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Social status, health status, economic relations, development and self-fulfillment are 
often directly linked to the individual’s work and work situation. Good working conditions 
is the basis for a productive and healthy work life and avoiding heavy loads, or harmful 
postures and movements is of great importance. Today, work containing repetitive 
movements and postures are usually very well monitored and is reduced as much as 
possible since the risks are known. However, smaller loads can also affect the body and 
put it at risk (Hägg et al., 2015) and due to this the project group found it important and 
relevant to study cases where tasks not necessarily are repeated frequently, but where 
harmful postures and movements exist and may impose a risk for injuries.

The purpose of this master thesis was to investigate and improve the ergonomics in a 
development workshop at Volvo Group, focusing on heavy lifting, hand vibrations 
and, noise and light. This was done by identifying the present ergonomic state in the 
development workshop by using ergonomic evaluation methods and then evaluating 
the method’s applicability in this context. The study has had a more deductive approach 
(Bryman and Bell, 2015) since the project group used known ergonomic theories and 
methods and deduced research questions that needed to be verified through empirical 
data. However, the study also had an inductive approach since the project group 
presented theory as an outcome of the research. 

From the results the project group saw that many tasks in the development workshop 
involved postures that needed further investigation and change according to the 
evaluation methods. This points towards the direction that many of the postures today 
can be harmful or cause injuries in the long run. Vibrations is a problem that already 
has resulted in injuries, e.g. white fingers and numbness and is something that should 
be followed up. The study also showed that the evaluation methods did not always suit 
the context of a development workshop since the methods many times seem to be 
adapted to contexts like productions line where repetitive work is performed. The project 
group learned that measuring handheld vibrations is hard and the evaluation methods 
contained little on vibrations.

The thesis concludes that further improvements in the GB workshop is needed and that the 
evaluation methods should be adapted to better fit contexts without repetitive work and 
that ways to measure or estimate the vibration exposure should be further developed.

Keywords: Development workshop, Production line, Postures, Ergonomic evaluation 
methods, Handheld vibrations.
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Work is a central part of our society. Social status, health status, economical relations, 
development and self-fulfilment are often directly linked to the individual’s work and work 
situation. Good working conditions are the basis for a productive and healthy work life. 
Many factors affect the work environment but techniques and technical configurations 
often have the largest impact on the work environment. By creating material products, the 
designer already decides what type of work environment is possible to achieve. Thereafter, 
the configuration of the manufacturing process, the way the work is organised and how the 
workplace is configured, determines how the work environment will be like (Bohgard et al., 
2015). In 2006 the International Ergonomics Association (IEA) formulated the following:

“Ergonomics (or Human Factors) is the scientific discipline concerned with the 
understanding of interactions among humans and other elements of a system, 
and the profession that applies theory principles, data and methods to design 

in order to optimise human well-being and overall system performance”.

Ergonomics can be evaluated from three perspectives: organisational ergonomics, cognitive 
ergonomics or physical ergonomics (International Ergonomics Association, 2017).

If repeated frequently a load that is harmful to the body can impose injuries and create similar 
injuries caused by sudden and powerful load strikes (Linton, 1990). Hägg, Ericson and Odenrick 
(2015) describe how smaller loads can affect the body and put it at risk. Since the way of 
performance also affects it is important to not look only at work where tasks are repeated 
frequently but also work including tasks that are not performed in an ergonomic way. This 
may be because of the lack of knowledge and education since it is commonly known that 
by repeating the same movements during a longer period of time is harmful.  Due to this the 
project group find it important and relevant to study cases where tasks not necessarily are 
repeated frequently, but where harmful postures and movements may exist and may impose 
a risk for injuries.

1.1 Background Volvo Group
This thesis has been performed at Volvo Group since they have a wide range of departments 
ranging from production lines to development workshops. One of Volvo Group’s divisions is Group 
Trucks Operations (GTO) that encompasses all the production, e.g. production lines. Another 
division is Group Trucks Technology (GTT) that is responsible for all the product development 
activities, e.g. development workshops. A production line typically contains work that is repetitive 
and a development workshop typically contains more varied work tasks. GTO wants to provide a 
stimulating and healthy work environment for their employees and has manuals and standards 
for working with ergonomics in the daily work (Ergonomiska riktlinjer Volvo Group, 2015; see 
Appendix I). These are developed for Volvo Group’s production lines and are more suited for 
evaluating workstations, logistics and packaging. However, there is no equivalent declared 
statement or manuals for GTT and the development workshops. The focus of the thesis will be 
on the ergonomics in one development workshop at GTT, called GB workshop, where the work 
is not necessarily repeated frequently but where harmful postures and movements may exist. 

Introduction1
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The ergonomic aspect is also an important aspect within Volvo Production System (VPS), a 
“Lean” thinking within the whole Volvo Group, since it ensures the safety and health for the 
employees and contributes to higher efficiency and productivity.

1.2 Purpose
The purpose of this master thesis was to investigate the ergonomics in the GB workshop and 
the focus included two ergonomic areas: heavy lifting and hand vibrations. The aim was to lay 
a foundation for ergonomic improvements in the workshop. 

1.2.1 Research Questions
Volvo Group wanted to improve the ergonomics in their development workshops and a good 
starting point is to identify the present state. This leads to the first research question.

1. What is the present state from an ergonomic perspective using existing evaluation methods?

The project group found it of interest to evaluate the method’s applicability in the development 
workshop since much focus usually is directed on environments with more repetitive work. This 
leads to the second research question.

2. How well do the evaluation methods suit a development workshop?

In order to answer research question two the project group needed to understand the 
differences of how Volvo Group works with ergonomics in a production line compared to 
a development workshop. The project group thought it was important to not assume that 
problems and risks only exist in production lines but also can be found in a development 
workshop. 

1.2.2 Delimitations
The thesis will only cover physical ergonomics and not discuss from an organizational ergonomic 
or cognitive ergonomic point of view (International Ergonomics Association, 2017).

Since there are many methods for evaluating work from an ergonomic point of view the 
project group will due to the time frame only be able to use some and present these in the 
report. These methods will be chosen based on knowledge gained from recommendations 
and literature studies and therefore limit our scope.

Due to the narrow time frame the master thesis will only have time to understand the differences 
between one of Volvo Group’s productions lines (Tuve) and one development workshop (GB).
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2.1 Research Strategy
Bryman and Bell (2015) mention that many researchers describe their research strategy as 
being either qualitative or quantitative. The distinction between them are although somewhat 
ambiguous since they are regarded by some as a fundamental contrast and by others as no 
longer useful. However, there is strong evidence of its use and growing currency and no signs 
of decreasing.

The study taken place in this thesis project is regarded as both a quantitative and qualitative 
research strategy. The study has had a more deductive approach since the project group 
used known theories and deduced research questions that needed to be verified through 
empirical data. The project group used known theories of ergonomics and ergonomic 
evaluation methods to understand and evaluate the work in the development workshop, 
and to collect data. However, the study also had an inductive approach since the project 
group presented theory as an outcome of the research. Bryman and Bell (2015) describes 
that deductive studies often entails induction, and vice versa. We see the study as having 
tendencies within both deduction and induction. The study takes an epistemological position 
known as positivism (Bryman and Bell, 2015). Positivism advocates the application of methods 
of the natural sciences to the study of social reality. The study used proven and well known 
ergonomic evaluation methods to study the mechanics in their everyday work environment. 
The purpose of the theory was to generate hypotheses that could be tested and explained, 
e.g. “how well does the evaluation methods suit the development workshop environment?”. 
The study only focused on physical ergonomics, and not on cognitive and organisational which 
most certainly would involve interpretivism as well, and not only positivism. The project group 
can see that the study has taken the ontological position of being objective (Bryman and Bell, 
2015). The project group noticed that they could affect the environment of the mechanics 
and what the mechanics’ thoughts of the project group and the study yet ahead. The project 
group also saw how the mechanics were not necessarily formed by hierarchical structures, but 
by themselves. Both the organisation and culture were in continuous motion, but more so the 
organisation than the culture. However, this did not affect the actual study since the project 
group evaluated the mechanics from an ergonomic perspective. 

Methodology2
This chapter presents how the project was conducted, describe the 
different methods used within the project, why they were chosen 
and performed, and with what purpose they served for the project.
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The study even neglected the cognitive and organisational factors of the ergonomics and 
only focused on the physical factors. The empirical data was not affected by the social 
phenomena in any high degree. Important to point out is that the pre-study was very much 
affected by the social context and can therefore been seen to have an ontological position 
of being constructionism

2.2 Research Design
Bryman and Bell (2015) describes the basic case study as an intensive analysis of a single case. 
The purpose of this study was to do a thorough examination of a single case. The project group 
performed ergonomic evaluations on the mechanics in a specific scenario: a development 
workshop at Volvo Group.

