
who took a walking break for two minutes 
every 20th minute, compared to the ones who 
did not take any additional breaks. These 
lower values also contributed to decreased 
inflammatory reactions in the body. Other 
studies have also shown that the blood 
pressure was better in people who took breaks 
than those who were sitting still the whole 
time.  

Ekblom Bak (2013) says, to counteract and 
limit sedentary time, suggestions for 
improvements are to take short breaks every 30 
minutes and to switch between sitting and 

standing postures as often possible. To plan 
tasks in such a way that breaks are stimulated 
could also counteract sedentary work. Studies 
have shown the importance of high adjustable 
worktables in the work and have been proven 
able to reduce the time seated in work by up to 
two hours a day thus generating more active 
breaks. Ekblom Bak (2013) points out that 
sedentary at work should be raised as a work 
environment question and short breaks 
should be introduced. The time seated should 
also be reduced if it occurs in longer periods. 
Many former studies have been done to 
investigate the links between low back pain, 
neck or shoulder problems and a sitting 
posture. However, it has not been proven that 
these symptoms occur as a result of longer time 
seated. Many of the problems that arise by 
long-term sedentary could also be due to high 
work stress, lack of options for reduction of 
the burden in the arms and which tools that 
are being used.  

In summary, Ekblom Bak (2013) means the 
time spent in a seated position have much 
more positive impact on the health rather than 
how to sit while working. 

3.5.4 Ergonomics and engineering 

Humans use technology and systems both at 
home and at work daily, which are designed by 
different engineers of all kinds. These 
engineers have thereby a vital role in 
ergonomics and work environment, even if 
this is determined by many factors (Bohgard et 
al., 2010a). The designers of a product or 
system, are already laying the foundation for 
the kind of work environment that is 
achievable and it is therefore important to 
consider the ergonomic aspect in the birth of 
the construction. The design of the 
manufacturing processes is then created by the 
production technicians that have a crucial role 
in the work environment. Ergonomics is 
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always partly included in the design of the 
system but it is rarely optimally designed. The 
lack of knowledge of ergonomics and 
understanding about the human capacity 
creates unconsciously problems for all parties 
involved in the system; individual, 
organization and society (Bohgard et al., 
2010a). That is why ergonomics has become an 
important topic in engineering and it can be 
integrated in any system where the humans are 
included. As previously mentioned, it is 
important to take ergonomics into a system's 
birth. The more mature a system becomes, the 
less flexible it becomes and the probability of 
ergonomic issues that can be resolved, 
decreases. Bohgard et al (2010a) mean, it is 
always possible to improve the weaknesses of a 
system, but the longer it into a system's life 
cycle you go, the harder and more expensive it 
will be. 

3.5.5 Effects of salary systems 

A comprehensive study done in Taiwan and 
described by Yeh et al. (2009) compared 
burnouts and work stress levels associated with 
different salary systems. According to the 
study, Yeh et al. (2009) points out that a 
performance- based salary system, like the one 
used on Aimpoint, often is used to give their 
employees increased self-control while giving 
them motivation to work harder.  At the same 
time, the study showed that this kind of salary 
system and time-based salary often leads to 
increased work pace, higher workloads and 
employees competing against each other, 
which contributes to increased work related 
stress. Yeh et al. (2009) even claims that it has 
been shown in previous studies that people 
with this kind of salary system had higher 
blood pressure, higher levels of depression and 
health complains in comparison with those 
who had fixed salary. The study carried out 
also showed that women had a higher 
proportion of work related burnouts in 

comparison to men, but only applied to the 
performance-based system and compared to 
fixed and time-based salary. The men on the 
other hand, showed a higher proportion of 
burnouts in both time-based and performance-
based salary systems. Psychosocial 
dissatisfaction has also been proven to occur 
in the study about the effects of salary systems 
by Shirom et al. (1999). They claim that 
performance-based salary system can be 
dangerous to the humans’ well-being and that 
signs of depression and somatic complains 
have a connection with performance-
contingent salary. 

3.5.6 Lean Production 

Koukoulaki (2014) presents Lean Production 
as a famous production strategy developed 
from the “Toyota Production System”. It is 
designed for a low-mix, high-volume 
manufacturer where rationalization by 
reducing waste is essential. However, 
rationalization is not the entire concept which 
companies can misunderstand. Koukoulaki 
(2014) describes in his article the impact of the 
implementation of Lean Production on 
ergonomics at 36 different companies. The 
outcome depended on how Lean was 
implemented into the organization and in 
which sector, with mixed results. According to 
Koukoulaki’s research in 2014 there have 
become negative effects on musculoskeletal 
and psychosocial factors because of lean 
practices. The escalation of Just-In-Time (JIT) 
and standardized work has increased the risks 
of psychosocial disorders because of reduced 
cycle time, low variety at work and low job 
control. In other words, there is a strong 
correlation between stress and some lean 
practices. Simplified tasks also mean that the 
pace has increased in a monotonous work with 
high repetitiveness and there is a strong 
association to the musculoskeletal disorders. 
The consequences become an absence of 
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workers with high competence, which can 
indirectly have an impact on the waste-
principles.  (Koukoulaki, 2014). 

3.6 SUMMARY 
In recent years, workplace ergonomics has 
become more important due to the realization 
about the relationship between sick leave and 
MSD, which costs the companies a lot of 
money every year (Otto & Scholl, 2011).  
Industrial Design Engineering is managing 
and working with, among many other things, 
ergonomic design to improve the working 
environment (Bohgard, et al., 2010a). 
According to SCB (2016) the percentage of 
sick listed in the assembly profession in 
Sweden was 16-19% in 2014 because of 
various disorders in the upper limbs (Statistics 
Sweden, 2016). Commonly occurring 
symptoms often occurs in the back, neck, 
hands and wrists in assembly and precision 
work, which also applies to Aimpoint where 
the sick leaves has been because of discomfort 
in these areas.  

Since the body always sets itself, 
subconsciously after the viewing conditions, it 
is important that the lighting satisfy the given 
requirements for a good visibility in the given 
work (Nyhlén, 2012). Poor lighting 
contributes to an approaching towards the 
handled object, for the ability to see well, 
which leads to a bent neck. The most observed 
and common work related MSD in the wrist is 
the carpal tunnel syndrome, with pain 
symptoms caused by high pressure against the 
wrist, extreme hand movements or vibrations 
(Parker, 2013). 

Studies have shown that repetitive work 
contributes in greater extent to disorders of 
the hand-wrist region in comparison to a 
higher pressure at this area (Merlino et al., 
2003). The physical factors to take into 
account to reduce sick leave is also high noise 

levels, neutral temperature and the ventilation 
to avoid discomfort, unaware tensions of the 
body or stress (Melin, 2008).  

For the employees well-being the workplace 
must be designed and suited for the individual 
(Mathiassen et al., 2007). The workplace 
should be designed in a way that allows 
everyone to work comfortably regardless of the 
length or size of the body. The working 
postures should be able to be carried out as 
close to the normal position as possible. The 
height of the working surface should be able to 
adjust to the type of work and tools should be 
positioned close to avoid unnecessary bending 
or stretching (Mathiassen et al., 2007). The key 
is not entirely how to sit while working, but 
rather the time spend in a seated position 
(Ekblom Bak, 2013). The recommendations 
are mainly to vary between a sitting and 
standing position as often possible 
(Holmström & Ohlsson, 2014). Humans are 
exposed to long-termed sedentary work often, 
which have a negative impact on our health. 
Intense physical activity like a workout cannot 
entirely compensate a long-termed sedentary. 
Several minor breaks from sitting have shown 
to have a larger impact (Ekblom Bak, 2013). 

Another important aspect of the employee’s 
well-being is to contain a balance between 
support, demands and control in the work 
(Theorell, 2003). By allowing greater room for 
decisions and not too many requirements 
combined with support, the human can feel 
better and stress can be counteracted 
(Thylefors, 2010). Variation and sufficient rest 
breaks contributes to well-being.  

Bohgard et al. (2010a) are discussing the 
importance of ergonomics in the initial phase 
of developing a product. The designers of a 
product or system, are already laying the 
foundation for the kind of work environment 
that is achievable and it is therefore important 
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to consider the ergonomic aspect in the birth 
of the construction. The more mature a system 
becomes, the less flexible it becomes and the 
probability of ergonomic issues that can be 
resolved, decreases. Bohgard et al (2010a) 
mean, it is always possible to improve the 
weaknesses of a system, but the longer it into a 
system's life cycle you go, the harder and more 
expensive it will be. 

Performance-based salary systems provide 
increased self-control and motivation to the 
employee to earn more money (Yeh et al., 
2009). However, by performing more and 
faster, the worker is exposed to increased 
workload and stress with negative 

consequences on the health (Shirom et al., 
1999). Women and men react differently to 
performance-based systems but it is dangerous 
for both genders, because it is causing 
depression and strains (Yeh et al., 2009). 

Lean Production is a praised LMHV 
organizational strategy if a corporation wants 
to grow, earn and save money (Koukoulaki, 
2014). However, the standardization makes 
the work more repetitive, monotonous and 
stressful, resulting in sick leaves due to 
psychosocial disorders and MSDs 
(Koukoulaki, 2014). 
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4 Methods 
This chapter presents the used tools and methods for processing every phase in this ergonomic work. 
Mainly to provide the reader with knowledge of how and when the methods were performed but also 
to explain why the methods were chosen to this project. The methods will be introduced by first 
explaining the background and theory about it, and then explaining how it was used. 
 
4.1 PROCESS 
To design and carry out the project, the project 
cycle has been used as process method.  The 
process describes all the different undertaken 
steps for the development with a cyclical 
performance and has two essential 
characteristics. The first one is that the process 
is repeated and second that the users are 
involved, in this case the ones in the 
production department. During this project, 
assemblers as well as the management has been 

involved in the work. Mainly the management 
has received successively updates concerning 
the projects progress and has approved the 
work before continuing writing and 
proceeding. The two last steps in the project 
cycle, implementation and monitoring, had to 
be delaminated due to time restrictions, the 
project cycle was therefore modified. The six 
steps that have been used in the process are to 
be seen in Figure 15.

 
Figure 15. Process cycle containing six steps (Inspired by Karlsson et al. (2010)).
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The first step of the process deals with the 
organizational planning and the estimated 
time that will be needed. At this step, 
deadlines, the disposal time and resources 
should be taken to account. The second step 
involves the diagnosis of the project and is 
regarding collection of relevant data. The data 
could be information about the user, 
applications and environment and can be 
collected by for instance observations, 
interviews and questionnaires, which all were 
used for this thesis. The objectives and 
requirements of the project were gained 
through a gradually made evaluation of the 
current state. Next, a set of requirements that 
states what the solution must include can be 
established and used as a framework for the 
resolving work. As the requirements and the 
needed information has been gathered and 
processed, the ideation phase takes place 
where majority of creative methods can be 
used to generate solutions. The process then 
proceeds developing the concepts and an 
evaluation of these. The last step concerns the 
design through the user’s perspective and 
details (Karlsson et al., 2010). 

4.2 PROJECT PLANNING 

In order to have an understanding between us 
and our supervisors considering the project 
approach, a project plan was developed in the 
beginning of the thesis. This was then 
approved by both the supervisor at Luleå 
University of Technology and the supervisor at 
Aimpoint before the start of the project, to get 
the right basis. In the project plan were the 
scope, the three research questions, a time 
schedule and the planned approach of the 
project are described. The time schedule was 
made as two Gantt-charts, which can be seen 
in appendix 2 and 3, for an opportunity to 
plan the total time of the project. Two versions 
of the timetable were made, one of the weeks, 
for a quick overview, and one including all the 

involved days of the master thesis. This was 
made to get a better planning opportunity 
from start to end. In the one with weekly 
planning all the deadlines were noted to avoid 
miss any of them. In both schedules, the time 
can be red along the x-axis, with the summary 
of the weeks planned hours set on Fridays, and 
the planned performed work along the y-axis.  

4.3 LITERATURE REVIEW 
A literature review was conducted at the 
beginning of the project with the main reason 
to be able to answer our three research 
questions with a scientifically basis. Also to 
gain a wider understanding concerning 
ergonomics and work environment.  Since an 
excess work-related sick leave has occurred in 
the production department at Aimpoint 
probably caused by harmful postures and 
repetitive work, it was selected to examine 
anatomy, and information and reasons for 
different symptoms. To determine if the sick 
leave was higher than normal regarding this 
type of work, statistics about the percentage of 
sick leaves in the entire nation were gained. 
Since Lean Production was implemented in 
the production department five years ago, the 
link between this organization theory, 
psychosocial environment and ergonomics 
was considered as relevant. In order to find 
relevant theory, Luleå University library´s 
search engine for articles was used. 
Appropriate articles were mainly found at the 
databases Scopus and Google Scholar. 
Through references of articles could previous 
articles be examined and confirm information. 
Mainly used keywords were “ergonomics”, 
“work environment”, “wrist”, “disorders”, 
“body postures”, “lean” and “repetitive work”. 
Books were also used and found at libraries 
nearby. Information regarding sick leave was 
found by the site statistics Sweden and 
regulations regarding ergonomics was found at 
the Swedish work environment authority. 
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4.4 MAPPING THE CURRENT STATE 
AND CONTEXTUAL FRAMEWORK 
To investigate and carry out the contextual 
framework and the current state, interviews 
and observations were mainly made with 
employees, at two different occasions.  
The data collection was first made in a general 
understanding of the production and 
manufacturing of the sights. By observing the 
production and interviewing the assemblers, 
we gained knowledge about the material flow, 
the operations on different stations, the design 
of the sights and the working routines. 
Through a creation of our own sight, we 
received a better overall picture and got to try 
to perform the work ourselves. By visiting the 
assembly and packaging area during the first 
six weeks of this project, a sufficient 
understanding was obtained along with the 
assemblers own point of views and comments.  
With a general and practical picture over the 
production at Aimpoint, we started to 
investigate the ergonomic aspects afterwards. 
Additional interviews and observations were 
carried out in a later stage as a complement to 
the ergonomic tools and methods.  

4.4.1 Observations 

By using observations, live data from naturally 
occurring situations can be gathered either live 
or with camera. This research process allows 
the researcher to get the detailed information 
instead of relying on someone else’s accounts, 
or how something is supposed to be done. 
Observations provide a reality check and 
substantially more can be taken into account 
than what is given by questioning, such as 
behaviors or things that can be taken for 
granted (Cohen, Lawrence, & Morrison, 
2007).  
In order, to capture the assemblers’ routines 
and working postures in their natural state, 
visual observations were chosen to be carried 
out.  Observations were made at different 

occasions and have led to a deeper 
understanding about all the workstations in 
the production area. Workstations were 
randomly picked to be observed and notes 
were made. 
Participatory observations were firstly made 
during the third and fourth week into the 
project, in conjunction with the assembly of 
our own sights. This was made with the aim to 
provide a deeper understanding of the work 
and the loads that can occur in the body 
during the workday. By walking next to an 
assembler who showed how the work would be 
performed at each station, we afterwards 
performed the same steps on our own sights 
on each station. The sights were mounted all 
the way by hand and went through all the same 
stages and steps as for a sight that is 
manufactured for sale. During two occasions, 
the sight was mounted together with an 
assembler in the cleanroom, and during one 
occasion with an assembler in the packaging.   

By the second performed observation, while 
investigating working postures through an 
ergonomic perspective, we chose to observe 
from a distance unnoticed not to disturb the 
assemblers while working. It was also noticed 
that our presence could affect some 
assemblers’ postures, which was another 
reason for us to try to be unnoticed.  

4.4.2 Interviews 

Dalen (2015) describes that an interview can 
be used as the main method but also as a 
complementary tool to use as help to an 
already collected material. The interview is a 
qualitative method and can be used as a 
research method in a variety of areas and 
involves an exchange of views within a theme. 
The area of the questions is often planned in 
advance with complementary questions along 
the interview, and the respondent can answer 
freely (Kylén, 2004). However, it is important 
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that the results of the interview are not 
affected by own similar experiences. Interviews 
can be divided into open or structured and 
focused interviews. Semi-structured interviews 
were used in this case and means that the 
dialogue is controlled entirely or partly of 
predetermined selected topics (Dalen, 2015). 
Essential theory within the researched area was 
primarily developed to formulate relevant 
areas in which responses from assemblers 
would be useful. The questions were not 
formulated in advance, only the question 
fields. The first interviews took place during 
the mapping of the current state and were 
made through dialogues between four 
different assemblers and us at four different 
occasions. Conversations were made with the 
production management about the 
performance of the work, the effect of the 
work on the body, salary and the fellowship 
among the colleagues. These were largely the 
basis of the performance of the contextual 
framework and current state.  