The study’s intention was partly to raise the awareness of the current ergonomic situation in the 
development workshop so that a change for the better can occur. Therefore, it will be hard to 
measure the stability of the study (Bryman and Bell, 2015). During and after the thesis project, 
it is likely that improvements will be done regarding the ergonomic conditions. To perform 
another test after this study at the same department and environment would therefore most 
likely not give the same results since the preconditions would be different. Even if the same or 
a similar study would have taken place at another development workshop at Volvo Group 
or another company, the prerequisites and preconditions would not be the same, making it 
hard to do another test and get equal observations. However, the study was also partly to 
see how well current ergonomic evaluation methods suit the development workshop. These 
results have a higher stability since it is more general findings and conclusions. Studies at other 
development workshops, obtaining similar results, would increase this thesis’ trustworthiness. 

On the topic of validity, the project group interviewed experts within the ergonomic area to 
get a good guidance and a good understanding of what evaluation methods to use when 
performing the study. The project group therefore urge that a good measurement validity is 
achieved (Bryman and Bell, 2015). The project group reasoned that a good external validity 
also was achieved even though it was a case study since the results in the study can be 
generalized beyond the specific research context. The methods chosen and their executions 
are described in great detail in the next chapter. 

2.3 Ethical Considerations
The project group video recorded the mechanics to be able to analyse their postures. In order 
to lower anxiety regarding the video recording the project group informed the mechanics 
what the recording was for: only for the project group’s own study and the recordings would 
not be spread or seen by anyone else without asking the mechanics. Before any recording 
was performed the mechanics were asked if it was alright if they were recorded to ensure that 
no harm was made to them. When the study was ended the project group deleted all video 
recordings to ensure protection of the material.
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2.4 Research Methods
In this section the research methods used in the project will be described. A data collection 
was used for gathering information regarding the present ergonomic state in the GB workshop. 

2.4.1 Literature review
Bryman and Bell (2015) state that a competent literature review can increase the credibility 
towards someone who is knowledgeable in the chosen area. They also write that the purpose 
of exploring existing literature is for the purpose to gain knowledge and can be concluded 
into the following bullet points.

•	 What is already known about this area?

•	 What concepts and theories are relevant to this area?

•	 What research methods and research strategies have 
been employed in studying this area?

•	 Are there any significant controversies?

•	 Are there any inconsistencies in findings relevant to this area?

•	 Are there any unanswered questions in this area?

The project group did an initial literature review for the benefit to collect information within the 
subject and learn more about the topic ergonomic. The literature review continued throughout 
the whole project and more knowledge was gained contributing to the master thesis report, as 
recommended by Bryman and Bell (2015). The project group used Chalmers library database 
to search after books (both e-books and physical) and also used recommended books from 
different relevant courses throughout Chalmers. Google Scholar and general search on 
google for information was also performed.

Keywords: “ergonomics”, “ergonomic work environments”, “ergonomic evaluation 
methods”, “human factors”, “importance of ergonomics” and “ergonomic factors”.

Also specific phrases or words about specific methods were used based on gained 
knowledge both within the project group but also gained from interviewed experts.

2.4.2 Observations
Field observations were conducted for the benefit of learning how the mechanics in the real 
work environment perform certain tasks. When conducting an observation, it is important that 
the investigator (in this case the project group) tries to ensure that the effect of their presence 
is as small as possible (Jordan, 1998; Osvalder, Rose and Karlsson, 2015).

The project group performed observations with video recordings for the purpose of better 
documentation of the task performed and to be able to evaluate from an ergonomic point 
of view. The project group observed a number of the mechanics when working, examining 
different
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postures and movements, asking questions when necessary for the overall understanding. The 
project group did interfere during the observations but to gain knowledge of the tasks this was 
a necessity. For efficiency the project group sometimes divided into two groups. 

2.4.3 Interviews
There are three different types of interviews; structured, semi-structured and unstructured. 
The structured interviews are prepared questionnaires that contain predetermined questions 
with no or little room for follow-up questions, often used for surveys. Semi-structured interviews 
contain several key questions for guidance and have a lot of room for follow-up questions. This 
will give the interviewer possibilities to go in depth on certain areas. The unstructured interviews 
are performed with no or little organisation and can start with an open question and develops 
depending on the answer. Therefore, unstructured interviews are considered time consuming 
and can be difficult to manage, not only for the interviewer but also for the participant since 
lack of predetermined questions provides little guidance (Chadwick et al., 2008; Osvalder, 
Rose and Karlsson, 2015).

The interviews were a complement to the observations and also helped the project group 
to better understand the task performed. The interviews that were conducted in the project 
were mostly unstructured but with some sort of prepared questionnaire to enable room for 
follow-up questions. The unstructured interviews were chosen since both semi-structured and 
structured interviews limits the project group during their observations. Since the mechanics 
prefer Swedish the interviews were conducted in Swedish but is for the sake of the report 
translated into English. The interviews were conducted while the mechanic was performing the 
task observed. The project group also conducted two unstructured interviews with two experts, 
both certified Europe ergonomists. They were also conducted in Swedish but translated into 
English for the report (see Appendix II).

2.4.4 Evaluation methods
The project group used ergonomic evaluation methods to analyse the mechanics’ postures. 
When the data was collected the project group went through a few of the methods together to 
try them out as a trial and afterwards completed individually. All the methods were completed 
separately and then gone through together were the members of the project group had to 
motivate and discuss why they set a scoring, while looking at the video recording. This was 
from the project group’s point of view a good way to perform and complete the methods 
due to inexperience of carrying through the methods. As mentioned before the project group 
did not use all methods found. When evaluating from a physical ergonomic perspective the 
project group choose the ones that were found most beneficial to the project. The methods 
not used were either too vague and only used if not a clue of where in a process the greatest 
risks occurs, e.g. PLIBEL (Plan for Identifying Ergonomic Hazards), or the method was not 
recommended by Cecilia Berlin, e.g. PEEA (Predictive Ergonomic Error Analysis) and OWAS 
(Ovako Working Postures Analysis System).
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There are so many individual combinations of biological variations that it is impossible to create 
a workplace that fits a “standard” person, since there is none. If you design the workplace 
around the “average” person you might find that the statistical majority of employees are not 
within that value. Workplaces should instead be designed for a variety of persons, e.g. from 
small to large, from weak to strong, which enables many to be able to work in an ergonomic 
way. Thus, the focus should be on the needs and capabilities of the collective and not on the 
mere individual.

3.1 The musculoskeletal system
Together the skeleton, muscles and joints form the musculoskeletal system, which allows the 
body to withstand outer physical forces and to perform physical work. In short the system turns 
chemical energy into physical movements (Berlin and Adams, 2017). As part of the skeleton 
the spine upholds the trunk, arms and head weight as well as any external weight that is put 
onto these body parts. External weight or load affects the human body differently and are 
dependent of a lot of parameters, such as: age, gender, physical health, and what kind of 
load the body are exposed to (Hägg, Ericson and Odenrick, 2015). Further, Hägg, Ericson 
and Odenrick (2015) describe how an injury caused by strain occurs in muscles and tendons. 
The literature uses words like Work Related Musculoskeletal Disorders (WRMD) or Cumulative 
Trauma Disorders (CTD) to describe the corresponding type of injuries that are work related. 
Sudden over-load can for instance lead to fractured skeleton, torn ligaments and muscles, 
and broken cartilage. A load that is unharmful to the body can, if repeated frequently, impose 
injuries similar to the ones that occur when a sudden and powerful load strikes the body. Not 
only does WRMDs cause injuries but they are also costly, both for the society, the employer and 
the individual. People who suffer from musculoskeletal pains are leading in disability pensions, 
sick pay and compensation insurance benefits (Linton, 1990).

3 Theory of the body 
and ergonomics
This chapter will first present background facts, based on a 
literature study, and then continue onwards into more specific 
detail depending on the area, to address important aspects. The 
areas are heavy lifting and vibrations caused by handheld tools. 
The chapter will also include theory of the ergonomic evaluation 
methods used in the project.
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3.1.1 General
A condition for individuals to feel well and develop during the own work is to be able to 
influence the setup and the carrying through of the tasks at hand. The influence also contributes 
in preventing musculoskeletal diseases (MSD) e.g. the worker has influence of planning and 
structure the work, choice of method, distribution between work and breaks, work rate and use 
of tools. The interaction between the workers, but also the interaction with the management 
plays an important role how the MSDs occurs and are experienced.

A good action space (AFS 2012:2) is for instance to be able to:

•	 Change between different tasks.

•	 Change between performing a task while standing or seated.

•	 Take shorter breaks to recover whenever it feels necessary.

•	 Choose or adapt the work pace.

•	 Get help from someone else when needed.

•	 Influence purchase of new equipment and introduce new work methods gained from 
own experience.

3.1.1.1 Volvo Group 

Volvo Group Trucks Operations (GTO) has a standard regarding ergonomic requirements that 
functions as guidelines. In 2017 the standard will become rules instead of guidelines and act 
worldwide for the whole Volvo Group. The standard also includes supplementary requirements 
issued by the Swedish Work Environment Authority (AFS 1998:1 replaced 1 December 2012 by 
AFS 2012:2).

A good job from an ergonomic point of view depends on product, process and operator 
as well as organisation. Workers are equipped with different capabilities and the workplace 
must meet the requirements and needs that exist due to different sex, age and physics (Volvo 
Standard STD 8003,2, 2009).