Additional interviews were made after 
receiving the responses of the questionnaire 
which is further described in section 4.5.3. 
These were done to follow upon the 
questionnaire, Rapid Upper Limb Assessment 
(RULA), which is further described in section 
4.5.4, and our observations to classify which 
workstations that were considered as 
strenuous with qualitative information in 
open interviews. The assemblers could show 
the performance of specific tasks, in real time 
with the used tools and material for better 
understanding. We never chose how many 
and who we wanted to interview, we chose a 
station that we needed additional information 
about and the current assembler at the station 
provided us with information while working.  

4.5 CURRENT ERGONOMIC STATE 
To evaluate the current state from an 

ergonomic aspect and to create an ergonomic 
state, a few methods were used in addition to 
the interviews and observations. The results of 
these methods could in a later stage be linked 
together with the theoretical framework, and 
lead to the ideation phase. 

4.5.1 Analytical interaction 

To determine the issues in the production 
through an ergonomic perspective we 
researched through two angles, from our own 
perspective and the assemblers’ perspective. In 
other words, how we acknowledged the 
current state through our methods, which we 
combined with the assemblers’ thoughts and 
feelings. Our quantitative data from 
questionnaire and observations made a 
foundation to the problems which were 
verified with the assemblers’ opinions through 
interviews. In this way, the data became 
qualitative and the issues became clear (Figure 
16). The assemblers could tell us where the 
problems were, and we could partly explain 
why it was a problem. We carried out 
observations, Hierarchical Task Analysis 
(HTA), RULA and Occupational Repetitive 
Actions (OCRA) on almost every station and 
line. Because Hunter was not manufactured to 
the same extent as Micro and Comp, these 
stations were not running all the time. OCRA 
for this line was therefore not performed. In 
parallel with this, we handed out a 
questionnaire to retrieve many opinions from 
the assemblers. By comparing their statements 
and our findings, we found unified issues and 
to fully understand the underlying problems, 
we performed interviews of the assemblers 
while working. These unified issues became 
the main issues in the production at 
Aimpoint. We also compared our findings 
with the ergonomists work at Aimpoint from 
2015, to see if the current state had changed 
or if we had acknowledged it in a different way.  
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Figure 16. The analytical interaction

4.5.2 Hierarchical Task Analysis 

Stanton (2006) describes the Hierarchical Task 
Analysis (HTA) as a method with many 
applications and is a core ergonomics 
approach. The analysis method is based on 
three basic principles and the results may vary. 
The first principle is to choose a task that 
consists of an operation that is defined in 
terms of the goal. The operation will then be 
broken down into sub-operations and sub-
goals, which is the second principle. In the 
third principle, it is essential that there is a 
hierarchical relationship between the 
operations and sub-operations, the sub-goals 
can sometimes be written in the right order 
but is not necessary. The guidance helps to 
structure the work, which helps the user to 
identify work procedures, workloads and to 
investigate potential errors and their 
consequences (Stanton, 2006). 

We generated our HTAs by observing the 
production and interview the assemblers. Five 
HTAs were created, depending on which line 
and sight. The HTAs were visualized with the 
software Microsoft Visio. 

 

4.5.3 Questionnaire  

A questionnaire is a method to gather 
information without personal contact between 
the manager of the survey and the respondent 
(Trost & Hultåker, 2007). Questionnaires are 
good to use as a complementary method to 
validate results gained through interviews for 
example and to collect information from 
several people during short time. Before the 
inception of a questionnaire, it is important 
that the purpose and the questions are clear 
and expressed in the right way to avoid 
misunderstanding (Trost & Hultåker, 2007). 
According to Kourinka et al. (1987) 
questionnaires have proved to be the best way 
to collect relevant information to identify the 
reasons and its relationship to work factors 
regarding MSD and symptoms in the working 
population. However, the different experience 
between the respondent and the researcher 
can contribute to misinterpretation of the 
questions and results. By using this method, it 
is also important to remember that more 
recent and heavier achieved MSD can be 
better remembered than older or lighter ones.  

For this thesis, a questionnaire was made and 
distributed halfway through the project. The 
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purpose was to identify on which workstations 
the workers feel pain in the upper limbs and 
why it occurs. It also helped us to gather 
information about things that are difficult to 
measure, such as the psychosocial 
environment and the perception of the 
physical factors. The questionnaire was 
structured to only ask about straining load felt 
in the back, neck and wrist. The reason we 
wanted to ask about the wrist and neck was 
because the recent long time sick leave was due 
to straining workload on these areas. The back 
was also selected to ask about, even if this has 
not been a reason for sick leave at Aimpoint. 
This body region is on the other hand the part 
that makes up for the highest sick leave in 
Sweden in the assembly occupation according 
to SCB (2016). The workload on the legs was 
chosen to be disregarded since many of the 
assemblers are working in a seated position, 
and is not seen as a body part that leads to 
sickness absence. The results were collected 
and processed to provide the perceived 
ergonomic situation at Aimpoint’s 
manufacturing among the assemblers. A total 
of 39 questionnaires was handed out and were 
gathered again five days later. The 
questionnaire that was handed out can be seen 
in appendix 4. 

4.5.4 RULA 

The Rapid Upper Limb Assessment (RULA)-
method is developed as a screening tool with 
the purpose to quickly analyze working 
postures through an ergonomic perspective 
(McAtamney & Corlett, 1993). The method 
analyzes the neck, trunk and upper limbs along 
with muscle function and external loads.  
With a worksheet including score tables, the 
user retrieves an action level from a coding 
system which indicates the need of 

intervention, to reduce the risk of work-related 
disorders (McAtamney & Corlett, 1993). It 
can be a delicate method since some postures 
can be at the edge between two values which 
can affect the result. According to Dalkilinc 
and Kayihan (2014) and Chen et al. (2014), it 
is also an efficient tool to get basic 
understanding in ergonomics for the 
unexperienced one and can help the workers 
to keep good postures.  

In the same way as the ergonomic 
observations, the RULA:s were conducted at 
distance to not affect the assemblers’ common 
working postures. To evaluate the stations 
with scores, we used the RULA worksheet in 
appendix 5. The method was made at all 
stations in the production except in the 
washing area, as this just changed from being 
handled by assemblers in the packaging to 
assemblers in the cleanroom. The RULA:s 
were made on the dominant hand, on every 
station in the production three times each, to 
see how much difference there could be 
between people who work with the same task. 
The choice of working positions was made by 
estimating the most frequently used and 
recurrent posture. This method was used as a 
complement to ensure that the results of our 
observations and the questionnaire directed to 
the same stations to change and was therefore 
considered as most harmful. 

4.5.5 OCRA 

The Occupational Repetitive Actions (OCRA) 
is a method of assessing the repetitive loads in 
the upper limbs (Occhipinti, 1998). The 
exposure is calculated by a quotient, which is a 
function of the actual number of operations 
carried out during a shift, divided by the 
recommended number of moments during the 
session (Equation 1).  
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𝑶𝑪𝑹𝑨 =
𝑨𝒆 (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑐ℎ𝑛𝑖𝑐𝑎𝑙 𝑎𝑐𝑡𝑖𝑜𝑛𝑠 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑒𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠ℎ𝑖𝑓𝑡)

𝑨𝒓 (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑐𝑜𝑚𝑚𝑒𝑛𝑑𝑒𝑑 𝑡𝑒𝑐ℎ𝑛𝑖𝑐𝑎𝑙 𝑎𝑐𝑡𝑖𝑜𝑛𝑠 𝑑𝑢𝑟𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠ℎ𝑖𝑓𝑡)
    (1)

Equation 1. The OCRA division to maintain the index value.  

The recommended value (Ar) is produced by 
the analyzer and it is based on factors such as, 
posture, force, reference frequency, lack of 
recovery time and duration. The numerator 
consists of two factors, the number of actual 
technical actions combined with the duration 
during the day. The method was first 
developed as an advanced method without 
checklists with indication that difficult 
problems cannot be solved in simple ways. The 
method has however been developed and is 
now available with checklists for more rapid 
and substantial use (Occhipinti & Colombini, 
2001). The assembly on Aimpoint is very 
repetitive which often require complex hand 
movements due to tiny objects, which made 
this method appropriate to use. OCRA is 
mainly used when investigating a task that 
consists of sub-tasks, that require different 
amounts of technical actions and time, which 
provides a qualitative result. This would 
require a lot of time in our case, so we 
simplified the investigation by taking the total 
number of technical actions divided by the 
allocated station time. Two different OCRA-
approaches were made to investigate the 
current state. The repetitive load was first 
calculated as if an assembler would work on 
the same station for 8 hours, to reveal harmful 
stations. Mathiassen & Winkel (1996) 
explained that the length of the working day 
had most impact on the health. Therefore, by 
calculating the workload during only 4 hours, 
which is the length of the work at the same 
station, would not show any harmful stations. 
Last, we calculated through matrices with 
combinations of stations that were loading due 
to the daily rotation once a day. The matrices 
were conducted line-wise since the work team 
was working at one line during the week. The 

following part will explain how the equation 
was configured.  

The constant frequency (CF) is a reference 
constant that Occhipinti (1998) developed 
and advised to define as 30 actions per minute 
for industrial environment. This constant is 
the basis for the denominator (Ar) that will 
either increase or decrease the out of scale 
factors. In turn, these consist of working hours 
(Fr, Fd), force efforts (Ff), posture (Fp) and 
other determining factors (Fa). The values for 
the OCRA are presented in appendix 9. The 
duration without break factor (Fr) was 
interpolated into an average value of the three 
different shifts at Aimpoint. This was a 
simplification to make the factor usable in all 
situations. The working hours of the assembly 
lasts either 420 or 480 minutes, depending on 
the shift. The factor of daily duration of 
repetitive tasks (Fd) became a scalar with 
magnitude of 1 according to Occhipinti’s 
(1998) guidelines. The force factor (Ff) was 
established by Borg’s 10-category ratio scale 
(CR-10) for the rating of perceived exertion 
(RPE) as Occhipinti and Colombini (2001) are 
referring to. The actual posture may have a 
high impact on the denominator and is 
deemed according to Occhipinti’s data sheet 
of upper limb postures (1998) (Appendix 6). 
The posture factor (Fp) is a creation of 
combined aspects to accurate judge by 
repetitiveness and time. Additional factors 
(Fa) were sorted out to four factors that could 
occur in the assembly on Aimpoint. The 
appearing factors could be, usage of vibrating 
tools, extreme precision work, and usage of 
inadequate gloves and localized compressions 
on anatomical structures of the hand/forearm 
due to objects and tools.  
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All repetitive technical actions (TA) on the 
dominant hand were calculated in a 
simulation of the task done by ourselves. 
Occhipinti & Colombini (2001) introduces 
the definitions of a technical action in their 
article. The simulations were created by first 
observing an assembler closely while 
performing the task on the different 
workstations, to perform it ourselves 
afterwards. It is discussed by Colombini, 
Occhipinti, & Grieco (2002), in their book 
that even if a worker is performing different 
tasks in a short time it is still counted as 
repetitive work. This resulted in a holistic 
perspective of the stations and to easily tell 
which combinations that are preferable during 
a shift due to the work rotation once a day. 
The observed action frequency was then 
calculated by dividing the TA-value of a 
workstation with its estimated cycle time, 
which became the actual frequency number 
(Af) in minutes during the shift. By 
multiplying Af with the working time, the 
numerator “total number of technical actions 
actually performed during the shift” (Ae) was 
established. 

Note that the combination-results that were 
calculated are not an average of two stations, 
since each station is based on an individual Ar-
value. Therefore, a unique Ar-value was 
calculated for each combination as each 
station in itself generates its own relationship 
over time. 

4.5.6 Measurements of physical environment 

To measure the physical environment in the 
cleanroom and packaging, the temperature 
and noise was measured during the same time 
each day while two of the shifts were working. 
The application for cellphones “Buller” by 
Arbetsmiljöverket was used to measure the 
noise during half an hour for 6 days.  The 
temperature was gotten by the thermometer in 

both of the production areas and examined 
during 16 days to get a trustworthy average 
value. The amount of days of measurements 
were considered enough because the results 
were consistent. These two factors was 
measured to use as references to the answers 
about the physical factors from the 
questionnaire.  

4.6 WAY OF IMPROVEMENTS 
From the current state through an ergonomic 
point of view were some main issues found. 
Through brainstorming and online 
benchmarking were suggestions of 
improvements gathered, these were evaluated 
afterwards and the innovation phase took 
place. 

4.6.1 Brainstorming 

This method is suited to find solutions to 
problems by a group of people releasing the 
self-censorship by enter a creative phase in a 
stimulated environment. Criticism is 
forbidden during this process because it 
inhibits creativity and disturbing the 
stimulation (Osvalder et al., 2010).  
Subsequently when ideas are produced they 
are evaluated for further development or 
screening. Brainstorming is intended for 
quantity and not quality. This method is also 
suitable for workshops, where several groups 
are creating a big amount of ideas (Osvalder et 
al., 2010). We decided to use this method to 
create multiple possible solutions to provide a 
better working environment at Aimpoint. By 
looking into the occurring problems in the 
current state separately during several 
occasions, possible solutions were generated. 
The reason for using this method a several 
times was because new information about the 
workstations constantly became available. 
When using this method, a time was set for 5 
minutes to write down and draw as much ideas 
as possible on post-its. All the generated ideas 



 

35 

 

METHODS 

were collected each time and put on the idea 
shelf in our office at Aimpoint. 

4.6.2 Online benchmarking 

Johansson & Abrahamsson (2010) refers to 
the Swedish Institute for Quality (SIQ) that 
defines the method as "Benchmarking is a 
systematic comparison, evaluate and learn from 
good role models, regardless of industry or geographic 
location. The aim is to gain insight and knowledge 
that will translate into effective improvements in 
their operations" (Johansson & Abrahamsson, 
2010). By different companies having a 
transparent cooperation, they can help each 
other to become better at different things that 
have flaws, such as processes, procedures and 
working methods.  
By investigating websites of companies who 
work with ergonomics, it helped us to gain a 
greater knowledge and inspiration to our 
solutions. These investigated companies 
presented many ergonomic devices online, 
which could possible improve Aimpoint 
processes and work environment. 

4.6.3 Evaluation 

Our generated ideas covered many different 
areas of concern and could therefore not be 
weighed against each other in an assessment. 
To reconsider our ideas, we chose to discuss 
them with the production technicians. By 
letting them participate, we could present the 
found issues behind the solutions to help 
them understand both sides. We also wanted 
to know if the ideas could be achievable and 
approved by the ones who were about to use 
them. We were unable to discuss it with the 
assemblers due to insufficient space and time. 
The production technician’s insight in the 
production was considered valuable to our 
ideas. Our combined knowledge and creativity 
could verify or modify our proposed solutions. 

 

4.6.4 Innovation 

The evaluation of the generated ideas revealed 
that many earlier helpful tools from an 
ergonomic perspective have been 
implemented before but without any effect. 
Tools without purpose were removed from the 
stations to free space due to multiple reasons.  

We went back to the ideation phase where new 
brainstorming and benchmarking led us to a 
new solution. Apart from our earlier proposed 
ideas was a new idea created to help Aimpoint 
with their improvement work for the work 
environment. 

4.7 SUMMARY 
To carry out this project we decided in the 
planning phase to use a modified Process cycle 
with six undertaken steps, for a project 
development with a cyclical performance 
(Karlsson et al., 2010). The method guided us 
through the planning, the mapping of current 
state and to find the solutions to the found 
issues. The planning was made in two Gantt-
schedules whereof one in daily detailed 
description and the other of a monthly plan of 
activities. To find relevant theories about the 
ergonomic and work environment area we 
used the databases Scopus and Google 
Scholar. By searching with keywords according 
to the unexplored matter, scientific articles 
were found to create a theoretical framework 
to provide a scientific foundation to this 
project. 

To map the current state of Aimpoint, several 
methods were performed to gather a rich 
amount of data. By observing the way of work 
through a technical and ergonomic 
perspective, different situations were 
discovered. The technical mapping was 
created by observations, interviews, building of 
own sights and by hierarchical task analysis 
into an ergonomic approach. The mapping 
through an ergonomic perspective was first 
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made of a quantitative method, a 
questionnaire where a large amount of data 
was collected in a short time. We afterwards 
used the Rapid Upper Limb Assessment 
(RULA) and the Occupational Repetitive 
Actions (OCRA) to retrieve measured results 
of the current state. The data from the 
questionnaire, RULA and OCRA were later 
improved by complementary interviews with 
the assemblers. Our view of the current state 
was thereafter compared with Aimpoint’s 
occupational health care’s own ergonomic 
analyze to our interest, to see if the situation 
had changed from last year and how much our 
discoveries differed. 

The current state revealed ergonomic issues 
that were in need of intervention. By using 
brainstorming and online benchmarking 
during different occasions with altered inputs, 
several ideas were generated with solutions to 
different issues. These solutions were partly 
evaluated by discussion with the production 
technicians at Aimpoint to verify the proposed 
solution to the issues. Through the innovation 
phase was a new idea for improvements 
developed.  
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5 Current state  
This chapter starts with an introduction of the production process, information regarding the three 
main products families, together with their different production lines. At the descriptions of the 
stations, the names of the stations are bolded for a better understanding of the later results. Due to 
confidentiality in the production area pictures of the two main manufacturing areas, the cleanroom 
and packaging will not be displayed but only partly explained. The chapter will afterwards describe 
the current state through an ergonomic perspective with the results from the different methods that 
were used in the investigation. The information for this chapter has been collected through the 
methods described in section 4, mainly together with assemblers in both the packaging and assembly 
area.   
 
5.1 THE CLEANROOM 
Due to the optical handling while 
manufacturing the sights it has to be carried 
out in a special room with higher standards of 
cleanliness and ventilation, hence the name 
cleanroom. The largest source of dust and dirt 
is from the assemblers, which is why protective 
clothing consisting of a coat, hair net and 
safety shoes has to be carried in this room. 

Other than protective clothing, are gloves a 
requirement on the stations where glue or 
acetone is used. The temperature in the room 
is said to always be approximately 20.0 °C. In 
the cleanroom the different sights are 
assembled at a total of six lines, see Figure 17, 
by 36 employees and 15 extra hired 
assemblers. 

Figure 17. Layout of the cleanroom.
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As seen in Figure 17, the cleanroom consists 
of one pre-assembly line and five assembly 
lines for different types of sights, each with its 
own color. The pre-assembly line is marked 
with green, the Hunter manufacturing with 
blue, Comp with white, Micro 1 with red and 
Micro 2 with pink and yellow. The vacuum test 
that all the sights are undergoing to make sure 
the sight is not leaking, is done at the stations 
marked with “vacuum test” (Figure 17). If the 
sight is leaking, the reason has to be located, 
done at the “leakage-table”. Between the lines 
the internal inventory is situated, which often 
are very small and can be seen in Figure 17 as 
“white boxes”.  

In the Cleanroom, the sights consist mainly of 
an inner tube, a rear tube, a diode and the 
outer part, called house and are assembled 
together with small components. The different 
parts are displayed in Figure 18. 

 
Figure 18. The three main parts of a sight. From the left; 
inner tube, house and rear tube. 

The station that handles the diode or 
electronic management requires electro static 
discharge protection (ESD) to avoid harmful 
static electricity on the products. The 
assemblers at these stations are earthed with an 
ESD-wrist strap. At the stations using 
ultraviolet curing lamp (UV-L) for hardening 
the glue, safety glasses are used.  

5.1.1 Preassembly 

When the inner tube, house and rear tube 
arrives to Aimpoint, these needs to be washed 

before entering the cleanroom. When they are 
considered as clean, the parts are preassembled 
and sent to the main assembly lines. Along this 
line, illustrated as green colored stations in 
Figure 19, the sight's core consisting of the 
inner tube and rear tube is being built. 
appendix 7 (Figure II) shows the HTA 
(hierarchical task analysis) of the preassembly.  

 
Figure 19. Layout, pre-assembly area with station 1-16. 

The preassembly of the sights Micro 1, Hunter 
and Comp starts at either station eight or nine. 
Here does the lens inspection take place, and 
the lenses are approved from dirt and damage 
before they are being mounted on the rear and 
inner tube. The lens rotation is carried out at 
station 10. This task is only performed on 
Micro 2 to reduce parallax effects by rotating 
the front lens to make a light source reflect 
into a small gap in the fixture. Micro 2 requires 
this operation because the lens has a different 
design compared to the other of Aimpoint’s 
types of sights. Further, the lenses are glued 
onto the inner tube and rear tube on any of 
the station 11-13. At station 15 for the Comp-
sights, the diode is being attached in the 
correct place on the inner tube by using a 
collimator, and is then fixated with glue. The 
diode mounting on Micro 1 is made in a 
similar way at station 14 and the diode of 
Micro 2 is being mounted at station 16 due to 
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its need of UV-L for hardening the glue. The 
mounting of the diode on Hunter is made on 
the house in its own assembly line, more 
described in section 5.1.4. The Comp-sight has 
an additional task of the pre-assembly on 
station 7 whereby hot melted glue is used on 
the diode’s conductors as protection. Stations 
1-6 are the flexible stations and are used for 
several different operations. These stations are 
meant for customized sights or replacement of 
parts on sights that has been sent back for 
various reasons, mostly for battery 
replacement. 

5.1.2 Comp mounting  

Comp is an umbrella term for several models 
such as the Comp series including PRO 
(Figure 20), ML3, 9000 and more. The sizes of 
these differ between 120-200 millimeters and 
are manufactured for hunting and military 
use. 

 
Figure 20. A Comp-sight (PRO) with details. 

The assembly is made at the white line 
containing five workstations, illustrated in 
Figure 21. The HTA of the Comp assembly is 
shown in appendix 7 (Figure III).  Without 
internal inventories and complications, the 
cycle time for this kind of sight is about 25 
minutes. 

On station one called house, a ballring and a 
tiny ball is placed inside of the house, which 
will limit the inner tubes degree of freedom. 
Preparations of the battery terminal are also 
made here.  

 
Figure 21. Plan view over the white line and the vacuum 
test.  

At station two, called house complete, the 
inner tube is integrated into the house and two 
adjusters is mounted on the house which can 
control the inner tubes position. Further, a 
taut spring is threaded between the house and 
the front lens to isolate from sand and gravel. 
At the third station, the electronic parts are 
connected together by soldering. A switch is 
installed and the diode is being tested to know 
this works properly. Before the sight is being 
sent to the next station it goes through a 20 
minutes vacuum test to ensure it is leak-proof.  
This test is being made on a separate station 
(Figure 21), and is used for all the different 
kind of sights. The cleansing of the lenses is 
made on station four. This is made both on 
the inside and outside before the rear tube is 
glued and screwed into place on the back part 
of the sight. Station five is taking care of the 
final assembling of the product. Here the 
inner tube and diode are being centered. It is 
then being tested to see that it still works. 
Covers to protect the adjustments screws are 
mounted and the house is being polished to 
obtain a smooth surface free from dirt.  

5.1.3 Micro mounting 

Micro comes in two versions, one older model, 
Micro 1, and one newer version, Micro 2, 
manufactured with a newer method. The HTA 
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of both these sights can be seen in appendix 7 
(Figure IV). Both of them can be assembled 
within a time of 24 minutes. Micro (Figure 22), 
as heard by the name is small and has a size of 
62-77 millimeters, and is thereby the smallest 
kind of sight Aimpoint manufactures.  

 
Figure 22. Micro 2 sight with details. 

The two models are manufactured in two 
versions, one for hunting and one for law and 
enforcement, but is manufactured in the same 
way in the cleanroom. First in the packaging, 
they are receiving their accessories to fit the 
right area of use. Micro 1 is mounted at the red 
line while Micro 2 is assembled at the pink and 
yellow line, (Figure 23). Micro 1 is mounted in 
a similar way as Micro 2, and is preassembled 
in the same way as Comp. The assembly of 
Micro 1 will therefore not be described.  

 
Figure 23. Layout of the red, yellow and pink line, 
vacuum test and the adjustment table. 

The assembling of Micro 2 starts on the first 
station (or the 16th station in the preassembly) 
on either of its two lines where a collimator is 
used to position the diode. At the second 
station, house complete, the inside of the 
house is being greased just like Comp, and a 
tiny ball is placed. The inner tube is placed and 
a stop ring is mounted on the sights front. At 
the same station, the soldering is made by 
another assembler who is connecting the 
cables of the diode with the electronics by 
using molten tin. The knob switch (Figure 22), 
gets greased and mounted on the sights side. 
The third workstation is mounting and 
screwing the electronic parts to its right 
position in the knob switch. The night vision 
mode (diode check) is tested before it can be 
sent to the next station where the diode is 
being centered. This is done at the adjustment 
station for Micro, which is not situated in the 
lines, but at the station marked with an X in 
Figure 23. The sights are thereafter vacuum-
tested. The approved sights are having the 
lenses cleaned, controlled and the rear tube is 
mounted at the fourth station, in the same way 
as Comp. The fifth station is responsible for 
the final assembly, involving a finishing of the 
house and cover caps is mounted on the 
adjusters.  

5.1.4 Hunter mounting 

Hunter is the largest of the three investigated 
sights with a size of 197-229 millimeters. 
This sight is used only for hunting and is 
assembled in about 32 minutes, at the blue 
line, illustrated in Figure 24. appendix 7 
(Figure V) shows the HTA of this assembly. 

The request of Hunter is lower than the other 
two mentioned sights and fewer assemblers 
have therefore experience in the 
manufacturing of this sight.  
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Figure 24. Layout of the blue line and vacuum test. 

At station one the inner tube is integrated into 
the house (house complete) and a stop ring is 
screwed on the sight front. An adjustment 
spring is installed afterwards. The diode is 
mounted at the second station, again with help 
of a collimator and then glued on place. The 
third station takes care of the pre-assembling 
of the electronics in the house of electronic for 
Hunter (Figure 25). Two adjusters are glued on 
the house to enable adjustments of the inner 
tube, and the house of electronics is screwed 
on place.  

 
Figure 25. Hunter sight with details. 

By soldering the cables of the diode with 
molten tin, they are connected with the 
electronic parts on the fourth station.  The 
electronics are then screwed on place in the 
house of electronics. At the fifth workstation, 
the diode is adjusted to the neutral position 
and the sight is then forwarded to the vacuum 
test station. As soon as this is approved, the 
sight is returned to the fifth workstation where 
the final assembly takes place. The lenses are 
cleansed and then the rear tube is mounted. 
The diode is controlled once again and the 
house is polished.  

5.2 THE PACKAGING  
The packaging area consists of 13 workstations 
(station 5 and 10 does not exist, thereby 13 
workstations), illustrated in Figure 26, where a 
team of 10 employees and one extra hired 
assembler works. The HTA for the packaging 
is to be seen in appendix 7 (Figure VI).This 
work is performed outside the clean room and 
does not need to be done with special work 
clothing except for safety shoes. Gloves are 
advantageous at some stations where adhesives 
are used. 

 
Figure 26. Layout of the packaging line.  

When the sights are assembled and ready from 
the cleanroom, these are sent for a laser 
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marking which is managed by the packaging 
team. First, the neutral position is marked for 
the relay on those sights that requires it and is 
then marked with an article number. When a 
batch is completed in the laser marking it is 
sent to the packaging area. Here do the 
different products gets a variety of accessories 
according to customer requirements and in 
which field they are going to be used.  

At station one, Micro 1 is mounted and Micro 
2 at station two. At these stations the lens 
covers are attached as well as a mount that 
requires pre-assembly. These are then sent 
forward to station three and four where the 
cartons are folded together and the sights are 
packaged with foam rubber, battery, a manual 
and tools. The sights associated with Comp 
and Hunter are also assembled with a mount 
that requires pre-assembling, lens covers and a 
battery plug to keep the battery in place, at 
station six, seven and eight. Station nine is 
used as an extra station to fix returned item 
that has been repaired in the cleaning room 
and has to be packaged again. Station 11, 12 
and 13 are handling the folding of the boxes 
and packages these with foam rubber, battery, 
manuals, either a Comp sight or Hunter and 
sometimes extra supplies. Spare parts such as 
O-rings, screws, tools etcetera are packaged 
into smaller boxes at station 14.  

Depending on which accessories to be 
mounted, the work in the packaging is made 
in about 3-5 minutes per sight. The sights can 
on the other hand remain in the packaging for 
1-3 days, for all the products, before they leave 
the area.  The assemblers in the packaging are 
rotating between the workstations every fourth 
hour. However, they have a greater possibility 
to work a little freer relative to the cleanroom 
and on several workstations a day, depending 
on if and where it is needed.  

5.3 OBSERVATIONS  
Our own general perception was created in the 
production department by observations 
without disturbing the ongoing work.  This 
provided part of the basis for the situation 
analysis from uninitiated eyes. The focus of the 
observations was mostly on the different 
working postures at the workstations, but also 
the physical and psychosocial factors impact 
on the work.  

5.3.1 Cleanroom 

The observations in the cleanroom could be 
categorized into four parts, how the working 
postures were in general, which workstations 
that contained poor working postures and 
physical and psychosocial factors.  

In general through all lines, the work consisted 
of moves, which needed precision and were 
repetitive. Many of the details that were 
assembled were very small, which required 
good lighting to be installed correctly. The 
choice had although to be made between 
raising the worktable to see the details better 
or to lower the worktable to maintain stability 
in arms and shoulders while working. The 
latter was most frequently occurring, and 
meant working with a bent neck, even if 
magnifying lamps were available to use at some 
of the stations. Some stations included 
strenuous hand and wrist movements, such as 
when parts had to be screwed in place by hand 
and the wrist was being tilted.  
At all stations, tools and components were 
close-by as well as the internal stocks. This 
proximity contributed as well to fewer 
disruptive flows in the cleanroom. The boxes 
with components, situated on the other side of 
the table, could contribute to stretching the 
upper body for the ability to reach. All stations 
except for three had height-adjustable 
worktables, which allowed the possibility to 
choose a standing or sitting posture regardless 
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of body height, which many of the assemblers 
took advantage of.  

We also found issues on specific stations. 
Based on our own observations and the 
assembly of the Comp sight, the station where 
the lenses were glued to the inner tube (station 
12), on the preassembly line, was considered as 
strenuous. This was mostly because of the un-
adjustable worktable but also because the 
station required high precision and accuracy. 
The glue had to be evenly applied and cover 
around the entire lens to be leak proof. This 
requirement of accuracy contributed to a very 
bent neck in order to see and to make sure the 
adhesive had covered the side of the whole 
lens. At the Comp-line at house complete 
(station 2), two processes were considered 
difficult to perform, not only because they 
demanded precision, but also force. The 
mounting of the stop ring was considered 
tough and contained complex hand 
coordination. The insertion of the small 
spring also contributed to a bent and twisted 
wrist position. The electronics at Comp 
(station 3) required good eyesight while 
soldering and the body consequently adapted 
a position with the neck bent forward and a 
flexed back (Figure 27).  This body posture 
occurred frequently for the possibility to see 
the small soldering parts better. The diode 
check, which was conducted on the third and 
the fifth station on every line, was difficult to 
perform without a maximum forward bent 
neck and back (Figure 28). This was done by 
placing the sight on the worktable to get a 
pitch- black background, for the ability to see 
the diode at the lowest relays, and visually 
check the diode, whereby the head had to be 
next to the sight.  

 
Figure 27. Body posture while soldering (Comp). 

 
Figure 28. Body posture while checking the diode 
(Micro). 

The cleansing (workstation 4 at all lines) was 
experienced as demanding on the arms while 
keeping the head straight and the vision 
forward. The arms had to be raised and 
abducted sideways far from the body to be able 
to clean the front lens internally and 
externally.   
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Regarding the psychosocial environment, the 
perception was that the coherence in the 
cleanroom was good with a friendly 
atmosphere. The assemblers were having 
conversations between the workstations while 
the work was done. If help was needed, 
colleagues or shift leaders seemed to always be 
there to help. The work on the other hand 
seemed monotonous and partly 
unchallenging.  

Concerning the physical environment, the 
temperature in the room was experienced as a 
bit chilly and light draft from the ventilation 
could be felt at some stations more than 
others. The temperature was investigated 
during 16 days (Appendix 8) to give an average 
of the temperature to be 19.6 degrees Celsius, 
which was considered comfortable apart from 
the easy draft. The lighting was available in 
several variants. Ceiling lights were on all the 
time. Each workstation also contained at least 
one strip light to enlighten the entire 
worktable. Smaller desk lamps to easier target 
proper lighting into the right direction were 
also available at every workstation. At the 
soldering stations, magnifying lamps had been 
installed to enhance the vision. No significant 
noise could be established but was investigated 
to be correct. From measurements made 
during six days (Appendix 8) in the afternoon, 
while two shifts were working, an average was 
given to be 59.6 dB(A).Tools and equipment 
did not seem to be causing any discomfort 
through vibrations and most of them were 
installed with relief arms and pulleys. 