3.1.2 Posture
Berlin and Adams (2017) describes what factors postures are affected by:

•	 Space: we adapt postures to preconditions.

•	 Vision: what you are able to see controls your posture.

•	 Stress: leads to e.g. more muscular tension which increases static loading.

•	 Protective clothing: prevents awkward postures in order to protect clothes.

A good posture is when the body is in its best position to carry out high force or high 
precisions movements. Instead of leaning on muscular strength of what the body can do 
one should use balance, even distribution of forces, and skeletal loading as an indicator 
to determine a good posture. A bad posture is when the body I is in a weak position and 
being put under excessive loads.The tissues in the body are put under unnecessary loads. 
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Examples of bad postures are positions at the outer range, unevenness, a bent back and 
forced muscular loading instead of skeletal loading (Berlin and Adams, 2017).

In order to keep the body in a certain posture the muscles in the body have to work and this 
is a form of internal loading. With internal loading Berlin and Adams mean how forces within 
the body are distributed. External loading takes place when you handle weights, e.g. pushes 
or lifting. Force is usually a component of a loading, external loading. Time let us know for 
how long, how frequent or how often the parts in the body are loaded. Naturally, the legs 
and back are strong and can carry high loads for a long time if the loading is in the axial 
direction. Hands are naturally very flexible and good precision “tools”. With training people 
can of course strengthen their abilities to do certain tasks but the ideal is that the workplace is 
designed in such a way that the body uses its segments in a proper way.

The United States Department of Labor, Occupational Safety and Health Administration (OSHA) 
addresses another aspect, awkward postures, and can be read about where bending while 
lifting something so small as a screwdriver to heavier objects involves a risk. The bending position 
strains the back and increases the stress on to the lower spine and makes the muscles weary. 
When addressing awkward positions OSHA also mention reaching, that place considerable 
strain on shoulders, and carrying loads that creates uneven pressure on the spine, e.g. on one 
shoulder, under one arm or in one hand. Possible solutions are again to move objects into the 
power zone and minimizing the bending by placing the materials on shelves, tables or racks, 
or to lift the object by moving it close to your body and bending your knees while lifting. The 
power zone is the area close to your body. This way you do not only activate the arm muscles 
but also the power from the legs and minimize the strain on the back. Another risk is when 
twisting and bending forward while lifting. An easy way to minimize the risk of injury is to move 
the feet rather than twisting the torso. By always keeping your arms and elbows close to your 
body you keep the load as close to your body as possible. It is important to not start the lifting 
underneath mid-thigh and or above shoulder height. Lifting below will put stress on legs, knees 
and back and lifting above shoulder height puts stress on upper back, shoulders and arms.

During a long period of time the focus in ergonomics containing heavy lifting was to minimize 
the amount or amplitude (Hägg, Ericson and Odenrick, 2015). Nowadays physical loading is 
defined as, physical loading = posture x forces x time, from an engineering perspective. The 
interaction of posture, forces and time will determine the total risk of injury.

3.1.2.1 Volvo Group 

Concerning work postures and working movements, the operator should be able to work in 
a comfortable and ergonomic work postures 80 % of the working time. Work including e.g. 
lifted arms, raised shoulders or back bent forward means a risk for injuries or strains on joints 
and muscles and should not occur. The standard also agrees with the previous statement 
earlier that a good work posture is when the body’s muscles and joints are exposed to outer 
forces when close to a neutral position, relaxed and standing upright. The work should also 
be varied in its work postures, there should not be any squatting, kneeling or standing on 
one leg for longer periods of time or repetitively. Changing between different tasks should be 
done after 2 hours or more often. Work postures are targeted as e.g. <20° bending forward, 
<15° twisting or sideways bending of the neck and elbow and forearm in a neutral position. 
The previous are stated as goals and the risks that the Volvo Group standard mentions are   
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foremost fixed work postures during a long period of time or frequently repeated. Working or 
gripping outside an arm length distance, and bending or twisting of the back or neck; e.g. 
neck >15° bent forward, bent sideways, rotated or >0° bent backwards and back >20° bent 
forward, >15° rotated. An angle >60° between upper arm and body for a long period of time 
or on a frequent basis or working using hands at or near extreme positions are also considered 
risks. The standard also states that vibrations in combination with a bad working posture are risk 
factors and should be avoided.

The workplace should be designed to enable good work postures that take the worker’s 
physical dimensions into consideration. It should be possible to adjust the workplace and tools 
should be easy-to- use to suit each individual (Volvo Standard STD 8003,2, 2009)

3.1.3 Physical load and outer forces
The United States Department of Labor, Occupational Safety and Health Administration 
(OSHA), provides information about ergonomic solutions for electrical contractors and the 
potential hazards and possible solutions in their work environment. The work of an electric is 
similar to a mechanic’s in ways that they occasionally lift heavy objects, more or less frequently 
stand in awkward positions, and unavoidably work with the arms and hands. Because of the 
similarities the project group saw the importance of including these potential hazards and 
possible solutions in the report.

Heavy lifting above ca 23 kg will increase the risk of injury and a truck contains parts high 
above that magnitude, e.g. only one truck tyre weighs 100 to 125 kg. Possible solutions that 
are mentioned are mechanical machines or tools, such as: forklifts, lift junctions, or if materials 
must be lifted manually they should be placed in the “power zone”, mid-thigh to mid-chest, to 
decrease the direct load on the body. It is important to remember to never lift heavier than ca 
23 kg alone but to be at least two when carrying out such heavy lifts (note: tyres are not lifted 
without a machine).

The last thing that the report mentions is risks connected to “High-Frequency and Long-Duration 
Lifting”. Here a potential hazard is holding an item, even if the load is light, during a long period 
of time. This will increase the risk of back and shoulder injuries. Also, repeatedly exerting force 
such as pulling wires can fatigue the muscles. A possible solution is to use a lightweight material 
for a template, e.g. mark drill holes before mounting a heavy drilling machine to ensure the 
drill does not need to be held on place while levelling and measuring activities. Another 
solution is to provide stands or mechanical lifting devices to hold larger and heavier objects 
while fastening or attaching them. It is also important to rotate tasks between the employees 
so that one person is not exposed to the same activity for too long. Yet another solution is to 
work in teams of minimum two where one employee lifts and holds the object while the other 
attaches the object. The last important solution is to enable regular breaks to give the muscles 
time to rest. Working through breaks increases the risks of accidents, musculoskeletal disorders 
(MSDs) and can reduce quality because the employee is tired.
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3.1.3.1 Gender differences

Studies show that sick leave is more prevalent for women. In 2011, cost regarding women’s 
sick leave were 69% higher than men’s (RAP 2013:9). The major cause of the strain injuries is 
probably caused by loads at work. In Sweden 6.4% of the working women and 5.7% of the 
working men 2011 reported that wearing work postures had caused them injury within the 
year. Short but repetitive tasks were stated as the cause of injury by 2.6% of the women and by 
1.8% of the man. Heavy loads were stated as the cause by 4.2% of the women and 4.1% of the 
men. Women are overrepresented when it comes to sick leaves and injuries due to work tasks.

As previously described Hägg, Ericson and Odenrick (2015) stated that factors like age, gender 
and physical health are parameters that affects in what extent the body is exposed to loads. 
For example, a parameter is the difference in overall height of Swedish adults where 95% 
of the women were shorter than 1789 mm compared to men that were shorter than 1902 
mm (Hanson et al., 2008). The main difference between an average woman and man is that 
women has 50-80 percent of men’s maximal muscle strength, and the largest difference is in 
the upper extremities as e.g. grip strength.

Nordander (2004) sheds light on the topic work-related musculoskeletal disorders (WRMD) 
and how it affects different genders: man and woman. Generally, MSDs are more common 
among the female population, something Nordander investigated further in her article 2004. 
In the study she found that even though females and males performed the same work tasks, 
disorders in the neck and upper extremities were twice as common among females. However, 
for low back and lower extremities no difference was found. When it came to working postures 
of the head, upper arm and wrists, no big differences could be seen between male and 
females . Females, however, worked with a higher upper arm, higher velocity and with 40% 
higher wrist flexion/extension velocities.

The perceived psychosocial work environment was however not different between females 
and males. The females being studied spent more time on household chores and less time 
on physical exercise, compared to the males. Smoking was also more usual in the female 
population. 

In conclusion, the study found that females generally worked with high repetitive tasks with a 
high degree of constrained neck postures whereas males worked with heavier loads but with 
more varied tasks. Prevalence of MSDs in the neck and upper body was also very much higher 
for females compared to males working with the same tasks.

3.1.3.2 Volvo Group 

Volvo Group standard states that there should not be any physically monotonous, highly 
repetitive, large or rapid movements. The planning of work should allow dynamic muscular 
work where a chance for the body to have natural micro pauses for recovering. When workers 
manually handle heavy or slow-moving objects they must be relieved by mechanical aiding 
tools. The standard also mentions that work that includes force combined with precision should 
not exist (Volvo Standard STD 8003,2, 2009).
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3.2  Hands
The hands are also a part of the musculoskeletal system described previously but is described 
in more detail in this chapter because of its importance for the project.

The hands and wrists are very important limbs to have when performing some kind of a task. 
The hand, wrist and arm form a very complex structure that quite easily can wear out or get 
injured during physical work (Berlin and Adams, 2017). An injured hand can have very big 
consequences since it usually hinders the person from doing much other work. The skin of 
the hand has alone 17,000 receptors for senses that enables us to touch, feel pressure, pain, 
heat and cold. Moreover, the hand is used to express emotions like e.g. body language. 
Non-functioning hands can not only remove the ability to work but also the ability to express 
feelings through body language.

The components of the hand make it very good for high precision work, but not for using high 
force. This implies that it is of great importance to create work that is adapted to the hands 
ability to exert force and precision, this includes the design of hand tools.

Possible motions of the hand are flexion and extension (for both fingers), deviation (sideway 
wrist bending) and the twisting motions pronation and supination (see figure 1).

The hand is also crucial for grip functions 
depending of the task. While working or handling 
loads you should not overload the hand by too 
much twisting and bending. The hand has a 
functional resting position when the muscles are 
relaxed, the wrist is straight, the fingers slightly 
curled, and the pressure is as low as possible in 
the carpal tunnel. The carpal tunnel is a passage 
in the wrist that encloses the median nerve and 
several tendons. The ideal scenario would be to 
design work for the hands close to the functional 
resting positions. Movements outside far away 
from the functional resting position will decrease 
the strength and precision of the hand.

A few typical work-related problems 
that can bring injury to the hand are:

•	 Repetitive tasks

•	 High forces

•	 Punctual pressure on a small area

•	 Incorrect grips

•	 Vibrations

•	 Cold and heat

•	 Extreme positions during work

Radial deviation  /  Ulnar deviation

Figure 1. Overview hands motions

Extension  /  Flexion

Pronation  /  Supination 
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3.2.1 Designing hand tools
Often when a purchase is made for a new tool or equipment within a larger organisation the 
purchaser usually does not have the important facts about ergonomic aspects and sometimes 
limited or not existing contact with the end-user. Therefore, it is common that the purchaser 
only choose the tool based on price, Hägg, Ericson and Odenrick (2015) write. Besides the 
specific functions of the tool you must take into consideration adjustments to the human hand, 
such as transfer of power, comfort and maximal control of the tool. A lot of the tools today are 
designed from a male’s hand shape and size even if the tools commonly is used by both men 
and women.

Keeping the hand close to its functional resting position when working with hand tools is 
important in order to make sure the hand has good conditions for strength and  precision 
development. When a tool has a good design it is designed to meet those good conditions 
and lowers the risk for long-term consequences, e.g. injuries. The tool itself is one factor but it is 
also important to take the context and the work environment into consideration, e.g. how the 
tool is gripped is determined by the use of gloves or other protective clothing, due to vibrations 
or/and caused by substances that makes the tool wet, slippery or dirty. Hägg, Ericson and 
Odenrick (2015) write that the material and the tool design of the handle plays an important 
role in reducing the transfer of vibrations to the hand. The softer the material is the more the 
power is distributed over the whole surface and is preferred when it comes to subjective values.

Berlin and Adams gives a short list of questions to ask before designing a hand tool:

•	 Who is going to use the tools, and for what purpose?

•	 What is the function - what task is to be solved?

•	 Are there differences to consider in the design population, e.g. sexes (male/
female grip strength ranges) or cultures (preferred for different activities)?

•	 What anthropometric data is useful? E.g. different sizes, left/right hand prevalence etc.

Usually machines and tools are not adapted to those who have smaller hands and lower 
muscle strength. Since women usually have both smaller hands and lower muscle strength 
they are often affected by higher loads when using these kinds of tools. One and the same 
grip do not fit all hand sizes. Also when there is a focus on precision the challenge of avoiding 
static forces or loads are more important, these tools the function as well as the possibility to 
rest and comfort are equally important. To reduce the risks of MSDs the employer must provide 
the worker with handheld tools that are;

•	 Provide sufficient grip that are adapted to the requirements due to force 
and precision, with good friction and the force is well divided over the 
hand to avoid unsuitable point pressure e.g. no sharp edges.

•	 Fits different users individual hand size.

•	 Possible to use both with right and left hand.

•	 Permits a neutral position with wrist and arm, it should be relaxed.
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•	 Provide sight and give access to the work to be executed.

•	 Vibrate as little as possible.

•	 As light as possible as the function for the tool allows.

•	 Well balanced.

Another important aspect besides the design is the weight of the tool. The overall principle is that 
the handheld tool should be as light as possible to minimise the external load. Recommended 
from Hägg, Ericson and Odenrick (2015) according to studies the maximal weight carried by 
the user is 1.75 kg for precision tools and for other 2.3 kg.

3.2.1.1 Volvo Group 

According to the standard the maximum weight of manual handling using only one hand is 
0.5 kg when using overhand grip and 5 kg when using underhand grip. Powerful movements 
of the wrist upwards-downwards and sideways for a long period of time or on a frequent basis, 
are not good for the hand. Hand-held tools should be designed to support good working 
movements and work using vibrating hand-held tools should be minimized (Volvo Standard 
STD 8003,2, 2009).

3.2.2 Handheld vibrations
The Swedish Work Environment Authority (Arbetsmiljöverket) states that vibrations are a 
recurring problem they notice when inspecting different workplaces (AF1). According to a new 
EU directive 2002/44/EG the Swedish Work Environment Authority change their regulation, AFS 
2005:15, so that the two corresponded. In the regulation information regarding two important 
values can be accessed; limit and action value. The so called action value for the daily limit is 
2.5 m/s² and the value determined when the employer is demanded to react can be read as 
maximum of 5 m/s². The work should also be planned in such a way that exposure to vibrations 
is minimized, considering technical development and the possibilities to limit the vibrations. 
Hand and arm vibrations normally occur when working with vibrating machines and tools that 
is used by the hand, e.g. drilling machines, chain saws or impact wrenches. Vibrations can 
also come from other sources like steering wheel and handheld controls. Consequences are 
cold fingers, numbness and reduced feeling in the hands, that in turn can increase the risk of 
accidents. Permanent injuries like white fingers, nerve and muscle impacts can also occur as 
a consequence of exposure to vibrations (AFS 2005:15).

Berlin and Adams (2017) write that vibrations at work affect us both physically and mentally. 
When working in an environment with vibrations for a long-term ambient noise can decrease 
the concentration or hearing. This might result in the person missing important information and 
signals during the workday. Physically, the body tissues and organs absorb the energy from 
vibrations which is a risk factor and the muscles are trying to compensate for the vibrations 
exposed to. In the long run this creates a form of small static loading which tires the muscles 
and imposes a high risk to the joints. The joints in the body have a contact surface that is 
covered with cartilage in order to work as a shock-absorber and lessen the friction between 
the bones gliding against each other. However, if the body is exposed to vibrations over 
a longer time period the cartilage can break down, resulting in joint pain and problems. 
Coming in contact with vibrations in extreme postures, during a longer period of time, is extra
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dangerous for the body since the shock-absorber cartilage is even thinner at the outer edges 
and the bones, thus have less protection.

3.2.2.1 Hand injuries

If you expose your body, especially, your hands to vibrations over a longer time you risk to get 
different hand injuries.

3.2.2.1.1 Carpal Tunnel Syndrome (CTS)

The syndrome is due to compression of the median nerve that runs along the wrist called the 
carpal tunnel. This condition is caused by very repetitive work in extreme postures and high 
force development but can also be due to vibrations. The symptoms are numbness, tingling, 
less function and less strength in fingers and areas affected by the median nerve (Bohgard et 
al., 2015).

3.2.2.1.2 Inflammation in tendons

Inflammation in tendons occurs due to repetitive finger work or sharp edges on hand tools 
resulting in irritation in the tendons sheaths. The symptoms are pain when moving wrist or fingers 
because of a pressure and swelling feeling in the knuckles (Berlin and Adams, 2017).

3.2.2.1.3 White fingers or Hand-Arm Vibration Syndrome (HAVS)

When you get white fingers your fingers turn pale and loses feeling. The symptoms usually 
occur when you are cooled down and when you are exposed to vibrations, e.g. when you are 
swimming, fishing or other times when the whole body is cooled down. Other factors like stress, 
nicotine and medicine can increase the risk for the symptoms (AFS 2005:15).

3.3 Evaluation Methods
In this part methods for helping the project group to evaluate and assess the present ergonomic 
state will be presented. The methods used were chosen since they were the most suitable for 
the three ergonomic areas that had been chosen; heavy lifting, handheld vibrations and 
sound and light. To be able to evaluate, the project group filmed the mechanics during 
different tasks. The project group also asked questions during the tasks and afterwards as a 
complement to the video recordings.