5.3.2 Packaging 

Since only one sight was assembled by 
ourselves, our own opinion about the 
packaging area was difficult to get. This was 

especially since the time it takes to finish the 
sights and boxes was very short. Some parts 
were however discovered.  

Generally in the packaging part of the 
production, extreme positions were used at 
some stations, such as raised shoulders and 
arms above shoulder height. On several 
stations, the assemblers were working with a 
flexion of the neck for the ability to see as good 
as possible. The rotation in the packaging was 
however made more frequent, which led to a 
higher variation of postures.  

We observed specific issues in the packaging as 
well. While loading and unloading the laser 
machine from and to a batch, it was common 
that the worker stood in the same position 
with the legs and therefor only rotated the 
upper body. For the ability to reach, 
assemblers mostly worked with a strained and 
bent back at this station.  

The feeling regarding the psychosocial 
environment is that a friendly, social and 
pleasant atmosphere is maintained in the 
packaging as well. Conversations were made 
between colleagues and the teamwork seemed 
good.  

The physical environment, such as the 
lighting, appeared pleasant but was perceived 
a bit dark at some stations and placed wrong 
in relation to the work, which was to be 
performed. The packaging had a warmer 
climate compared to the cleanroom, which 
was measured during 16 days to the average of 
24.6 degrees Celsius (Appendix 8). Because of 
the ongoing construction work next door, it 
prevented us from measure the noise level. 

5.4 QUESTIONNAIRE 
Halfway through the project, a questionnaire 
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was submitted and handed out to all 
assemblers in the production. At the moment 
of the hand out 39 assemblers were working in 
the cleanroom whereof 25 of them responded. 
In the packaging were 9 working, whereof 8 
replied.  The questionnaire can be seen in 
appendix 4, and a compilation of it is found 
below.   

5.4.1 Cleanroom 

Of the respondents, 14 were women and 11 
men. The respondents of both genders were 
mainly in the age interval 31-35 and 41-45.  

The first question was about the extent of 
stress experienced at work, concerning how 
often stress is felt while working. The second 
question about the numbers of options in how 
to perform the work, while the third was 
regarding demands in the work. The questions 
could be answered according to a scale of 0 to 
10, where ten meant always stressed /no 
choice /very high demands. The answers to 
the first three question about stress are listed 
in Table 2.

Table 2. Question regarding stress. First question as blue, second as red and third as green. 

The responses regarding how often the 
assemblers felt that there was not enough time 
to perform the work in a satisfying way can be 
seen in Table 3. 

Table 3. Short time to perform work in a satisfying way. 
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The next question, regarding workload, was 
formulated in order to investigate which 
workstations that contributed to the most 
work load in the different body regions, wrist, 
neck and back. The results can be found in 
Table 4, which shows highest workload on the 

wrist at house complete for Comp, electronics 
at Micro 2, and the cleansing for all sights.  For 
the neck and back, these results showed to be 
at the cleansing for all sight followed by the 
collimation and electronics of Micro 2 and 
final assembling. 

Table 4. Body parts affected by workload at different stations. 

 

The workstation that contributed to most 
straining on all of the body regions in Table 4 
showed to be felt during cleansing of the sight, 
with the working posture as in Figure 29. The 
highest workload on only the wrist was on the 
other hand felt during the assembling of house 
complete, at the white line, where one of the 
working postures is to be seen in Figure 30. A 
staining posture of the electronics at Micro is 
shown in Figure 31, where force is applied 
with the thumb on the electronic plate. This 
has to be done to get the electronics into 
position before screwing on a locking ring to 
prevent the plate from losing the connection.  

Figure 29. Cleansing of the lenses (Micro). 
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Figure 30. Insertion of stop ring (house complete, Comp). 

 
Figure 31. Electronics on Micro 2. 

The work at the collimator for Micro 2 (station 
1 or preassembly station 16) proved to be 
significantly damaging on the neck and back 
because of the flexed and twisted upper body.  
A typical posture is seen in Figure 32. 
 

 
Figure 32. Working posture, collimation (Micro 2). 

The stations that were seen as most stressful   
are shown in Table 5. The reason why the final 
assembling and cleansing were considered 
stressful, were pace trouble according to the 
assemblers. These are the last stations on the 
line and the pressure usually seems higher here 
to finish the number of sights that is 
demanded. Cleansing could also be stressful 
because the lenses sometimes could be very 
dirty and took additional time to clean.  

Table 5. Workstations perceived as stressful. 
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The following questions concerned the 
physical environment. In the cleanroom 88 % 
of the respondents said they were performing 
the break for gymnastics every day or at least 3-
4 times a week. Roughly, half of the 
respondents thought the temperature in the 
cleanroom was to cold, 36% that it was okay 
and 16% to hot. Considering the ventilation, 
46% pointed out that it was okay, 42% that 
the ventilation was not good and 13% that it 
contributed to noise.  
Regarding the vibrations arising from the 
handheld tools, the answers differed a lot and 
are shown in Table 6, where 0 means not at all 
strenuous and 10 very strenuous.  

Table 6. Perceived strenuous vibrations from handheld 
tools. 

 

Regarding the question about the lighting 
conditions at the workstations, the answers 
differed as well. 67% of the respondents were 
satisfied with the light and the rest thought it 
was either too bright or too dark (Table 7). The 
stations including the improper lighting were 
shown to be the stations performing cleansing, 
mostly because the light was too bright to look 
into to detect dirt particles. The electronics 
station for Micro 1 and 2 and the gluing of the 
lenses were also stations containing improper 
lighting. A third of the respondents claimed to 
have felt irritation in the eyes after using the 
UV-L at the station performing lens rotation 
or the collimation.  

Table 7. Lighting conditions at the workstations. 

  

The last question on the questionnaire were 
addressing if the assemblers felt that 
something was missing in their work. Two-
thirds replied and some said that height 
adjustable worktables were desired at every 
workstation. Some meant that they wanted the 
current salary system to be abolished. A wish 
for more positive feedback and 
encouragement from the management to 
make the work more motivating was also 
desired. An increased rotation, for example 
every hour, would also be preferable as were 
more self-control in the work.  

5.4.2 Packaging 

The response from the packaging was very high 
(8 of 9 responded) whereof 6 women and 2 
men answered.  All of them with varying age 
and hired since many years back.   

On a scale of 0 to 10 the stress was weighted 
on the questions about how often stress was 
felt in the work, how many options there was 
in how to perform the work and how high the 
demands were in the work performance. The 
results are seen in Table 8, where 0 means 
never stressed/ no options/ no demands, and 
10 the opposite. 
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Table 8. Answers to the three first questions regarding the perceived stress frequency, options and demands in the work. 

Results of how often the assemblers felt that it 
was insufficient time to perform the work in a 
satisfying way are seen in Table 9. 

Table 9. Insufficient time to perform work in a satisfying 
way. 

 

Concerning the next question about 
workload, two responded that the stations 
where screwing is done without electrical tools 
could lead to fatigue in the wrist and hand. 
Another answer was that the part of the 
assembling where the flips are mounted on 
Micro and Comp could be strenuous on the 
wrist. The rest in the packaging meant that 

there was not any particular station that was 
considered more strenuous on the wrist.  
The station considered to be leading to fatigue 
in the neck/back was shown to be mainly the 
laser station (Figure 33) because of a bent 
working posture with stretched arms to reach 
down the machine. Some also mentioned that 
all stations were strenuous, the assembling of 
the sights and the washing station.  

Only two of the assemblers answered that all 
stations felt stressful. The reason for that was 
said to be flawing material and interruptions.  

 
Figure 33. Working posture at the laser station. 
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Next were questions about the physical 
environment. Almost everyone in the 
packaging said they were performing the break 
for gymnastics every day or 3-4 times a week.  
Half (four) of the respondents felt that the 
temperature was too hot in the room, three 
thought it was too cold and only one of the 
assemblers felt that the temperature was okay. 
Regarding the ventilation, only one thought it 
was okay and the rest meant that it makes too 
much noise or pointed out that it was poor 
ventilation.  

Vibrations from the tools that were used and 
how strenuous these felt are shown in Table 
10, where 0 is considered not strenuous and 
10 very strenuous.  

Table 10. Perceived strenuous vibrations from handheld 
tools in the packaging. 

 

The lighting conditions were weighted from -5 
to 5, where -5 meant too weak lighting and 5 
too bright. The answers are to be seen in Table 
11. Three of those who answered meant that 
the lighting was too weak at all stations and 
one meant that this was especially on 
workstations were the assembling takes place. 
None of the respondents had experienced 
irritation in the eyes on any of the 
workstations.  

 

Table 11. Lighting conditions in the packaging. 

 

Other desirable things were a better 
ventilation (more oxygen in the air), a more 
frequent rotation between the workstations 
and an adapted working area.  

5.5 RULA 
The Rapid Upper Limb Assessment was 
carried out during three weeks in this work. 
This was done in order to observe the working 
postures used by different assemblers, and to 
see if differences existed in how to carry out 
the work tasks. Selected work positions that 
were considered constantly occurring were 
examined three times at each station. Stations 
across the lines that involve the same tasks are 
marked with a blueish color in the tables 
presented below, to signalize the links. The 
results are shown below, where the color codes 
are based on the final value of each work 
position and station, and are as follows:  
Green (1 or 2) = acceptable posture. 
Yellow (3 or 4) = needs further investigation, 
change may be needed. 
Orange (5 or 6) = needs further investigation, 
change soon. 
Red (7) = investigate and implement change. 

5.5.1 Cleanroom 

In the preassembly line, the investigation was 
carried out at all workstations except for 
workstation 16, since the station is the same as 
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the first station on the line of Micro 2. The 
values of the stations from the preassembly 
line are seen in Table 12.  

Table 12. RULA results of the preassembly. 

Station (number) RULA 

Night camera (7) 5 4 3 

Lens inspection (8, 9) 3 4 4 

Lens rotation (10) 3 3 4 

Glue lens (11, 12, 13) 3 4 4 

Collimation (14, 15) 3 3 3 

Collimation Micro 2 
(16) 

   

Since all the assembly lines includes cleansing 
of the lenses at workstation 4 (except for 
Hunter which is made on the fifth station), 
this station was the only chosen one to be 
examined three times in total of both Micro 1, 
2 and Comp. The summarized results for 
Comp, Micro 1, Micro 2 and Hunter are 
shown in Table 13, Table 14, Table 15 and 
Table 16. 

Table 13. RULA results of the Comp line. 

Station (number) RULA 

House (1) 4 3 6 

House complete (2) 4 4 5 

Soldering (3) 3 4 3 

Cleansing (4) 5   

Final Assembly (5) 3 3 4 

Table 14. RULA results of the Micro 1 line. 

Station (number) RULA 

House complete (1) 4 4 3 

Soldering (2) 4 4 4 

Electronics (3) 6 4 4 

Cleansing (4) 3   

Final Assembly (5) 4 4 4 

Table 15. RULA results of Micro 2. 

Station (number) RULA 

Collimation (1) 5 6 5 

House complete (2) 3 4 3 

Electronics (3) 4 4 6 

Adjustment area 4 3 4 

Cleansing (4) 5   

Final Assembly (5) 4 4 4 

Table 16. RULA results of Hunter. 

Station (number) RULA 

House complete (1) 4 3 4 

Collimation (2)    

Adjusters (3) 4 4 4 

Electronics (4) 5 3 5 

Cleansing (5) 3 3 4 

5.5.2 Packaging 

The results from the RULA in the packaging 
can be seen in Table 17. Since it roughly is the 
same performance between the different type 
of sights, such as packaging, mount lens caps 
and assembly mounts, the different processes 
were investigated rather than every 
workstation.  

Table 17. RULA results of the packaging. 

Station (number) RULA 

Mounters Micro (1, 2) 5 3 3 

Packaging (3, 4) 3 5 3 

Laser 4 4 5 

Mounters Comp (6, 7) 4 3 3 

Lens caps (1, 2, 7, 8) 3 3 4 

Packaging (11, 12, 13) 4 4 3 

Spare parts (14) 4 3 3 

5.6 INTERVIEWS  
To gain a better understanding of which 
operations at the different workstations that 
were considered as strenuous, and the reason 



 

52 

 

CURRENT STATE 

for this, the questionnaires were followed up 
with interviews.  The respondents in the 
interviews were all very helpful and gladly 
answered the questions and elaborated on 
them with important and useful information. 
Through all the interviews, the assemblers 
were happy to show visually in real time where 
the problems were, and the causes of straining 
on the body. From the interviews, it was also 
understood that many of the assemblers stays 
many years in the work because of the 
colleagues, and enjoys each other’s company. 

5.6.1 Cleanroom 

In the cleanroom, focus was mostly on the 
stations which were classified as given the most 
burden based on the questionnaire. During 
the semi-structured interview, it emerged 
however that some stations that were not 
mentioned in the questionnaire were 
considered as strenuous. The interviews 
therefore contributed to not only a follow up 
to the questionnaire but also to a wider 
investigation of additional workstations and 
work activities.   

WRIST AND HAND 
Based on the questionnaires, house complete 
for Comp (station 2) was classified as one of 
the workstations containing highest burden 
on the wrist. Through the interview on station 
2, a visual instruction in the performance 
could be given. House complete has been 
found to contain three major tasks, which all 
are strenuous on the wrist, involving both 
power and precision. To integrate the inner 
tube to the house (Figure 34), the worker 
needed to twist the wrist combined with force. 
In addition, when the adjuster spring was 
being placed (Figure 35), force was used again 
to compress the spring in and down to its 
position between the house wall and inner 
tube. Finally, the stop ring needed to be 
expanded and placed in position with force of 

the fingers, before the ring was being pressed 
down with applied force from the wrist with a 
tool (Figure 36). A four hour work at this 
station means about 225 repetitions of these 
three processes together. 

 
Figure 34. Insertion of inner tube (Comp). 

 
Figure 35. Mounting of spring (Comp). 

 
Figure 36. Mounting of stop ring (Comp). 

All of these wrist activities did not only require 
a tense wrist but also to work with the wrist in 
bent or twisted positions, in angles that 
differed from its neutral position. While all 
the three mentioned steps were performed one 
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after the other, it contributed to a fatigue in 
the hand and wrist, especially when performed 
during 4 hours. The rest of the body on the 
other hand worked in good positions with 
help from the height adjustable worktable and 
seating furniture.  
On the stations where the cleansing was 
performed, the wrist was flexed or extended to 
remain steady on both the right and left side 
to keep the cotton swabs and sight in the right 
position. To keep the head straight, the arms 
were working in a raised position and with 
bent wrists to access the lenses. The upper 
arms could in many cases also work in 
positions abducted from the body without 
support (Figure 37).  

 
Figure 37. Abducted arms during cleansing. 

The electronic parts were very small on Micro 
and the handling of these (station 3) required 
a lot of precision work. Because of the small 
details, the wrists often had to work in bent 
positions.  
No assembler mentioned any specific 
workstation along the blue line (Hunter) in the 
questionnaire. This was investigated through 
the later interviews, which showed that the 
cleansing and house complete at this line also 

were considered as straining workstations for 
the wrist. The sight was not only heavier to lift 
but the lens was also more difficult to clean 
internally due to the length of the house. The 
station that conducted the house complete 
had to screw the stop ring to place by hand 
which contributed to fatigue in the wrist.   

NECK AND BACK 
The cleansing station at all stations 
(workstation 4, or 5 for Hunter) had the 
highest proportion of responses concerning 
being strenuous on the neck and back. The 
interviews revealed that the work posture often 
required a forward-leaning head with an 
extended neck for the ability to see as good as 
possible and to discover the dirt particles on 
the lens. Due to having the worktable in the 
right height to support the arms, it contributed 
to a bent neck and back instead.   

By the collimation of Micro 2 (station 1 and 
preassembly station 16) the neck was both bent 
and twisted every time a diode was glued on, 
for the ability to see the backside of the inner 
tube (Figure 32). 

Some assemblers could refer to that the final 
assembly was loading for the neck, especially 
during the diode check. Other sub-tasks at this 
station also applied to a bent neck for visibility 
such as calibrating the diode of Hunter and 
Comp, where the neck was twisted to see the 
screen. 