3.3.1 Rapid Upper Limb Assessment (RULA)
RULA focuses on the upper body like hand and arm intensive tasks (Osvalder, Rose and 
Karlsson, 2015). The method has an easy design so that no need for an advanced degree 
in ergonomics or usage of expensive equipment is needed (Ergonomics Plus, 2016). The 
method focuses on one specific posture that occurs during a task. Chosen postures are usually 
identified through observations and dialogue with the practitioners (Berlin and Adams, 2017). 
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The loads that are handled in RULA are usually not very heavy (Osvalder, Rose and Karlsson, 
2015). In RULA seven body regions are assessed from a posture/position point of view. These 
regions also have numbers: (1) upper arm, (2) lower arm, (3) wrist, (4) wrist twist, (5) neck, (6) 
upper body and (7) legs. The assessment is done for right and left hand and arm separately 
and the side that gives the highest score is used as an indicator. A score is then generated 
depending on the body postures, the weight of the load  and if the movements are static or 
dynamical. The higher the score, the more dangerous the postures are and the injury risk is higher.

The RULA consists of four stages.

1. There are three ways of choosing which body postures that should be studied.

 1. Identification of bad work posture	

The whole work cycle is observed and potential risky postures are identified. The postures are 
chosen by observing what postures seem to be risky, uncomfortable or that does not follow 
ergonomic guidelines. 

 2. Analysis based on time sampling

The posture the person being studied has after a certain time interval, e.g. 10 seconds, should 
be chosen. The work cycle might be between 10 and 20 minutes. These postures are then 
analysed one by one.

3. Analysis based on task analysis

The work cycle or the work task is broken down into smaller parts using task analysis, e.g.  HTA. 
After this an analysis is done for the work posture for every work task.

2. Collecting data of body postures

No matter the method used to identify the bad body postures, video recording is a good way 
to capture them. But one can also take photos and do the assessment live since the work tasks 
can be paused and a certain body posture can be studied directly.

3. Assessment of body posture

The assessment of the body postures is done in the same way no matter what method was 
used to identify the body postures.

4. Compilation of results

Finally, the results are compiled and if possible the scores for the different postures will be 
explained. 

Since RULA concentrates on the upper body and many of the tasks performed in the workshop 
is concentrated to the arms and hands this method suited the project group well. From RULA 
an estimation and results from what positions are harmful can be concluded (see Appendix 
III).
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3.3.2 Rapid Entire Body Analysis (REBA)
Like RULA, REBA is used to analyse body postures but is more focused on the whole body 
(Osvalder, Rose and Karlsson, 2015). In REBA six body regions are assessed from a posture/
position point of view. These regions also have numbers: (1) neck, (2) upper body, (3) legs, 
(4) upper arm, (5) lower arm, and (6) wrist position, main difference to RULA is the that the 
positions of the legs are much more taken into consideration. REBA does not only analyse 
the loads on the body but also includes coupling effects, e.g. how well the person is holding 
the load. Moreover, the method considers if the posture of the upper extremities is caused by 
gravity and if there are big dynamical changes in the body posture. Like RULA and many other 
methods a score is generated that will determine what the recommended actions should 
be. As RULA, REBA consist of four stages: 1) choosing one of three ways how body postures 
should be studied, 2) collecting data of body postures, 3) assessment of body postures and 4) 
compiling the results. Likewise, REBA analyse the right and left hand and arm separately and 
the side that generates the highest score is used (Ergonomics Plus, 2016).

Although the method is very similar to RULA it was chosen as a complement to the RULA 
method. Additionally, REBA focuses more on coupling effects and the position of the legs 
which both were of interest to study (see Appendix IV). 

3.3.3 Key Item Method (KIM) 1, 2 and 3
Michael Schröder, Europe certified ergonomist, recommended different assessment methods 
from the Swedish Work Environment Authority (Arbetsmiljöverket) in order to identify harmful 
work postures. These are called KIM 1, KIM 2 and KIM 3, these can be downloaded from their 
website. KIM 1 assesses the risks of lifting and carrying loads, KIM 2 assess the risks of pushing 
and pulling heavy loads, and KIM 3 looks at how fingers, hands and arms are affected by 
loads and objects (manual work). KIM starts with the task and generates a score and this score 
determines if the posture, e.g. pushing, is hazardous. The method was good when analysing 
specific scenarios and functioned as a good complement to the other methods used.

The project group decided to not to use KIM 1 since the mechanics in the workshop have 
good aiding tools for lifting heavier things and they seldom carry parts for an extensive time 
or distance. KIM 2 and 3 served as a complement to RULA and REBA but with more specific 
information regarding load and time as well as an overall focus on e.g. the organisation. The 
project group felt that it was important to include and gain more specific results than from the 
previous methods used (see Appendix V).

3.3.4 Hand Arm Risk-assessment Method (HARM)
The purpose of HARM is to determine risks regarding arms, neck and shoulders when 
performing tasks. The method is suitable for hand or arm oriented tasks such as e.g. involving 
assembly or disassembly of components or packaging and sorting of products. It helps 
the conductor to get insight in the most important risk factors  associated to the work and 
determine which intervention measures have the most benefit and reduces the risks. The 
method should be used only on tasks that take longer than one hour per day in total and 
when force exertions exists, involving one hand exertions less than 6 kg and tasks other 
than computer work. It is also unsuitable for tasks primarily involving activities of the back
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and/or legs when carrying, lifting, pushing, pulling and working while bent forward, kneeling 
or crouching.

HARM involves eight steps in the paper-based version and six steps in the computer-based 
because of the slight difference in calculation between the two approaches. The method 
is especially useful to apply when a video recording of the task can be observed. If the 
performance differs significantly between employees an average value should be used and it 
also means that several different employees must be observed to be able to draw conclusions. 
They also recommend to assess together with a colleague the first time conducted.

The first step is to determine the task duration score that includes how long and how often 
the task is performed. The second step is to identify the most active hand or arm and then 
continuing to the third step to determine the force score on both hand separately. The highest 
value is determined by how much force is added, for how long time (in seconds) and how 
frequent the force exertion occurs. Step four is to determine the posture score by assessing the 
posture or angles for head/neck and shoulder/upper arm, and the duration in percentage of 
the total duration of the task from <10 %, 10-50 % or >50 %. In the same way the posture score 
for the lower arm/wrist is determined. Step five determines the impact of the vibration value 
or vibration score, if the task involves usage of a vibrating tool (if not, set a zero value) and 
the duration of the exposure per day. The sixth step includes the score determined by other 
factors answered with yes or no, were dependent on the number of yes or no determine the 
final score. The last two steps conclude the risk, first determine the score based upon step 3-6 
times step 1 and the final score is used to determine the level of risk, the last and final step. 
Depending on the value the score of the task end up in a ‘traffic light table’, were green does 
not pose a risk, if amber the task can pose a risk for some employees and must be lowered 
to protect the majority. Red means that the risk pose a significant risk for the majority of the 
employees and measures must immediately be done.

The project group will use the paper-based version from the Swedish Work Environment 
Authority (Arbetsmiljöverket), see Appendix VI. This because the paper-based was easy to 
access and print. The method then performed by looking at the recorded video the same way 
as for the previous methods.

3.3.5 Benchmarking
The Swedish Institute of Quality (SIQ) define benchmark as “... a systematic approach for 
comparing, evaluate and learn from role models, regardless of industry and geographical 
location. The purpose is to gain insight and knowledge which reacts to improvements within 
the own organisation” (Johansson J. & Abrahamsson L., 2015). Often benchmarking is used 
for improving methods, routines or processes not working. A sort of benchmarking is also 
performed within the Quality Function Deployment (QFD) and in the House of Quality. The QFD 
can be divided into four parts, performing a market analysis to find the needs and expectations 
of the customers and next examining competitors and how they satisfy the customer. The 
two other parts are identifying key factors and the last is to translate these keys into product 
characteristics. All these parts can be used when setting up a matrix for evaluation. The House 
of Quality is one of the seven management tools and is a part of the QFD process. Its consists 
first step customer needs (“the what’s”, vertical axis) and product characteristics (“the how’s”, 
horizontal axis) are described and these are concluded in the middle as a ‘Relationship matrix’,
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and form the ‘body’ of the House. After concluding the essentials, the House of Quality also 
consists of a ‘Correlation matrix’, that describes how the different product characteristics 
affects each other, is found on the top as a ‘roof’ of the House. Underneath the House the 
‘basement’ can be found, the basement consists of two floors and the first is ‘Target values’ 
and the second ‘Engineering competitive assessment’. Last to the right a balcony where the 
‘Competitive assessment’ are being performed (Bergman and Klefsjö, 2010).

The project will use a benchmark for being able to evaluate foremost the different impact 
wrenches used today. The project group will foremost use ‘Customers needs’, ‘Product 
characteristics’ and ‘Competitive assessment’ with the customer set and defined as the 
mechanics within the workshop and identifying their demands and requirements on the 
products.
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4.1 Ergonomic in production line compared to development 
workshop
Michael Schröder and Cecilia Berlin, both certified Europe ergonomists (experts in the area), 
saw the possible difficulties with evaluating a development workshop and not a production 
line. It is generally easier to evaluate a repeated movement and movements that you see 
different employees perform so you can collect a lot of data. In a traditional production line 
the products are manufactured and constructed. In contrast we have the GB workshop, a 
so called development workshop, in which special tasks are performed on the trucks. The 
development work can include tasks like testing a new part that has been improved or 
preparing for different kinds of tests.

A production line that the project group studied to understand the differences in relation to 
the GB workshop was the Tuve factory where Volvo Group has its production of the Trucks. 
Here the project group met a certified Europe ergonomist, Michael Schröder. The project 
group learned some differences between both facilities, from an ergonomic point of view, 
for instance the character of the work. Frequencies are higher in a production line than in 
a development workshop and the managers can justify their purchase of more ergonomic 
friendly tools. Tuve also has its own ergonomists that regularly are working with improving 
and proactive seeing over the work as well as having an active dialog with the managers. 
In development workshops the ergonomists have to be requested and this often occurs 
when injuries have been detected. Another aspect is that they have a rotation time of 2 
hours between the different stations on the production line. But the work they perform on a 
production line can be monotonous in its execution. The workers do however have trainings 
so that everyone knows what the recommended heights and weights are, and have it before 
designing new work stations. But a disadvantage of working on a production line is the lack of 
flexibility and limits the employees to take a small break when necessary and the work can be 
described as monotonous.

In a development workshop as GB the benefits are as described the freedom to an extra 
break for reflection and planning of the task besides the ordinary breaks. In the workshop they 
also have a need of constant problem solving since they get the truck with a description of 
what “to do” and since they do development work it always occurs problems e.g. new holes 
must be drilled to attach new bolts and a rear axle on this specific truck might be in the way. 

4 Results
In this chapter the differences between working with ergonomics 
at a production line (Tuve) and a development workshop (GB) will 
first be described. Hereafter, the results from the different scenarios 
and evaluation methods will be described. The purpose is not 
to give exact score values from the evaluation methods but to 
indicate what the evaluation methods concluded.
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Problems they have in the workshop are related to the need of specific parts for conducting 
the work properly and right. Since an ergonomist is not present on a regular basis but has to be 
requested often when it is too late there is no one who can ensure that the work is performed in 
an ergonomic good way or that the tools are gentle to the mechanic’s hands. The mechanics 
are usually not so experienced or have never heard how to work in a properly way and since 
they do not have any supervision the lack and knowledge might result in injuries.

4.2 Postures
The workers performed different work tasks depending on what kind of order that was 
required. To get an understanding of the mechanics’ work and to understand what was 
included in different tasks several tasks were studied. These tasks became different scenarios 
that the project group analysed in closer detail to identify risky body postures. In this chapter 
only selected tasks, that according to the manager are more frequently performed within 
the workshop, are chosen. One exception was ‘building chassi’ scenario which was picked 
because lack of frequency so that the manager would know how to address these kind of 
orders.

From the results the project group saw that many of tasks involved postures that needed further 
investigation and change according to for example RULA and REBA. This points the result 
towards the direction that many of the postures today can be harmful or cause injuries in the 
long run. RULA and REBA gave often results with “further need for investigation and change” 
but HARM, KIM 2 and KIM 3 usually gave results with “no risk etc.”.

4.2.1 Change engine
The task was to replace an engine with another and the task was performed mostly by one 
worker (usually two workers operate on these kind of tasks). In order to reach the engine and 
its nearby parts the cab was opened.

4.2.1.1 Loosen couplings

In order to lift out the engine several couplings had to be disconnected. However, they 
were very hard to loosen and take apart. The space the operator had to work in with the 
couplings was very narrow, making it hard to get a good grip on parts. These factors made 
the decoupling very tedious.

HARM identified positions of the head bent forward and the arms not being close to the body 
10 to 50 % during the total time for the task. Although it was challenging for the mechanic 
to loosen the couplings, HARM did not see any high risk for work related injuries. Since the 
task occurred about one hour in total and was not repeated more than twice a week it 
got the lowest time score, resulting in a total low HARM score. RULA saw the need for further 
investigation, mostly due to bad neck and trunk positions during the task. Because of the 
narrow area and bad visibility, the operator had to bend the neck in order to see what he 
was doing. The wrist was also twisted in order to get a sufficient grip, scoring in higher wrist twist 
scores. Upper arm and leg positions were otherwise good and decreased the total score of 
RULA.
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4.2.1.2 Bent knees

When loosening the engine, the mechanic had to stand on the tyres with bent knees in order 
to reach the necessary components. This meant bending the trunk forward in order to reach 
the components on and next to the engine. The arms were outstretched resulting in bad 
postures in almost all areas: trunk, neck, arms, wrist and legs.

REBA gave results that pointed towards medium and high risk and that change needs to be 
done. This mostly because of the bad upper body postures but the bent knees also contributed 
to the bad results. Because the knees were bent more than 60 degrees, scores were added 
that resulted in high scores for the trunk postures. The shoulders were raised but the arms and 
wrists were in good positions resulting in low arm and wrist scores. RULA also pointed towards 
the same direction, that change needs to be done. The trunk position score was very high 
while the neck and leg score was fairly low, resulting in a moderate neck, trunk and leg score. 
The wrist twist score was high, increasing the total arm and wrist score. 

4.2.1.3 Awkward position

Due to work behind the engine the mechanic stood on one leg in the small space between 
the engine and the tyre. The operator had one supporting leg that stood on the ground and 
the other leg was resting on the tyre while the trunk was bent forward in order to reach the 
components.

REBA pointed to medium risk and that further investigation needs to be done. The neck was 
slightly twisted and side bended resulting in higher neck position scores. Due to the awkward 
posture the trunk was bent backwards slightly twisted and side bended. Likewise, the legs 
were bent increasing the total neck, trunk and leg score. The arm and wrist wrist generated 
low scores since the positions were in an acceptable range. Results from HARM were in the 
category “not a high risk for injuries in arm, neck or shoulder due to the task”. HARM identified 
that the head was bent forward between 10 and 50 % of the total time of work and that the 
upper arm was positioned away from the body 10 to 50 %. This generated a moderate score 
on head/neck and shoulder/upper arm score. Some hand positions were identified as being 
close to the hands outer position between 10 and 50 % of the task. Since a vibrating impact 
wrench was used the vibration exposure was added to the scores. However, the task occurred 
about one hour in total and was not repeated more than twice a week so it got the lowest 
time score, resulting in a total low score.

4.2.1.4 Standing upright with raised arms

The truck was elevated in order to loosen/fasten parts under the truck. Tasks included using an 
impact wrench and this meant outreached arms above the shoulders when inserting the bolts. 
The trunk was quite straight but the neck was slightly bent backwards during this operation. 
Sometimes the mechanic had to stand on the toes and stretch the arms quite much to be 
able to reach the highest points.

The operation that increases the scores for REBA is the upper arm position. The upper arm was 
raised above the shoulders and abducted, resulting in the highest scores possible for upper 
arm position. The lower arm and wrist position scored the lowest possible points since they were
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in natural positions. The total score for arm and wrist became very high due to the upper arm 
position. The neck, trunk and leg positions were good, resulting in low scores. The neck, trunk 
and leg scores kept down the total score for the task, resulting in a medium risk task that needs 
further investigation and change soon.

RULA identified high arm positions and side movements of the arms that scored very high. This 
resulted in one the highest scores for arm and wrist. The neck was bent backwards and that 
resulted in high neck position scores. The trunk and legs were in good positions but since the 
neck had a high score the total neck, trunk and leg score still became quite high. These high 
scores resulted in a total high score pointing towards “investigation and implement change 
soon” for the task.

4.2.2 Change tyre
The task was to replace tyres on the truck with new tyres standing on a stand. The work required 
one person.

4.2.2.1 Remove/attach bolts

In order to take down the tyre the bolts that hold the tyre to the hub were removed by using 
a pneumatic nutrunner. Since the truck was on the ground the operator sat on a stool, with 
a slightly bent back and operated with a pneumatic nutrunner that weighed 4.8 kg. When 
attaching the new tyre, the same procedure was done but vice versa.

RULA identified higher scores in the wrist twist position when the pneumatic nutrunner was lifted 
up and down when screwing on/off the bolts. Since the pneumatic nutrunner weighs 4.8 kg 
additional scores was given to the arm and wrist position, increasing the total arm and wrist 
score. Both neck and trunk were bent forward during the task, resulting in moderate scores 
for neck and trunk. The legs were supported since the mechanic was sitting on a stool but the 
motions were repeated more than four times per minute and thus additional scores was given 
to the task. In total a fairly high score was given by RULA, pointing towards further investigation 
and that change may be needed.

The results from KIM 3 varied between low risk for injury and moderate risk for injury. The force 
exerted by the mechanic was not so high so the force score was low. Of all the categories to 
examine only the hand and arm position scored a score. The element that caused it was the 
twisting of the wrist when lifting the pneumatic nutrunner up and down when screwing on/off 
the bolts. The total time for the task was not more than one hour, resulting in the lowest time 
score, i.e. one, and thus keeping the total score low.