In the cleanroom, there were three stations 
without height adjustable worktables. One of 
them was the adjustment area for both Micro 
1 and 2. The only reason why this station was 
mentioned as straining for the neck and back 
was because the worktable was not adjustable. 
If a standing position was desired, it 
contributed to a bent posture to see properly.  

The installation of the electronics for Micro 
(station 3) and the lens rotation for Micro 2 
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(station 10) included small details that had to 
be done correctly in order to get approved 
sights. The assemblers thereby chose to 
stabilize their arms on the worktable and bent 
the neck and back in order to see well. 

To check the diodes night vision mode, 
darkness was needed and the worktable was 
therefore used as an obscuration. For the 
ability to see the red dot, the assembler needed 
to bend the upper body over the sight which 
stood vertically on the table. 

STRESS 
In the questionnaire, we looked for which 
workstations that were considered as stressful, 
which most of the assemblers replied with 
cleansing, the final assembly and the 
collimation. However, from the interviews it 
was revealed that the vacuum test also could 
occur as a very stressful station when sights 
were leaking. When this happens, the allotted 
time to repair was not always enough and the 
consequence were that the assembler had to 
work faster to make their individual 
production goal. The Micro-sights had a 
similar problem with the installation of 
electronics, when the sight had to be 
impermeable. The purchased components 
which have tolerance differences did thereby 
not always fit. This lead to that the assembler 
had to troubleshoot which component that 
was defective before they could change it, 
which was not always an easy task. This was 
considered frustrating because the assemblers 
could not affect this and it became stressful 
when they therefore fell behind in the 
production rate. 

ADDITIONAL PROBLEMS 
Other parts that were said to be missing in the 
work were the lack of education in 
ergonomics, and about the sights functions 
and its use. Interviews also revealed that the 
noise from the air pressures sometimes could 

be considered as too high.  

5.6.2 Packaging 

The laser station provided physical stress in the 
lower back for the longer individuals and in 
the shoulders for the shorter ones (Figure 33). 
From further interviews based on the 
questionnaire, the floor was considered as too 
hard to stand on during a full day and softer 
floor was desirable. Rubber mats have been 
tested but restrict med maneuverability of the 
mobile aid tables which made these not usable. 
Another interview revealed a station that was 
not examined earlier in the project which was 
affecting the wrist significantly. This station 
was located outside the cleanroom and was 
preparing old sights (CS) for treatment. The 
reason to have it outside of the production was 
because the sights often were dirty. The CS-
preparations to dismount the lens covers and 
the switch were harmful to the wrist.  

5.7 EARLIER ERGONOMIC 
EVALUATION 
Based on the earlier work by an ergonomist at 
Aimpoint in 2015, all the assemblers got to 
weight every workstation on a scale from 0 to 
10 considering the load. The results can be 
read in Table 18 and Table 19 where 0 = No 
load and  10 = highest load. 

Table 18. The estimated workload from the earlier work 
by the ergonomist in the cleanroom. 

Station cleanroom Value 
Cleansing (stat. 4) 9,5 

House complete (stat. 2) 7 
Glue lens (stat. 11,12,13) 6,5 
Lens inspection (stat. 7) 6 
House (stat. 1) 5 
Electronics (stat. 3) 4,5 
Final assembly  (stat. 5) 4,5 
Hot melt glue (station 7) 4 
Collimation (stat. 1 Micro 2) 2,5 
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Table 19. The estimated workload from the earlier work 
by the ergonomist in the packaging. 

Station packaging Value 
Comp mounting 8 
Washing 6,5 
Laser 5 
Packaging 4 
Micro mounting 3,5 
Preassembly 2,5 

5.8 COMPARISONS 

The results from our observations, the 
questionnaire, interviews and RULA were 
compared to last year’s survey by the 
ergonomist. The psychosocial environment 
and physical factors like stress, noise, lighting, 
temperature or ventilation were excluded in 
the ergonomist investigation at the visit 
previous year.   

5.8.1 Cleanroom 

The comparisons were made separately for the 
different body parts. 

WRIST AND HAND 
Based on the questionnaire and the interviews, 
many responded that the stations performing 
house complete and the cleansing was taxing 
on the wrist. These two stations also got the 
highest score in the weighting made by the 
ergonomist last year, with help from the 
assemblers’ opinions.  The electronic parts 
that are soldered on Micro 2 have also been 
interpreted as a demanding station through 
the questionnaire. The soldering station was 
although not considered as straining as the 
gluing and inspection of the lens, according 
the ergonomist work. These two latter stations 
were not mentioned neither during the 
questionnaire nor during the interviews.  

NECK AND BACK 
For the neck and back, the results from the 
current state above, already showed that the 
final assembling was considered as straining.    
The collimation did not get a particular high 

weight on the work by the ergonomist and can 
be explained by that the collimation for Micro 
2 did not exist at the time of his or her work. 
Many of the respondents pointed out that load 
on both back and neck could be felt at this 
station for Micro 2.  The station handling 
electronics and the diode control was weighted 
as a cause of load on back and neck. The diode 
check was not weighted as an own task at the 
ergonomist work but was assumed to be 
included in the station of electronics.  The 
lens rotation at Micro 2 was categorized as 
straining on the neck in the questionnaire, 
however it was not mentioned in the 
ergonomist work.  

5.8.2 Packaging 

The comparison was performed on the 
packaging as well. 

WRIST AND HAND 
As the earlier work showed, the assembly of 
accessories for Comp was the most straining 
part. This has also been shown in the 
questionnaire that the mounting of Comp’s 
lens covers requires a lot of effort from the 
wrist and hands. In comparison with Micro, 
the lens cap is much more difficult to mount 
even if tools are available to use.  

NECK AND BACK 
The laser processing emerged from both the 
ergonomist previous work and the 
questionnaire to be straining to the neck, back 
and shoulders. Numerous and repetitive 
movements occurred where the back was bent 
and stretched forward. 

5.9 OCRA 
The occupational repetitive actions assessment 
calculations are being presented in numbers 
and in color codes. This section will present 
the OCRA results of the lines preassembly, 
Comp, Micro and the packaging. All with two 
calculations each, assuming an assembler 
would work on the same station for 8 hours 
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and if an assembler would rotate after 4 hours. 
The matrices (Table 21, Table 23 Table 25 and 
Table 27) revealed which combinations that is 
favorable during a shift with one work rotation 
every fourth hour since the work is designed in 
that way. Due to the low production of 
Hunter, these stations were often empty and 
OCRA was therefore not performed along this 
line. The result of the ratio is obtained in an 
exposure index that derives the level of 
intervention. Occhipinti (1998) defined it 
with three levels based on the "traffic light" 
principle, green (<2.2), amber (2.3-3.5) and red 
(> 3.6). The index colors indicates if the task is 
good, if it needs further investigation or if an 
intervening action is urgent.  

5.9.1 Cleanroom 

The OCRA-results, assuming an assembler to 
be working at same station for eight hours, are 
presented in Table 20, Table 22 and Table 24. 
The matrices in Table 21, Table 23 and Table 
25, are presenting the results of the 
preassembly, Comp and Micro line, when the 
rotation is made once a day.  

PREASSEMBLY 
The preassembly is friendly (Table 20) through 
a repetitive perspective and it is mostly because 
it is easy tasks without force in adequate arm 
postures. The lens rotation, lens gluing and 
collimation (station 10, 11-13 respectively 14-
16) have all hardening time included into the 
process where the assembler has to wait.  

Table 20. OCRA of Preassembly during 8 hours. 

Station 8 and 9 10 11 - 13 14 - 16 

OCRA 2,24 1,55 1,48 0,87 

The lens inspection (station 8 or 9) was 
evaluated on the border of the green zone 
(<2.2) due to the highest amount of actions of 
them all and a less preferable posture. Every 
preassembly-station except the collimation had 

an allotted time slightly more than one 
minute. 

Table 21. OCRA matrix of Preassembly line. 
OCRA 8 and 9 10 11-13 14-16 
8 and 9   1,86 1,83 1,50 
10     1,52 1,21 
11-13       1,18 
14-16         

Every combination, with a rotation once a day 
on the preassembly line is coded in green, seen 
in Table 21.  

COMP 
Table 22 shows the OCRA results on the work 
that is performed across the white line. 

Table 22. OCRA results of Comp, 8 hours. 

Station 1 2 3 4 5 

OCRA 2,47 4,95 2,42 4,24 3,40 

Station 1, 3 and 5 are coded yellow, yet they 
are close to different border zones.  
The two worst stations were house complete 
(workstation 2) and cleansing (workstation 4).  

Table 23 is presented in same way as Table 21 
by color codes and numbers. The yellow 
combinations are more favorable, but 
choosing a combination means that you lock 
these stations from other different 
combinations.  

Table 23. The OCRA matrix on the Comp line. 
OCRA 1 2 3 4 5 

1   3,53 2,45 3,21 2,94 

2     3,72 4,60 4,06 

3       3,33 2,99 

4         3,75 

5           

Many stations are valued to the red zone and 
all the yellow ones are on high levels. 

MICRO 2 
The results showed slightly different results 
with lower values across the Micro 2 analysis 
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compared with the Comp line. The first three 
stations were coded as yellow, as seen Table 24.  

Table 24. OCRA-results on the Micro 2 lines, 8 hours. 

Station 1 2 3 4 5 

OCRA 2,76 2,31 3,17 4,24 3,71 

As for the matrix (Table 25) on the Micro 2 
line, more combinations that are favorable was 
revealed since the order of workload was 
different from Comp. Only two combinations 
were red, both with involvement of cleansing. 
However, combination 1-4 and 3-5 were very 
close to the limit of red zone (>3.6). 

Table 25. OCRA-matrix of the Micro 2 line. 
OCRA 1 2 3 4 5 

1   2,54 2,97 3,44 3,28 

2     2,74 3,19 3,06 

3       3,66 3,46 

4         3,93 

5           

5.9.2 Packaging 

Since there are parallel lines that perform 
almost equivalent tasks between the sights, this 
could be simplified in three processes: Flips 
and battery cap, Rail mounting and the 
Packaging into box. Except for these three 
processes were also the Laser and the CS-
preparations considerable operations.  
Table 26 is presenting the results of the OCRA 
in the packaging assuming an assembler would 
carry out the same task during 8 hours. Table 
27 shows the results of the OCRA matrix of 
the combination in the packaging. 

Table 26. OCRA of the packaging during 8 hours. 

Station Laser 7 11 14 CS 

OCRA 1,67 2,89 2,78 3,09 7,99 

The CS-preparations were twice the value of 
the red zone limit. Three stations were within 

the yellow zone and one in the green zone. CS-
combinations became red while the rest was 
coded yellow. The laser station had however 
an operation time included into the procedure 
whereby the assembler had to wait, which 
made it less repetitive. 

Table 27. OCRA combinations of the packaging. 
OCRA Laser 7 11 14 CS 
Laser   2,23 2,23 2,38 4,16 
7     2,83 3,00 5,09 
11       2,94 4,83 
14         5,02 
CS           

5.10 SUMMARY 

The optical handling in the sights requires a 
special room with higher demands of 
cleanliness and ventilation. This area is called 
the cleanroom at Aimpoint and contains of six 
lines. One line is for preassembly where all the 
inner tubes are getting prepared. One line is 
for Hunter, which is one of the larger sights for 
hunting. One line is for Comp, which is 
medium sized, and one is for Micro, which is 
the smallest sight and is assembled along three 
lines. All of Aimpoint’s red dot sight consists 
of three main components: an inner tube, a 
rear tube and a house and are assembled with 
small components along the assembly lines. 
Before the parts enter the cleanroom, they are 
being washed. The lens is then mounted and 
glued onto the inner tube and the diode is 
being attached along the pre-assembly line. At 
the main assembly lines the inner tube is 
installed into the house, electronics are being 
connected through soldering and mounted in 
the sight. The sight is being vacuum tested and 
lenses are cleansed to eventually undergo final 
assembling and adjustments. After the final 
assembling the sights are sent into the 
packaging area, where accessories such as lens 
covers, mount and batteries are mounted. 
Before the accessories are mounted, the sights 
are being laser marked with tags. Boxes are 
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then finally folded where the sights are 
packaged together with protective foam 
rubber. 

Through our methods, HTA, observations, 
questionnaires, interviews, OCRA and 
RULA, it was established which workstations 
that are considered to be most strenuous in 

both the packaging and the cleanroom area.  

5.10.1 Specified list of harmful stations 

The harmful stations are summarized and 
presented in Table 28 and Table 29. The 
workstation is described first by which line and 
sight, and then which task during the 
performance that is considered as harmful

Table 28. List of harmful stations in the cleanroom. 

CLEANROOM    

Workstation (line, 
number and 
name) 

Method Problem Effect on body 

Preassembly 7, 
Night camera 

RULA. Working sideways due to misplaced 
equipment. 

Neck. 
 

Preassembly 10, 
Lens rotation 

Questionnaire 
and interviews 

Tiny components, working with a bent 
neck due to visual demands 

Neck and back. 

Preassembly 11-
13, Glue lens 

Observations No adjustable worktables, transparent 
adhesives in tiny areas is hard to see 

Neck and back. 

Comp 1, House RULA Difficult to reach while gluing the 
inside of the battery house 

Wrist 

Comp 2, House 
complete 

Observations, 
OCRA, 
questionnaire, 
interviews and 
RULA 

Several wrist movements that needs 
force and precision to be installed 
correctly 

Wrist 

Comp 3, 
Electronics 

Observations Small details are hard to see. Assembler 
have to choose between good sight and 
support for arms 

Neck and wrist 

Micro (2) 1, 
Collimation 

RULA, 
questionnaire 
and interviews 

Hard to see when putting adhesive on 
the diode’s far side of the sight 

Neck and back 

Micro (1 and 2) 
3/4, Electronics 

Questionnaire, 
interviews and 
RULA 

Small details, needs pressure to keep 
electronics on place, hard to get details 
on place due to tolerance problems 

Wrist, neck, back and 
stress 
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Micro (1 and 2) X, 
Adjustment area 

Questionnaire 
and interviews 

No adjustable worktable Back 

Hunter 1, House 
complete 

Interviews Screwing stop ring into place Wrist 

Workstation Method Problem Effect on body 
All sights 4/5, 
Cleansing 

Observations, 
Questionnaire, 
Interviews, 
RULA and 
OCRA 

Hard to see and monotonous wrist 
movements. Stressful because it is the 
last station on the line. 

Wrist, neck, back and 
stress 

All sights 3/5, 
Diode check 

Observations, 
questionnaire 
and interviews 

The need of a bended position to see 
the diode 

Neck 

All sights 5, Final 
Assembly 

Questionnaire Stressful because it is the last station on 
the line 

Neck, back and stress 

All sights, vacuum 
test 

Interview Stressful when the allotted time to fix 
the sights that leak is not enough 

Stress 

 
Table 29. List of harmful stations in the packaging. 

PACKAGING    

Workstation Method Problem Effect on body 
All sights, Laser Observations, 

Questionnaire, 
Interviews, 
RULA and 
OCRA 

The laser is not height adjustable. Torso 
twists occur while loading and 
unloading the machine. Stretched arms 
or bent backs are occurring. 

Wrist, neck, and back 

Comp 7/8/9, 
mounting lens 
covers 

Questionnaire, 
Interviews 

Stiff covers, needs force to be mounted Wrist 

CS, additional 
station, take of 
lens covers 

Interviews No tools to use for help taking of the 
first lens cover. Needs force from the 
wrist. 

Wrist 
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6 Analysis of current state 
An analysis was conducted on the given results through the mapping of the current state and will be 
narrated in this chapter. Possible reasons for the different results and the variation of these will also 
be discussed. The main issues in the production in the current situation are also described to provide 
a foundation for the next chapter regarding the ideation phase to reduce the workload at the 
workstations that were considered as more straining on the body.  
 
6.1 MAIN ISSUES IN CURRENT 
STATE 
First of all, it has to be mentioned that the 
company did not have a high sick leave ratio, 
with the highest number of 7,5% in 
comparison with the average value of 19% in 
Sweden within the same profession. What has 
to be taken into account is that even if the 
number of sick leaves were lower than the 
average, some of the reasons for sick leave were 
due to injuries on the body which probably has 
arisen from the performed assembly work.  

With our performed methods in the 
examination of the current state, a number of 
problems were discovered that could lead to 
MSD around the wrist, arms and neck. 
Problems that could contribute to stress were 
discovered as well.  

6.1.1 The production in general 

The larger proportion of components involved 
in the manufacturing at Aimpoint was very 
small and the degree of accuracy on these was 
very high. This means that stability and good 
light condition was required. Frequently, a 
choice had to be made between working with 
raised arms and closer to the eyes or the 
stability of the arms but with a bent neck to see 
properly.  