4.2.2.2 Roll tyre

After the tyres were taken off the truck they were rolled away by hand and put on a stand. The 
stand was elevated a bit forcing the user to roll/push the tyre up on the stand.

When the tyre was positioned on the stand it was with precision and fast movements, resulting 
in the highest score for movement when positioning. Apart from that no other activities during
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the task scored high. The time score was determined by how many times the operation was 
done per day and since it was less than 10 times, the lowest time score was generated, i.e. 
one. This resulted in a total score that was low.  KIM 2 showed low risk for work related injuries 
due to the postures involved in rolling the tyre.

4.2.3 Change battery
One person worked on the change battery task. The mechanic lay on a board on the ground 
under the truck in order to reach necessary parts under the battery cage. The arms, especially 
the right arm, was outstretched to the side in order to operate on the battery cage. The work 
involved many heavy components and uncomfortable postures for the operator.

When the mechanic was lying down the neck was bent and twisted in order to see what he 
was doing. This gave high neck position scores in RULA. The trunk was likewise bent and twisted 
in order to facilitate the task and this gave high trunk position scores. Since the mechanic was 
lying down the project group reasoned that the legs were supported and the lowest leg score 
was given. However, the total neck, trunk and leg score was still very high. The arms were lifted 
up, raised above the shoulder and abducted resulting in high upper arm position scores. The 
lower arm and wrist position score was low keeping down the total arm and wrist score. The 
total RUBA score was although very high and the task laid in the medium high risk area. The 
suggestions were to investigate and implement change.

4.2.4 Build chassis
The master is constantly rebuilt depending on how different projects look like. Since the master 
stands only have one height the operator had to sit down in an awkward posture when 
installing parts.

Both the neck and trunk positions gave high scores in REBA. The mechanic was sitting down 
with his legs bent more than 60 degrees, resulting in high leg scores. Since the neck, trunk and 
leg scores were high the total neck, trunk and leg score became high. The upper and lower 
arm were in acceptable ranges, giving the arm low scores. However, the wrist position score 
was high but it did not increase the total arm and wrist score substantially. Because of the high 
neck, trunk and leg scores the total REBA score was quite high, resulting in a medium to high 
risk task. The recommendations were to further investigate and change soon.

4.2.5  Change anti-roll bar and air springs
The task was to change anti-roll bar and air springs and this work required two persons.

4.2.5.1 Bent back

Initially much pre-work was done drilling new holes to be able to set a new attachment for 
the air spring and then fastening it with bolts on the chassis. The mechanics leaned over the 
chassis and worked mostly in positions with bent backs.

The trunk was bent forward quite heavily resulting in high trunk position scores in RULA. The 
neck was also bent forward but not as much as the trunk. Since the legs were supported and
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the trunk position was the only position that distinguished itself in the scores the total neck, 
trunk and leg score was moderate. While operating on the chassis, the wrist was bent a bit 
resulting in higher wrist scores but not enough to impact the total arm and wrist score. In total 
RULA suggested further investigation and that change may be needed. REBA scored high in 
the trunk position and low in the neck and leg position, leaving the total neck, trunk and leg 
score moderate. The arm positions were in acceptable ranges and the wrist was not twisted 
resulting in low arm and wrist scores. The total REBA score suggested medium risk, due to the 
bent trunk position, and that further investigation was needed. 

HARM identified medium force used by the hands. The head was bent forward and the upper 
arm was lifted forward 10 to 50 % during the task, resulting in higher scores. The forearm was 
twisted 10 to 50 % of the task, also increasing the score. The mechanic used a vibrating impact 
wrench which adds scores to the method. The total duration of the task was estimated to two 
hours but since the task did not occur more than twice that week, the lowest time score was 
given. Since the time score was the lowest, one, the total HARM score became low. HARM 
identified the situation as very low risk for injuries linked to overload in arm, neck or shoulder. 

4.2.5.2 Standing, using impact wrench and torque wrench

When the pre-work was done the truck was elevated and the operators worked under the 
truck. The work included usage of impact wrenches and torque wrenches. When the operator 
stood under the truck the knees and neck were bent in order to fit under the truck. Likewise, the 
back was slightly bent backward. This posture was held during the use of the impact wrench. 
A torque wrench was later used to fasten the bolts with specific torques. However, the arms 
were held above the shoulder and much force was utilized when using the torque wrench.

With REBA a forward side bending neck was identified and high scores were given to the neck 
position in REBA. Since the trunk also was forward bending the trunk position got a higher score 
than if it would have been straight. The legs were bent between 30 to 60 % which resulted 
in high leg scores. Therefore, the total neck, trunk and leg score became high. The arm was 
raised above the shoulders, thus the upper arm position scored high. The lower arm was not 
in its most natural position and also scored high, resulting in high arm and wrist scores. The 
total REBA score for the task was therefore high with the classification “high risk” task. REBA 
suggested investigation and that change should be implemented.

RULA identified high arm positions and lower arm positions that scored high. The wrist was bent 
and twisted, increasing the total wrist and arm score. The neck was bent forward resulting in a 
high neck position score. The trunk was straight and the legs were supported, giving low trunk 
and leg scores. Because of the low trunk and leg scores the total neck, trunk and leg scores 
were low. The total RULA score landed in the category of further investigation and that the task 
should soon be changed.

KIM 3 was used to assess the standing posture under the truck while using the impact wrench. 
Forces used when using the impact wrench varied between moderate forces to “peak” 
forces. The “peak” forces increased the force score. Some hand and arm positions were 
unfavourable, giving scores to the arm and hand position. The work conditions were usually 
good but somewhat cramped for this task, resulting in scores for work condition. High scores 
were given for a bad working posture. The total time for the task was about two hours and
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this gave very low time scores that kept the total KIM 3 score down. The total KIM 3 score 
indicated a moderate load situation and that overload was possible for people with lower 
physical strength.

After the impact wrench a torque wrench was used and REBA identified upper arm position 
above shoulder with raised shoulders, resulting in high upper arm position scores. The lower 
arm position and wrist were in natural positions that gave low scores. The neck and trunk 
positions scored law since they were almost straight. The legs were however not supported by 
both feet when tightening the bolts with the torque wrench, resulting in a higher leg score. The 
upper arm position and the leg position increased the total REBA score, resulting in a medium 
risk activity with the recommendations of further investigation and a change soon.

HARM identified high forces exerted by the mechanic when using the torque wrench, giving 
high scores in the force category. During the task the head was bent forward 10 to 50 % 
and the upper arm was bent forward 10 to 50 %, resulting in moderate scores for head/neck 
and shoulder/arm positions. The arms were fully stretched when pushing the torque wrench, 
and this was done 10 to 50 % during the task, resulting in moderate scores on the lower arm/
forearm positions. The total time for the task was less than one hour, resulting in the lowest time 
score. This kept the total HARM score down and the task was not seen as risky for the arm, neck 
and shoulder.

4.3 Hand
During an interview with Cecilia Berlin, certified Europe ergonomist, she stated that all positions/
postures are bad using a vibrating hand tool.

4.3.1 Designing hand tools and hand held vibrations
Many of the persons in the GB workshop have more or less serious injuries due to handheld 
vibrations. Symptoms like white fingers and numbness are common when speaking to the 
mechanics and several of them have been through surgeries due to the hand injuries. A 
lot of them are middle-age and have worked as a mechanic all their life but started out as 
mechanic in a production line. The more knowledge we have gained about injuries due to 
handheld vibrations, the more regulations have emerged, resulting in a more focus on better 
handheld vibration tools.

The handheld tools, impact wrenches, that they are using today is of the brand Ingersoll Rand 
and is an impact wrench that exposes the hand to vibration values between 3.1 and 5.9 m/s² 
depending on the tool size used. One of the mechanics has an impact wrench of the brand 
Rodcraft with a vibration value of 7.9 m/s². 

Atlas Copco is one of the suppliers of technical and mechanical tools to Volvo Group. They 
have many different models and within the large assortment, impact wrenches, pneumatic 
nutrunners and pulse tools. Some of were several models of the pneumatic nutrunner are 
vibration free. These so called pneumatic nutrunners use another bolt connected, or take 
support on beams or other attached objects in the near surrounding, in order to use their 
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force to loosen bolts. They are more ergonomic for the hand since they reduce the vibrations 
transferred to the hand to less than 2.5 m/s².

After research and with requirements from the mechanics the project group have found 
several tools that can replace the current ones and that are even or more suitable from 
an ergonomic point of view; minimizing the vibrations value and sound pressure. The brand 
that the project group found that are used for professionals are Ingersoll Rand (used today), 
Rodcraft (used today by one mechanic) and Atlas Copco (pneumatic nutrunner used today). 
Since it depends on which size of tool used the values also vary a lot.

After a visit to the auto fair in Gothenburg in January the project group found a lot of additional 
brands that was said to be equal to the ones found. The project group also learned that 
depending on how the measurement of the vibrations is performed the value can differ a 
lot, therefore it is hard to trust the manuals. The project group also found special gloves that 
absorb the vibrations and spare the user’s hands when using a hand vibrating tool. The gloves 
are equipped with quilted palm and the fingertips are possible to remove since the gloves are 
perceived as a bit ungainly due its quilted palm. This is an easy and cheap way to assure that 
the risk is lowered to a minimum.