A major reason for the bad working postures 
may be due to the lack of knowledge about 
ergonomics and its impact on the body in the 
longer run. Several workstations contained 
bent and twisted necks, backs and torsos, 

which all have a damaging effect on the body. 
With this lack of knowledge, helping tools 
sometimes were used incorrectly or not at all 
when these were considered unnecessary.  A 
more appropriate position of tools and 
machines at the workstations, such as the 
screen at the adjustment worktables, would 
maybe make the twists of the upper body and 
neck to not occur to the same extent. 

The allotted time that is expected in order to 
perform the work and the number of sights to 
be manufactured each week also had a stressful 
effect on the body. Due to the perceived stress, 
there is a greater risk to end up in bad postures 
since focus is on working as fast as possible. 
With limited time, the change between tools 
may seem unnecessary and time consuming 
whereby the mounting of components is 
performed by hand instead. The current salary 
system can be an additional contributing 
factor to bad postures due to the increased 
work pace with its constant stress effect.  

The design for manufacturing may seem to 
have been forgotten in some cases. The 
components may appear to be made in a 
disadvantageously way for assembling 
purposes, which contributes to additional 
work for the assembler. Some components are 
designed in a way that only manual tools can 
help to mount but still not in optimal 
positions. With manual handheld tools, some 
of the load is lost in comparison to mounting 
by hand, but is still not considered as 
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advantageous to use, especially in stressful 
situations.  

The results of the OCRA showed not only 
which workstations that were most repetitive 
through an ergonomic perspective, but also 
the results of the workstations combined, 
when rotating once a day. With a daily 
rotation that only occurs once, an increased 
perception of stress and workload can be felt.  

Regarding the physical environment, the 
results did differ. The temperature in the 
cleanroom had to be maintained in the same 
level the whole time because of the optical 
handling. This temperature was seen as to 
warm for some of the assemblers and too cold 
for some, according to the questionnaire. 
Because of the need to wear special clothes in 
the cleanroom area the individual comfort 
only could be changed by using more or less 
clothes underneath. The ventilation also 
seemed to vary in different parts or the room, 
and could result in a colder perception of the 
temperature at some workstations. The 
temperature in the packaging did on the other 
hand vary more from day to day. The highest 
measured temperature in here was noted to 
25.9 degrees Celsius (Appendix 8) and many 
of the assemblers did say that the temperature 
was not satisfying during the interviews.  The 
ventilation in the packaging did not appear to 
operate with a cooling effect that could make 
the work seem more exhausting to perform. 
The noise level that only could be measured in 
the cleanroom due to rebuilding next to the 
packaging, were not seen as disturbing 
according to the questionnaire. The armature 
varied between the workstations and several 
assemblers pointed out that it was not to their 
satisfaction. The lighting is an essential factor 
at some of the workstations where the lack of 
light in addition with small components could 
contribute to a more bent posture.    

6.1.2 Cleanroom 

The results of the interviews and the 
questionnaire showed that some workstations 
in the cleanroom contained operations where 
the same body regions were strained during 
most of the performed actions. Hence the 
work rotation, dangerous workstation-
combinations existed due to the similar 
workload and are performed during 8 hours. 
The unilateral workload would with 
advantage, need to be investigated further. 
Stations that require force and precision 
should not be combined. The affected 
workstations were considered as straining by 
many of the assemblers as well. The 
workstations classified as more straining was 
house complete of Comp, the cleansing at all 
the lines, the electronics and collimation at 
Micro 2 and the final assembling for all sights. 

The OCRA revealed that the production lines 
also may be unbalanced concerning 
repetitiveness from an ergonomic perspective, 
and where harmful on the body. The 
combinations of stations that were available to 
work at during a day showed which stations 
that could provide a higher degree of load 
when they are performed after each other. An 
even higher rate of load was given at those 
stations that contained load on the same body 
part such as the wrist or neck. Examples are 
station 2 and 4 at the Comp-line, both 
straining on the wrist and repetitive at the 
same time.  In order to determine the best set 
of combinations, a further investigation and 
planning is required. It is the company’s 
decision to have similar weekly load or to 
choose that some days gets heavier and other 
days weighed up with easier workload.  

The results from RULA mainly revealed values 
that are classified as in need of further 
investigation and may need a change. The 
cause of these values in all cases would be 
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because of high raised arms abducted from the 
body while working or with a bent neck and 
spine for the ability to see the small 
components. A change in these postures of 
either the neck or/and arms would instead 
give acceptable values by the RULA method. 
The postures that got even higher values (5 or 
6) meaning that they need to be changed soon, 
depended mostly on that the wrists and neck 
not only were bent but also twisted.  

The last stations (cleansing and final 
assembling) on the lines contributed the most 
to stress among the assemblers. The reason was 
mainly because these stations were the last 
ones in the lines and the requirement on how 
many sights that needs to be finished is 
significantly noticeable here. These stations 
also have the responsibility to check and make 
sure that the sights meet all the requirements, 
which alone can give a stressful feeling. 

6.1.3 Packaging 

The results from RULA showed similar values 
as the method did in the cleanroom. In the 
packaging the main reasons were the same and 
depended mostly on the neck, arms and 
twisted torsos. To work with a stretched and 
twisted torso was on the other hand more 
occurring in the packaging compared to the 

cleanroom. The stretched and twisted torso 
occurred while packing boxes, due to 
insufficient space for all parts on the worktable 
which then also became hard to reach.  
The OCRA revealed higher repetitiveness in 
the packaging. The short cycle time of 3-5 
minutes per sight, may be a reason for this, and 
the same movements are performed in a 
shorter time. However, since it is easier and 
faster tasks they may rotate more frequent 
between tasks, and the current OCRA results 
may then not be fully realistic. 
The laser station was also considered straining 
due to many stretches, twisting and bending. 
Since there were less people in the packaging 
it was harder to receive statistically reliable 
results from the distributed questionnaire. 
However, the assemblers who answered did 
not have many complaints.  

6.1.4 Deficient factors 

As a summary from the analysis of the current 
state, we could conclude that there were 
several deficient factors that were decreasing 
the quality of the work environment at 
Aimpoint. Factors that needed to be 
enlightened and improved in the ergonomic 
perspective to make the work sustainable are 
listed in Table 30.

Table 30. Deficient factors to improve to achieve a better working environment. 

Workplace 
Design 

 Organizational  Psychosocial  
work environment 

 Physical  
work environment 

Visibility  Design of Manufacturing  Performance-based 
salary system 

 Lighting conditions 

Stability for 
the arms 

 Ergonomic knowledge 
among the assemblers 

 Short cycle times  Climate 
(temperature and 
ventilation) 

Repetitive 
work 

 Infrequent work rotation  Dirt and dust on 
lenses 

  

Placement of 
tools and 
components 
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7 Way of improvements 
Based on the results from the investigation of the current state, data was received about which 
workstations that needed to be improved. This chapter will mention some of the suggestions for 
improvement that can be made at the two production areas, to prevent curved spines, necks and 
wrist, but also reduce the stress level at some stations. The proposals were conducted mainly through 
brainstorming and discussions with the production technicians at Aimpoint.  
 
7.1 IMPROVEMENTS 
From the accomplished brainstorming, a large 
number of proposed solutions for a better 
workplace and more ergonomic postures were 
generated. The solutions were based on the 
retrieved main issues in the current state and 
most relevant ones are listed in this chapter.   

7.1.1 Workplace improvements 

The guiding pictures from SWEA on how to 
design the workplace (Figure 11 and Figure 12) 
could be presented at every workstation. The 
assemblers could then easily adjust the 
worktable and tools for an appropriate 
working range to decrease the load on the 
upper extremities.  

The height adjustable worktables that are 
implemented has helped the assemblers a lot 
to adjust the working height after their own 
preferences. Although, when two assemblers 
are sitting together at one station, the height 
adjustable table loses its purpose. Due to 
different body seizes, the worktable cannot be 
adjusted for a suitable height for both. It also 
contributes to a limitation of seated and 
standing positions. If two assemblers still were 
to be seated at the same station, a benchtop 
would be favorable to introduce, whereby the 
ability for a higher workspace can be 
maintained. 

With sufficient support for the forearms, a 
straighter posture would be obtained and a 
bent neck would hopefully, to some extent be 

counteracted. An arm support (Figure 38) 
could be implemented and be used on the 
stations that require a lot of precision and 
where the fixtures are high. With a relieving 
arm support, a less loading work would be 
achieved and the neck and shoulders would by 
this introduction be provided with better 
support.  

 
Figure 38. Arm support (borrowed from 
ergonomibutiken.se and ergonomiprodukter.se). 

If parts of the workspace were elevated at the 
workstations handling electronics and 
soldering for example, an oblique arm support 
also would contribute to a less bent back and 
neck (Figure 39). Even better would be if the 
fixtures also were designed in a way that would 
allow support for the arms and hands. In 
addition to the benchtop and arm support, 
height adjustable fixtures could also be 
applied to some stations. 
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Figure 39. Working posture with an oblique arm support. 

The current fixture that holds the sights in 
place during assembly is missing the ability for 
an individual adjustment. At the moment of 
this thesis, the fixtures for Micro were too low 
and in order to see the tiny details, and 
therefore contributed to very bent necks. 
Additional adjustable fixtures for the cleansing 
station could also be added to relieve the 
operator from holding the sight in an 
uncomfortable position. The side-bent upper 
body that may occur to achieve stability with 
help of the worktable would then no longer 
occur. To hold the sight would then not be 
necessary and no extra weight would thereby 
be putted on the wrist. 

7.1.2 Organizational improvements 

Some tools and components on the 
workstations are misplaced and contribute to 
stretches of the upper body to reach. By having 
withdrawable boxes (Figure 40) below the 
tabletop, the boxes would always be close to 
the assembler. These boxes could also be 
attached on a rail to allow configuration after 
own preferences.   

 
Figure 40. Withdrawable boxes on vertical rail. 

A continuous education in ergonomics would 
increase the awareness of good working 
postures and how to reduce the load. By 
introducing educations with an ergonomist 
every sixth month or once a year, the 
assemblers constantly would be reminded 
without the information being forgotten. The 
price for this tutoring would be able to repay 
in long-term by reduction of sick leave due to 
the lack of awareness about the importance of 
a good working posture. A presentation 
combined with a lecture will be held to 
remind the assemblers at Aimpoint about this, 
as one solution of this thesis. 

An optional increased rotation has existed 
before and should be introduced and be 
encouraged again. Interviews showed that 
rotations earlier could be made between the 
same two assemblers after two hours which was 
seen as positive. Lifting the opportunity of an 
increased rotation would not only reduce the 
load of the same body parts, but also at the 
same time ease the stress that can arise at some 
stations. An increased rotation would in 
general allow more workstations to be active 
and not stay empty for four but of to two hours 
instead. The sights would not be waiting for 
processing as long on each station and the flow 
would be better through the lines. Less time in 
the production would also mean less time for 
dirt and dust exposure, which demands a 
smaller amount of cleansing the lenses. 

The allocated time for the vacuum test is not 
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always sufficient when a sight indicates to leak, 
which can be a stress factor according to the 
assemblers. By having one responsible who is 
given a longer time set aside to handle all the 
leaking sights during a shift, the stress factor 
could be reduced on this station. 

The station handling the house complete 
(station 2) along the Comp-line contains many 
procedures that are harmful to the wrist. By 
balancing and moving one of the wrist-twisting 
processes to the first station of the line, the 
wrist would be partly spared at this 
workstation.  

According to Ekblom Bak (2013), the 
introduction of more common breaks would 
lead to a better well-being among the workers. 
Toomingas et al. (2008) also explains that 
additional breaks are good at work that 
includes high performance combined with eye-
hand coordination. Some of the stations at 
Aimpoint are handling small components 
which make it difficult to perform the work in 
a standing position. To reduce a longer seated 
position, additional breaks would be good to 
introduce to make the assemblers move 
around and stretch the upper extremities. 
Ekblom Bak (2013) also mentions the 
importance of variation between a seating and 
standing position, which would be good to 
remind the assemblers about. To make it 
attractive to stand while working, the 
workstations on the other hand must firstly 
make this possible.  

A dedicated time once in a while to discuss 
tips about the handling of tools, postures and 
working practices, would be good. This could 
be included in the weekly meetings held 
between the management and assemblers or at 
another time of the week. In this way, 
important information about the work that 
otherwise can be forgotten could be discussed. 
This would be an opportunity to remind and 

teach each other how to use different tools 
while mounting, which also could contribute 
to a better well-being.  

The assemblers are the ones with the most 
knowledge about which parts of the work that 
is considered straining or harmful on the 
body. Through a suggestion box, the chance to 
provide suggestions for improvements would 
be lifted with the management, if wanted 
anonymously. 

7.1.3 Psychosocial improvements 

The cleansing part showed to be stressful and 
straining on both neck, back, wrists, arms and 
hands from the interviews and questionnaire. 
Since the majority of the time was spent to 
clean the outside of the lens during the 
conducted observations, this would have to be 
better protected during the production.  
Silicone protective covers are elastic (Figure 
41) and could fit on both the inner tube and 
the house. This would be put on the front of 
the sight to protect the outside of the lens 
during the processes that do not require access 
to the front of the sight.  

 
Figure 41. Silicone protective covers to prevent dust 
marks and light. 

Since the silicone is a stretchable material, the 
attachment of the protective cover would not 
require power and effort from the wrist to be 
mounted on or off the sight. With a sufficient 
thickness and dark color, the protective cover 
would prevent intruding light. The diode 
check would thereby be able to conduct in a 
comfortable working position, instead of using 
the worktable as obscuration.  

Based on observations, massage of shoulders 
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and necks are common among assemblers. An 
investment in massage chairs would contribute 
to more relaxed muscles and a better well-
being. A massage chair would contribute to 
stress relief, stimulation of blood circulation in 
the whole body and the ability to wind down 
during the breaks. 

7.1.4 Physical improvements 

When light is perceived differently depending 
on the individual (Bohgard, et al., 2010b), an 
adaptable lighting for the ability to adjust to 
own preferences is advantageous. A proper 
light could counteract irritated and tired eyes 
which are occurring at some stations in the 
assembly work at Aimpoint.  

An introduction of LED lamps with a dimmer 
function at all stations could give a more 
comfortable lighting and the brightness would 
be able to adjust to the work performance. 
While cleansing the lenses using a lamp with a 
dimmer function, the brightness on the lamp 
could be adjusted to better determine the 
presence of dirt on the lenses. This would 
contribute to time saving for the assemblers 
that are more pedantic, to not clean more than 
necessary. Also, when the possibility of 
outlook and daylight is missing, which is 
important according to SWEA (2009), in both 
production areas, LED Daylight lamps with 
light similar to daylight (Figure 42) would be 
advantageous to use. These lamps could 
contribute to a better well-being among the 
assemblers.   

At the stations performing lens inspection 
(station 8 or 9 at the preassembly) and 
cleansing stations (station 4 at every line, 
station 5 for Hunter), selectable backgrounds 
would be beneficial to introduce. The dark 
background that is used today can give the 
feeling of glare together with the bright light.  
A selectable color of the background would 
allow the assembler to match this to own will. 

 
Figure 42. LED lamp with dimmers and daylight 
(borrowed from kontortema.se). 

The sight’s perimeter is small and of black 
material, which makes the visibility of the 
inside poor. This could be counteracted by the 
introduction of magnifying glasses with 
attached lamps, to provide better view along 
the inside of the sight and on tiny 
components. It would be a combination of a 
magnifying lamp and a headlamp. The 
magnifying glasses would direct the light where 
the eyes are pointed and would not be in the 
way of the work.  Twisted and bent necks 
would by this introduction hopefully be less 
existing.  

7.2 EVALUATION 
Our generated concepts are aiding in many 
different problem areas which are making it 
difficult to evaluate them against each other. 
The solutions improved different ergonomic 
areas and were therefore assessed with a 
discussion with some of the production 
technicians, if the ideas could be executable.  
The production technicians and the 
improvement groups in the production are 
constantly working to develop new ideas of 
solutions for a better and gentler assembly 
work. By discussions with some of the 
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production technicians, it was realized that 
many of the ideas already had been tested, but 
not implemented for various reasons. 
Solutions from us regarding tools for 
assembling were therefore not necessary when 
the assemblers and the production technicians 
are the ones with most experience and know 
what is needed. However, it emerged that 
introduced tools not always are being used, not 
used correctly or not followed up in how they 
can be further developed to become more 
attractive to use. The assemblers must become 
aware of why the instruments are good to learn 
to use, for ergonomic reasons and thereby the 
importance of sufficient feedback to the 
production technicians.  
Aimpoint needs a better way to introduce and 
follow up the implemented tools, for the 
assembler’s health in the long run. By better 
ergonomic tools which contribute to less 
twisting and bending of the wrist, neck and 
back, the assemblers would have fewer 
straining injuries. If the assemblers feel good, 
the work will be performed well and sick leave 
could be avoided.  

7.3 INNOVATION 

To let valuable ideas and helping tools to be 
used and tested in the right way, and not be 
neglected, the information regarding new 
implements must become clearer. Instead of 
giving an assembler a tool to test or waiting for 
the implementation to be discussed during 
meetings between management and 
assemblers, the information has to go out 
sooner, if not immediately. By writing on a 
board in the changing area next to the 
cleanroom, the assemblers would be 
enlightened on the implementation 
immediately. If a helping instrument is 
implemented, it should get its own placement 
on the station to not be forgotten among all 
the other components and tools. It can then 
be featured as interesting and may then be 

tested by a larger scale of assemblers, instead of 
lying on the side. With a higher frequency of 
rotation, even more of the assemblers could try 
to use the tools on the same day.  

7.3.1 Document of implementation 

A better follow up of implementations needs 
to be done. The communication between 
different parties can make important 
information get lost on the way. The 
production technicians bring out helping 
devices and needs to know the advantages and 
disadvantages for further development, before 
the device is given up completely. The lack of 
today’s follow up seems to be the reason for 
the ideas to fail and not be developed on 
Aimpoint. A proposal of an improvement in 
the follow up could be inspired from the 
health care. A proven model called SBAR 
(Vårdförbundet, 2016) was implemented in 
the health care to improve the communication 
between health professionals. This model was 
developed because information was missed or 
lost when transferred between care providers. 
With SBAR the idea is to exchange the 
collected information correctly, structured and 
briefly. With inspiration from this method, a 
document has been developed to use together 
with the implementation of tools, and can be 
seen in appendix 10. With a proper 
implementation, and with help from both 
assemblers and production technicians, the 
tools can come to be used more effectively and 
developed further. Would the development of 
the tools be made in a way that makes them 
more attractive and used more frequently, 
workload, sick leaves and damages could be 
counteracted. The idea is to always have this 
document at the same place on the 
workstations, and to place it together with the 
newly implemented equipment. In this way, it 
will always be easy accessible, to give full 
explanation why it is implemented and give 
feedback for further development.   
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8 DISCUSSION 
To complete this thesis, the results of the conducted investigation are critically discussed in this 
chapter, together with the theory relevance and the methods that were used. Recommendations to 
Aimpoint in the future through an ergonomic perspective, the relevance of this thesis and the validity 
are also discussed in this section.  
 
8.1 PROJECT EXECUTION 
The main reason for this thesis was to 
investigate the production at Aimpoint in 
Malmö, regarding straining workstations and 
to find solutions to eliminate the workload at 
these. With the three answered research 
questions as well as accomplished objective 
and aims, the reason for this thesis is 
considered achieved. The suggestions for 
improvement that has been brought, we hope 
will contribute to a decreasing sick leave ratio 
and well-being for the assemblers in their 
work.  

This thesis was carried out with a long distance 
from our supervisor at Luleå University of 
technology. Hence the vast distance, the 
feedback and communication were therefore 
at some occasions difficult to achieve. 
However, the fact that this thesis was carried 
out by two students led to the ability to discuss 
and get help from each other instead.  
For this project were many opinions and ideas 
received from assemblers, familiar with the 
work, were everyone was helpful and willing to 
explain the work in detail for a better 
understanding. This help has contributed to a 
larger part of this report, despite the fact that 
the assemblers were partly disturbed during 
their work. Help has been obtained from the 
line manager of the assembling and the 
productions line manager to complete the 
thesis. By feedback from time to time with the 
supervisor at Aimpoint, it was ensured that the 
project did not end up on the wrong track.  

The Gantt schedule that was established at the 
beginning of the thesis, has also been of great 
help even if it could only be followed to a 
certain extent. With the set time for each part 
of this thesis, we have been able to give each 
part enough time to complete them all without 
any rush.  

The project proved to be a bit larger than first 
expected. The main reason for this was that a 
total of 57 workstations were to be 
investigated, while many new assemblers were 
hired and not all workstations were running 
during all shifts. While we wanted to 
investigate all workstations to ensure the 
relevance of the results, the mapping of the 
current state became larger than expected. 
This contributed to a slightly smaller amount 
of time for the solutions. However, it turned 
out during the thesis, through discussions with 
involved in the production that helping tools 
were not what were needed, as these are 
implemented and tested successively. The 
improvements that were focused on were 
therefore ergonomic improvements regarding 
light, support, stress and feedback when 
introducing a new work tool. Due to the 
answers in the questionnaire regarding stress, 
the second research question was 
reformulated. From previously been about 
which body parts that were affected through 
the work, it was changed into which way the 
body was affected at all.  
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8.2 PROCESS AND RESULTS 
The theory has shown and highlighted several 
important aspects to take into consideration 
for the execution of this project. The starting 
points such as how the workplace should be 
designed together with the importance of it on 
health, gave a good foundation before the 
performance. Since ergonomics has become a 
very large and broad area in recent years, it was 
difficult to limit the framework to not make it 
too big. The solutions were mainly made with 
information from the theoretical framework 
in mind. While the manufacturing 
department uses Lean Production, it can be a 
reason for the stress that is felt among the 
assemblers. This makes the production 
repetitive and standardized times are fixed at 
each station. This organizational strategy is 
favorable in the mass production industry but 
as Koukoulaki (2014) points out, Lean can 
have negative effects on assemblers’ well-being. 
Koukoulaki (2014) means that the absence of 
competent and trained employees has an 
indirectly negative impact on Leans waste-
principles. The companies also have a 
responsibility to provide rehabilitee to the 
absent employees which costs money. By a 
comparison of sick leave last year in the same 
profession, with statistics from SCB (2016), 
were the sick leave at Aimpoint with its 7.5% 
not very high. The sick leave because of work 
related injuries has on the other hand to be 
lowered. 

To investigate the ergonomics in a workplace, 
methods were chosen to examine people 
during their work. Unlike automated systems, 
people are carrying out tasks in different ways, 
which means the performance will vary and 
thereby the results. The management was 
involved to provide this thesis with reliable 
information. The assemblers were involved to 
bigger parts of the project as well, since they 
are the ones exposed to the workload. This 

creates a healthy attitude and a curiosity to the 
project among the employees. Our methods 
are considered to have given a good range of 
results and the permission to understand the 
parts that needed improvements from 
different angles. These angles included 
ergonomic improvements on working 
postures, physical environment and 
repetitiveness. Through the cyclical 
performance with the process cycle, were the 
relevant phases of this thesis given enough 
time and well elaborated. The structure of the 
process cycle also led to a good performance of 
relevant phases to take into account.  

The HTA provided a good overview of all 
workstations of the lines, and their relation to 
each other. This also gave a better picture to 
understand the assemblers’ opinions on the 
work through interviews and a questionnaire. 
Our observations were made in order to create 
our own complete picture and not to be 
influenced by the assemblers’ opinions, to see 
things that otherwise might not have been 
noticed. With help from RULA, the working 
postures could be classified, to ensure that 
some of them were in need of change. It is 
however important to keep in mind that this 
method only includes one chosen posture and 
not all the ones performed at a workstation. 
The force required at the different 
workstations was not taken into account in the 
extent that was needed. RULA only gave an 
overall picture of the body, mainly regarding 
the neck and arms. If further investigations 
would be made, methods for analyzing the 
wrist movements and force measurements 
would be relevant.  The OCRA gave answers 
to the workstations that held the most 
repetitive work, which required many 
movements and tool changes. This method 
was only used on one assembler per station, 
which could result in a difference when 
everyone works differently. By an even quicker 
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work than the allotted time, the repetitiveness 
would have increased even more and the 
results would have looked different. However, 
OCRA is only investigating the number of 
technical actions in the arms. As for the lens 
rotation, it had a good grade in this point of 
view but did not take the neck posture and eye-
effort into account. If complements would 
have been used to this method, our results 
probably would have been different. It was also 
revealed in the questionnaire that the laser 
station was harmful but according to OCRA it 
was not a problem from a repetitive view. The 
method in general needs further development 
and descriptions how to evaluate postures and 
force assessment because it was hard to 
estimate. Anyway, there are also stations that 
should not be paired due to other exposures. 
The results from RULA and OCRA, were 
evaluated through assessments based on the 
analyzers preferences and guiding templates, 
which also could have an influence on the 
results. However, the ergonomic assessments 
were performed through templates with 
scientific foundation within ergonomics, 
which made the methods valid. Hence these 
mentioned influencing factors, the results may 
not be total reliable but the methods are and 
will be. The results from RULA and OCRA 
may be from different aspects, but pointed at 
the same workstations as the assemblers said 
were straining, which made the results reliable. 
From both RULA and OCRA the results were 
reported in index values which McAtamney 
and Corlett (1993) describes is an effective 
approach for communicating with those who 
has lower knowledge about ergonomics. They 
mean it is easy to recognize the index value 
with its associated action level. 

A comparison between the investigated 
stations, classified as worse by several of the 
methods, showed that they required a change 
by several reasons. Through a comparison of 

the results from the methods and the work of 
the ergonomist, it was possible to see which 
workstations that were still considered 
harmful one year later, as a kind of validation, 
and how the new stations stood in comparison 
to these. By the methods, interview, RULA 
and OCRA it is important to mention that 
only assemblers that has been working in the 
production for a while was investigated. The 
reason was to get results that were trustworthy, 
and analyze working postures that were mostly 
occurring. The newer assemblers (hired since 
February) had not found their own working 
technique yet and were therefore not 
investigated. 

An overall solution was difficult to find when 
the results pointed on such diverse causes of 
symptoms on the body. The solutions that 
were produced were therefore smaller ones, to 
reduce the specific issues that were found. The 
solutions that were developed for this project 
are only some of many changes that could be 
done. Many of the most damaging processes 
would advantageously be automated to avoid 
physical problems of the assemblers.  

It is proven that the eyes control the body 
posture for the ability to see as good as 
possible. In uncorrected precision work this is 
a common reason of discomfort in the neck, 
shoulders, back and arms (Nyhlén, 2012). The 
visual requirements are related not only to the 
used postures but also to tensions in the 
muscles according to Hägg (2010). Bohgard et 
al. (2010) means that the work should be 
organized in such a way that workers can avoid 
too much eye-effort or glare. A proper lighting 
and condition to visual requirements can 
avoid the occurrence of MSD and other 
illnesses. According to the questionnaire were 
most of the assemblers satisfied with the 
lighting conditions, the bended positions 
while workers, for the ability to see well, tells 
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on the other hand otherwise. By the 
introduction of the proposed LED-lamps with 
dimmers, a proper lighting could be obtained 
to suit every individual in the production, at 
every workstation. With the right light, twisted 
or bent postures could also be counteracted. 
With the possibility to use magnifying lamps 
at all the workstations probably the bended 
postures would be minimized, and thereby 
most of the results from the RULA-method. 
The magnifying glasses could also be seen as a 
combination of good light and the magnifying 
lamps. The suggested selectable background at 
some of the workstations would therefore help 
to counteract glare.  

From the questionnaire it was shown that a 
third of the respondents have felt irritation in 
the eyes at the stations were the work involves 
the UV-L. This can also be perceived by other 
reasons such as the lighting conditions at the 
stations in terms of glare. 

Hansraj (2014) explains that a normal head 
has a weight of about 6 kilograms, but a 
bended position, 45 degrees forward results in 
a 22-kilogram weight on the cervical vertebral 
7 (figure 8). Hansraj (2014) also means that the 
bending of the head leads to early wear, tear 
and puts stress on the spine which can lead to 
surgery. Mathiassen & Winkels study (1996) 
shows that a significant factor to disorders of 
the upper extremities is the exposure level. 
With a more frequent rotation in the 
production, the exposure level of a bended 
neck could be lowered since the bending of the 
neck is less existing at some stations and more 
occurring at some. Both Nordander et al. 
(2009) and Mathiassen et al. (2007) means that 
repetitive load should be avoided together 
with fixed postures when these contributes to 
more of the incidence of neck and shoulder 
pain. This points out the importance of a more 
frequent rotation in the work and balancing 

the processes at the lines, such as house 
complete (station 2) for Comp.  

The carpal tunnel syndrome that two of the 
assemblers at Aimpoint have suffered from can 
be a result from exposure to vibrations, 
external pressure of the palm, extreme hand 
angles or high force of the flexor tendons 
(Hägg 2010). House complete at the Comp-
line (workstation 2) has shown to contain 
several processes where the wrists are exposed 
to pressure, twisting of the wrist and 
sometimes extreme hand angles. Our highly 
recommended solution to this, if the processes 
cannot be done in a different way with tools, 
would be to considering balancing the line in 
a different way. One example would be 
moving one of the processes that are straining 
on the wrist, to the first station instead. A 
more common rotation than today would also 
be better when it comes to this station.  

From the questionnaire, it was established that 
the vibrations from tools could be considered 
as straining by some of the assemblers. 
Vibrations are important to keep in low 
frequencies to not raise symptoms that can 
occur in the wrist and hands (Hägg 2001), read 
more about these in section 3.3.4. The work at 
Aimpoint should preferably contain as low 
vibrations as possible in the handheld tools, 
and should not be combined with precision 
demands for a longer time according to 
Mathiassen et al. (2007). 

A good working posture is when the back is 
working upright and the working height is 
slightly higher than the height of the elbow 
during precision work (Mathiassen et al 2007). 
To keep the working posture as straight as 
possible the recommended arm support would 
be beneficial. With the support and higher 
fixtures, problems associated to the bended 
backs would be reduced. To keep the right 
postures in mind, the guiding pictures from 



 

72 

 

DISCUSSION 

SWEA is proposed to be placed and be visual 
in the production areas. A benchtop to suit the 
individual demands when two assemblers are 
sitting at the same table would also make it 
easier to obtain a healthy back posture. The 
solution regarding withdrawable boxes 
situated underneath the tables would make it 
easy to reach regardless of a seated or standing 
position. The recommendations of a 
maximum grip distance according to 
Arbetsmiljöverket (2012), seen in figure 12 
would also help to be taken into 
consideration.   

The physical factors such as thermal climate 
and noise are acceptable both in the 
cleanroom and in the packaging, but can be 
discussed. The noise in the cleanroom was 
measured to be in average 59.6 dB (A) which 
by far is lower than the upper limit of 85 dB(A) 
set by Arbetsmiljöverket (2005). The noise in 
the packaging could not be measured because 
of the ongoing construction work next door. 
There is thus no way of saying if the noise in 
there was considered as acceptable. From the 
questionnaire on the other hand it was 
understood that the ventilation could 
contribute to noise that was seen as disturbing 
in both the cleanroom and the packaging. The 
ventilation could also contribute to a cold 
draft in the cleanroom according to the 
assemblers in the questionnaire. Merlin (2008) 
means that annoying noise or draft can 
contribute to tense muscles. The temperature 
in the cleanroom was measured to be 19.6 
degrees Celsius in average, which is within the 
recommendations according to Bohgard et al 
(2010) and SWEA (2009). In the packaging, 
the temperature was on the other hand 
measured to be in average 24.6 degrees 
Celsius, which is near the limit of 25 degrees 
Celsius that Bohgard et al. explains, is the 
upper limit of the neutral zone. The 
temperature in the packaging area was at some 

occasions measured to be up to 25.9 degrees 
Celsius that can be considered as to hot. It was 
mentioned in the interviews and the 
questionnaire that the temperature was 
considered as too warm by several of the 
assemblers. Comparisons to SWEA’s 
recommendations regarding temperature 
limits would although consider the 
temperature in the packaging as within the 
limits of 10 to 30 degrees (Arbetsmiljöverket, 
2009). Li et al. (2016) states on the other hand 
that the perfomance can be decreased in a 
high-temperature climate when the body 
automatically decreases the level of activity to 
prevent ecessive heat. 

Stress affects the muscle fibers in such a way 
that motoric units never relax and the most 
common affected body region is the neck-
shoulder area (Lundberg & Wentz, 2004). 
Theorell (2003) means that a lasting exposure 
to stress can contribute to cardiovascular 
disease or MSD that can lead to lasting sick 
leave. Stress is common at Aimpoint which the 
questionnaires showed. This is mostly because 
of the salary system, leading to producing as 
much as possible, and to always manufacture 
as many sights that are ordered. At the two last 
stations at every line in the cleanroom, it was 
stated that these could contribute to stress 
because these are the last stations at the lines, 
and the number of sights that are to be 
finished are noticeable here. Stress is felt in the 
packaging as well, but the reasons were harder 
to locate because the assemblers were few and 
the results were harder to analyze. To 
minimize the stress at these stations the 
recommendation of a more frequent rotation 
once again would be beneficial. To give the 
assemblers more time at the stations that 
require extra time such as cleansing, final 
assembling and the vacuum test would be 
favorable. Holmström & Ohlsson (2014) says 
that stress and control counteracts, which is 



 

73 

 

DISCUSSION 

why the body becomes stressed when it is 
important to keep control of the work. By the 
introduction of silicone protective covers for 
the sights, stress would probably be reduced on 
at least the cleansing stations. These covers 
would at the same time help when the diode 
has to be checked and the bended posture that 
is used would not be required. Massage chairs 
would help to avoid the tense muscles that can 
be obtained by stress and fixed postures, and 
contribute to a better well-being for the 
assemblers. 

A comparison of the control model (figure 14) 
with the assembler’s opinions in the work 
from the questionnaire, shows that the 
demands are high and the control space is low. 
Holmström & Ohlsson (2014) means that this 
type of combination can lead to inactivity, 
anxiety and fatigue. A wish from the 
assemblers was more and better feedback from 
the managers and higher control space in 
work, which should be discussed among the 
managers, in order to improve the situation. 
Thylefors (2010) also adds the importance of 
social support from colleagues and managers 
for the well-being.  

Overall, to make the assemblers aware of the 
importance of ergonomics and the above 
mentioned recommendations, an 
introduction of a yearly lecture in ergonomics 
would be favorable. By having dedicated time, 
in the form of weekly or monthly meetings 
were the work is being discussed and tips for a 
better work would be raised would help the 
ergonomic awareness.  

From studies mentioned by Ekblom Bak 
(2013) is the importance of moving the body 
every 30th minutes mentioned. The blood 
pressure has been shown to be better among 
the people that move their body more often. 
The manufacturing at Aimpoint consists of 
many small parts that do not always allow a 

standing position while working. Holmström 
& Ohlsson (2014) are discussing the 
importance of the combination of a standing 
and seated position, as well as the advantages 
of rotations and additional breaks to reduce 
MSD. Through rotation of work tasks and a 
reduced time an operation is performed, the 
degree of repetition decreases and a variation 
in load is achieved (Holmström & Ohlsson, 
2014). What also is discussed by Ekblom Bak 
(2013) is that not only long-term sedentary is 
the reason for symptoms in the back and neck, 
but also the influence of stress and lack of 
opinions. With these theories as support, is a 
recommendation from us to introduce more 
breaks as well as a rotation that occurs more 
often.   

8.3 RELEVANCE 

This thesis targets primarily to Aimpoint to 
improve the work environment in their 
production. The results and improvement 
possibilities that are covered in this thesis 
could reduce the burden in the production 
and prevent damage that can lead to long time 
sick absence. The results this report has 
contributed to may also be able to increase the 
importance to consider the ergonomics of the 
work. Due to the expansions that Aimpoint 
faces, we hope that this thesis can contribute 
to information and aspects, both through the 
theoretical background of this project and the 
results for a better designed workplace. A 
better design which provide enough light, 
ventilation, comfortable floors but also 
ergonomically education for both newly hired 
and experienced assemblers. The information 
and the collected results in this report are 
likely to be suitable to some extent for other 
companies to assimilate in their productions, 
for the employees’ well-being.  
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8.4 RECOMMENDATIONS FOR 
FUTURE WORK 
Firstly, our recommendations are to 
implement the solutions proposed in chapter 
7, for a better work environment in the 
production at Aimpoint. With the future 
expansion and the rebuilding, it is important 
that Aimpoint keeps the ergonomics aspect 
mentioned in this report in mind. In this way, 
a good working environment could be created 
in the beginning. This means that height 
adjustable worktables should be installed at 
every station. There should be enough tables 
and room for all the workers to sit or stand at 
one in a time. The light should allow a good 
visibility without the assemblers having to 
work with a bent neck. The floor as well 
should be soft enough to allow a standing 
position while working. A few other 
recommendations have also been discussed for 
the company regarding future work: 

Would further investigations be made, 
recommendations would be to examine more 
of the working positions for the wrist. The 
force that is needed to complete some of the 
processes in the production would also be 
good to investigate. 

The washing area was not included in this 
thesis. From interviews it was on the other 
hand discovered that this workstation was 
considered as straining and it would therefore 
be favorable to investigate further in the 
future.  

A future work with tools that could help and 
spare the wrist in the mounting of lens covers 
and the disassembling of CS would be 
favorable in the packaging. For all the 
processes that require force and/ or twisting of 
the wrist would powered handheld tools be 
beneficial to investigate.  

According to Holmström & Ohlsson (2014) 
can namely a low decision space in 

combination with high demands lead to 
inactivity, anxiety and fatigue. The 
questionnaire showed that several of the 
assemblers feel that the demands are high and 
the own decision space is low. If Aimpoint 
would put effort on more positive feedback to 
the assemblers, to get them to feel appreciated 
for their work, these feelings could be lowered.  

Holmström & Ohlsson (2014) states that 
varied salary based on efficiency can lead to 
work that is more strenuous. The study by Yeh 
et al. (2009) also explains that a performance 
based pay often leads, among other things, to 
increased work pace and higher workload, 
which can contribute to increased work related 
stress. That higher workload and higher work 
pace can be a reason for stress is also verified 
by Koukoulaki (2014). Shirom et al. (1999) 
also adds that performance-baces salary can be 
dangerous to the humans well-being when it 
has connections to depression and somatic 
complains. From the questionnaire and 
interview it was understood that some of the 
assemblers would like to abolish this sort of 
pay system. To look over this kind of pay 
system would be good and to evaluate if it is 
favorable to keep.  

A further investigation would have to be made 
to decide which stations that should not be 
performed together during the same day. 
Combinations of workstations that are 
straining on the same body parts and repetitive 
at the same time has to be avoided. When 
some of the stations are performing a similar 
job, it is important to take into account that 
these workstations are not favorable to 
combine during the same day. Due to answers 
regarding a perceived irritation in the eyes 
because of using the UV-L, it is not optional to 
have to work at the station performing the lens 
rotation and collimation at the same day. The 
lens inspection and cleansing is also two 
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stations similar to each other, which is 
straining on the same body parts, which makes 
these two not beneficial to combine.  More 
combinations could be discovered to be 
unfavorable. Through the OCRA method, it 
was shown which of the workstations that are 
considered most repetitive and thereby has a 
straining effect on the body. While making the 
rotational schedule, these should be taken 
seriously to account. For example, the 
combination of workstation 2 and 4 along the 
Comp-line are not considered as a good 
combination through a repetitive point of 
view, neither due to the load on the wrist. 

How straining the assembly of the sight is and 
how the assemblers are allowed to work, is 
already determined in the design process of 
the sight by the developers (Bohgard, et al., 
2010a). A flawing design of manufacturing can 
lead to work-related injuries and additional 
costs to the company. Our methods in this 
thesis have shown that many of the assemblers 
do not have many options in how to perform 
the work, which means this is already decided 
in advance. By already thinking through an 
ergonomic perspective in the design of the 
sights components, more tools that are helpful 
would be permitted in the assembling in a 
larger scale than today. Through a good 
ergonomically design of the sights, harmful 
and straining postures could be discouraged in 
the long-term. This mostly applies to smaller 
components which are screwed into place, or 
requires force. The product developers should 
be familiar in how the sights can be assembled 
from an ergonomic standpoint. The designers 
should assemble several sights to get a 
perception if it is sustainable to perform 
during longer periods. The design of 
manufacturing from an ergonomic aspect has 
to be done already in the development since 
after an introduction on the market, it 
becomes very difficult to change the design of 

the sight. The workload of the production is 
determined partially by the product developers 
and can be reduced at the source, in the 
creation and the development of the sight. 
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9 Conclusions  
In this final chapter, synoptically and briefly answers are able to read to the three research questions 
this thesis proceeded from and is built upon.  
 
9.1 RQ1 

Which workstations at Aimpoint 
contribute to high workload and which 
stations are the most critical?  

The stations in the cleanroom that showed to 
be most straining on the wrist from all our 
methods were the cleansing of all sights, house 
complete for Comp and the Electronics for 
Micro 2. For the neck and back were the 
cleansing of all sights, the collimation of Micro 
2 and the final assembling of all sight the most 
straining.  

The stations in the packaging have a shorter 
cycle time and can therefore seem more 
straining. The stations that contribute to the 
highest workload according to the used 
methods were the laser station for the back, 
the mounting of lens covers of Comp and the 
removing of lens covers at sights that is sent to 

the company for service, for the wrists. Tasks 
involving screwing by hand have also been 
indicated as straining on the wrist. 

9.2 RQ2 

In which way is the body commonly 
affected, and how is the distribution of the 
workload between the workstations? 

The body parts that are commonly affected are 
the wrist, neck and back. Stress is also felt at 
some stations which also can contribute to 
pain. The distribution of the affected body 
parts and which are felt on the different 
workstations can be seen in Figure 43. The 
blue color symbolizes workload in the wrist, 
purple is workload in the neck/back and the 
pink color means workstations were mainly 
stress is felt.  The red color indicates workload 
in the wrist, neck, back and perceived stress.

Figure 43.Workstations with colors showing where load was felt in the neck/back, wrist and as stress.
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9.3 RQ3 

How can the physical risk factors at the 
critical workstations be reduced? With 
general and specified solutions. 

Solutions for the whole production would be 
as listed: 

DOCUMENT OF IMPLEMENTATION 

WORKPLACE IMPROVEMENTS 

 Guiding pictures (SWEA) 
 Benchtop 
 Arm support 
 Height adjustable fixtures 

ORGANIZATIONAL IMPROVEMENTS 

 Withdrawable boxes 
 Lecture in ergonomics 
 Increased rotation 
 Allocated time 
 Balancing 
 Additional breaks 
 Dedicated time 
 Suggestion box 

PSYCHOSOCIAL IMPROVEMENTS 

 Silicone protective covers 
 Massage chairs 

PHYSICAL IMPROVEMENTS 

 LED Daylight 
 Magnifying glasses with light 
 Selectable background 
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Appendix 1 - Statistics of sick leaves in assembling work 
Reported sick leaves and generated from SCB in percentage (Statistics Central Bureau, 2012/2014). 
This is values from the assembly professions in Sweden from 2012 and 2014. 
 
Reason Workers 2012/2014 
Problems the last 12 months as a result of discomforts in work 16,1% /18,7% 
Sick leave for five weeks or more due to other conditions in work - / 5,3% 
Problems in the neck 4,8% / 3,0 % 
Problems in the shoulder / arm 6,6% / 7,2 % 
Problems in the fingers, hand / wrist 3,9% / 5,4 % 
Problems in the back, except the neck 6,8% / 11,6 % 
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Appendix 2 - Detailed Gantt-schedule 
A describing Gantt-chart in detailed vision of weeks and days to plan the work that has been carried 
out. 
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Appendix 3 - Plan of activities in less detail in monthly range 
This plan of activity with deadlines was done to get clarity in which areas within the thesis that was 
planned to be carried out in a combined monthly and weekly range. 
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Appendix 4 - The Questionnaire 
This appendix contains the questionnaire that was handed out to the assemblers to gain their insight 
about the work at Aimpoint. 
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Appendix 5 - The RULA worksheet 
This is the RULA worksheet for scoring working postures and is developed by McAtamney & Corlett 
(1993).
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Appendix 6 - The OCRA worksheet to judge working posture 
This appendix contains the data worksheet to apply a factor value of posture to the denominator in 
the OCRA method (Occhipinti, 1998). 
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Appendix 7 - Hierarchical task analysis 
Following HTA:s on the Preassembly, Comp, Micro, Hunter and Packaging are presented in this 
appendix. First, a description to explain the occurring symbols. 
 

 
Figure I. Symbol descriptions to HTA. 

 
Figure II. HTA, preassembly. 

 
Figure III. HTA, Comp. 

 
Figure IV. HTA, Micro 1 and 2. 
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Figure V. HTA, Hunter. 

 
Figure VI. HTA, Packaging. 
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Appendix 8 - Physical factor measurements 
Here are the measurements of noise and temperature presented. The measures were made when 
two shifts were working at the same time in both areas. Be reminded of the construction in the 
packaging at the time of this thesis, which is why there are no noise measurements. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Date 
Packaging 

Temperature 
(Celsius) 

Date 
Cleanroom 

Temperature 
(Celsius) 

1 12/4 23,2 29/3 19,3 
2 13/4 24,1 30/3 19,6 
3 14/4 24,1 31/3 19,4 
4 19/4 24,5 4/4 20,4 
5 20/4 24,6 4/4 19,8 
6 21/4 24,3 5/5 19,2 
7 25/4 24,7 6/4 19,6 
8 26/4 24,5 7/4 19,4 
9 27/4 24,6 7/4 20,3 
10 28/4 24,8 8/4 19,3 
11 29/4 24,7 11/4 19,9 
12 2/5 24,6 12/4 19,7 
13 3/5 24,9 13/4 19,2 
14 4/5 25,0 14/4 19,6 
15 9/5 25,4 19/4 19,7 
16 11/5 25,9 21/4  19,9 
 Average 24,62  19,66 

 Date 
Cleanroom 

Noise 
level 
dB(A) 

Duration 

1 4/4 58,4  28 min 
2 5/4 58,6 41 min 
3 7/4 61,0  24 min 
4 7/4 58,3 24 min 
5 8/4 60,1 43 min 
6 12/4 61,3 27 min 
 Average 59,61  
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Appendix 9 - The OCRA calculations 
This appendix will present the collected data to perform OCRA on the different assembly lines.  
 

𝑂𝐶𝑅𝐴 =
𝐴𝑒𝑥
𝐴𝑟𝑥

=
𝑇𝐴𝑥 ∗ 𝐷

[𝐶𝐹 ∗ (𝐹𝑓𝑥 ∗ 𝐹𝑝𝑥 ∗ 𝐹𝑎) ∗ 𝐷]⏟                  ∗ 𝐹𝑟 ∗ 𝐹𝑑
 

                              A 
 
Unchanging factors CF (1/min) Fa D (min) Fr Fd 

Value 30 1 210 0,77 1 
 
Line (station) / factor Ffx Fpx  Calculation Ax TAx Aex 
Preassembly 8-9 1 0,6   3780 31 6510 
Preassembly 10 1 0,7   4410 25 5250 
Preassembly 11-13 1 0,7   4410 24 5040 
Preassembly 14-16 1 0,7   4410 14 2940 
Comp 1 1 0,7   4410 40 8400 
Comp 2 0,75 0,7   3307,5 60 12600 
Comp 3 1 0,5   3150 28 5880 
Comp 4 1 0,5   3150 49 10290 
Comp 5 1 0,7   4410 55 11550 
Micro(2) 1 0,85 0,7   3748,5 38 7980 
Micro(2) 2 1 0,6   3780 32 6720 
Micro(2) 3 1 0,6   3780 44 9240 
Micro(2) 4 1 0,5   3150 49 10290 
Micro(2) 5 1 0,7   4410 28 5580 
Packaging Laser 1 0,7   4410 27 5970 
Packaging 7 1 0,6   3780 40 8400 
Packaging 11 1 0,7   4410 45 9450 
Packaging 14 1 0,7   4410 50 10500 
Packaging CS 0,65 0,7   2866,5 84 17640 

 
The calculation “Ax” is made because when doing the matrix of workstation combinations, Fr and Fd 
will be multiplied after the A-values of the workstations X and Y are combined. The Ar-matrix is 
created by the equation: 

𝐴𝑟𝑥,𝑦 = (𝐴𝑥 + 𝐴𝑦) ∗ 𝐹𝑟 ∗ 𝐹𝑑 

The OCRA value of a combination is then simply calculated with:  

(𝐴𝑒𝑥 + 𝐴𝑒𝑦)/ 𝐴𝑟𝑥,𝑦 
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Appendix 10 - Document of Implementation. 
Here is the document presented which can help to provide useful information and feedback after an 
implementation of a new tool in the production. 
 
 
 