The project group found a calculator for calculating daily vibration exposure on the 
Swedish Work Environment Authority. On the webpage ‘Arbets - och miljömedicinbloggen’, 
that is a serious blog where all the bloggers have a relevant education, e.g. leg 
physiotherapist and certified professional and environmental hygienist, as well as work 
experience. Here Per Leandersson (2015), toxicologist at work- and environmental 
medicine, says that since the hand vibrating tool has been measured in ideal conditions 
the value in the user manual should be doubled to reflect the usage of the tool in real 
life. Therefore, the calculations done with the calculator has been multiplied by two. 
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Table 2. The calculcated vibration value for different hand vibration tools. The ”Action value” is the 
max recommended value and the ”React value” is the value that the manager must do something.
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4.3.2 Benchmarking
Three mechanics in the workshop were asked to describe what kind of tools they used and 
what specifications those tools had. The mechanics will be regarded as customers of the 
product in this case since the benchmarking will try to identify similar or better products on the 
market. In the table 3, we find the tool used today (current) in the left column to the right of the 
specifications. To the right of the current tool are other tools on the market. Many other tools 
were identified but only the ones that were within the requirements and specifications of the 
customer’s needs were included in the tables below. Different specifications were included 
in the comparison were two are of special interest, vibrations and weight. These were seen as 
most the important factors when deciding what tools to use after interviewing the mechanics 
who stated that they preferred light and low-vibrating tools, and due to research, that states 
that vibrations and heavy loads is not good for the hands. These specifications are for the 
mechanics and group manager of the GB workshop, to be able to compare current tools to 
other tools on the market.

Table 3. Benchmarking different hand tools.
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This chapter discusses some differences between production line and development workshop, 
and the present ergonomic state in the development workshop. Here research question one 
will be answered.

5.1.1 Differences between development workshop and production line
After talking with Mikael Schröder we can say that the ergonomic focus has not been in 
development workshops like the GB workshop. This because that they have an ergonomist 
from Alviva AB out in Tuve that works daily with improving the work environment while in GB the 
manager must make a request for them to investigate. Although different, the tasks taken place 
are usually similar in the two work environments. There are obvious advantages of working in a 
development workshop compared to a production line. Just to mention a few, there are not 
as much repetitive work where, even if they change tasks at the production line, they do not 
repeat the same task over and over again. Here the largest advantage that can be mentioned 
is the problem solving, flexibility and more freedom during the performance. The mechanics 
can choose in which order to do the task and take shorter breaks when needed. One of the 
mechanics told us that he “...has the best job in the world” due to the flexibility and problem 
solving. Since the work in the development workshop is perceived to be less wearisome and 
repetitive it is easy for both mechanics and outsiders to neglect the ergonomic risks. Because of 
the non-repetitiveness there seems to be a prevalent thought that certain postures or positions 
are acceptable even if they are bad from an ergonomic point of view. It is important to 
understand that although not repeated often, movements and postures can still be dangerous. 
Moreover, nowadays we tend to retire in later ages, exposing the body to greater risks if not 
properly taken care of. By performing ergonomic studies in the workshop and educating the 
mechanics and their managers we believe that much can change for the better in the workshop 
environments. This by bringing someone to tell them how to work in an ergonomic way, to give 
them the possibility of being able to affect their own work environment is the most important 
thing. Giving them the knowledge is a first step towards a more ergonomic work environment. 

5 Discussion
In this chapter we will discuss the results and the evaluation methods, 
combined with theory and our thoughts on the matter.
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Therefore, we see the importance of a continued focus on workshops like GB. Not only is it 
important to educate the personnel but also influence them to act accordingly and provide 
them with the tools necessary.

The advantage of working in a development workshop compared to a production line is the 
non-repeating activities. Although you may repeat some tasks during the day or during the 
week you do not repeat the same task hour after hour like in the production line. From a 
vibration point of view this is good, it means that the mechanics in the workshop have the 
chance to rest the hand between certain tasks. This means that one could argue that it would 
be acceptable to use vibrating hand tools that have high vibration values since the tool only 
will be used for a couple of minutes. Someone from the auto fair in Gothenburg also reasoned 
this way. However, we think that it is better to always bring the vibrations to a minimum 
independent of how much the individual uses the tools. This not only prevents the mechanic 
from getting handheld injuries but it also sets the ergonomic standard in the workshop. It would 
be easy and cheaper to allow one big vibrating tool that only is used for certain jobs and 
not very often. In our case, we saw that one mechanic in particular had a very big impact 
wrench that he used for certain tasks. In the long run, if continuing using it, he might face hand 
injuries like numbness and white fingers. In the production line at Tuve, the vibrating equipment 
is monitored very well. The ergonomists know exactly what kind of tools are used, how they 
are supposed to be used and so forth in order to minimize the risks and increase satisfaction 
among the operators. In the GB workshop it is the manager that is responsible for the tools and 
equipment bought and used. Since it is easier to motivate a purchase for a more ergonomic 
tool in a production line than in a development workshop it is a dilemma for the manager, 
between economy and ergonomics.

Berlin and Adams (2017) discuss the problem with designing a workplace that fits all the 
employees. Compared to the production where you have many operators on one station, 
there is only one mechanic at one ship in the GB workshop. At the production line there are 
several operators that have to cooperate, working on the same product and using the same 
tools and equipment. You can not simply adjust the workplace to one person with one type of 
prerequisites but you have to think about the larger population. However, in the GB workshop 
you actually have the chance to adjust the workplace to the mechanics since they mostly 
work alone in their specific ships. This is also an advantage when working in a development 
workshop and connects to the flexibility of the work.

It is important that the employer follows ergonomic standards and ensures that work 
environment is good. We have earlier talked about the importance of not accepting one 
standard solution for the work environment since there are many different people with different 
prerequisites. We hope this will motivate companies to invest more in the employees and 
make the workplace possible to change, being able to customise for different people. The 
manager at the GB workshop wants a diverse work team which includes gender and not only 
age, experience and culture differences. So for the manager it is especially important to see 
how they can improve the work environment to be able to include women in the workshop. 
However, instead of attracting a diversity of people companies might want to save money, 
time and effort and only recruit similar people in order to motivate “a good ergonomic working 
area”.
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5.1.2 Body postures
We chose tasks that frequently were performed in the workshop and this means that there 
might exist other interesting and harmful positions that we have not studied. When looking at 
the video recordings from the tasks studied we selected postures and movements that we 
thought were harmful and suspected posed risk for injuries. Some positions that we thought 
were harmful turned out not to be and in the same way it could be the opposite, that we 
have missed some positions or movements that could have been harmful. We have also 
interviewed the mechanics to understand what positions or tasks that they suspected to be 
harmful. Unfortunately, we did not have the possibility to look at the same task performed by 
different mechanics so it is hard to draw definite conclusions. The mechanics are individuals 
and perform task differently, both in performance and how much they care for their bodies 
ergonomically. Important to remember is that we are not experts in the ergonomic area and 
many of the methods state that you need to have experience in the specific task evaluated. 
A deeper knowledge of the different tasks and a longer experience within ergonomics would 
therefore have been beneficial. But since we had an open approach to all situations and 
tasks our inexperience might have found aspects that an experienced would have missed.

From the results we found some tasks that were given the recommendations to further 
investigate and/or change due to the ergonomic conditions when performing the task. The 
evaluation methods, especially REBA and RULA, identified some risky hand and arm postures 
during some tasks. Example of tasks are changing the engine, changing the tyre and changing 
the anti-roll bar and air springs. The reason behind the bad hand and arm postures were often 
related to inconvenient work areas. When changing the engine, the mechanic had to stand 
in an awkward position since there was very limited space to stand in. This not only forced the 
mechanic to have a forward bending trunk but also meant hand and arm postures far away 
from the body, working outside the power zone. Another posture commonly seen was arms 
stretched above the shoulder in order to attach or loosen bolts using e.g. an impact wrench 
under an elevated truck. Instead of using the strength of the whole body the hand and arms 
have to carry the weight of the tool and exert force when the body and arms are in a weak 
position.

Volvo Group standard states that the operator should be able to work in a comfortable 
posture 80 % of the task. According to the standard, lifted arms and raised shoulders are not 
comfortable positions but these types of postures were seen several times throughout different 
tasks. Neither were the arms close to a neutral position as recommended by standards. The 
evaluation methods identified some tasks involving neck and trunk postures that scored high 
values. Examples are changing the battery, changing the engine and building the chassis. As 
for the hand and arms, the reason behind these bad work postures were mostly inconvenient 
work areas. When changing the battery, the mechanic lay on a board with wheels down on 
the ground and in order to reach the necessary components he twisted the back upwards. 
When changing the engine, the trunk was forward bent for quite a while, making it a very static 
position for a longer time. When identified, the neck and trunk were usually bent forwards or 
backwards, sometimes side bending or twisted simultaneously. The standard mentions that 
a good body posture is when the body’s muscles and joints are exposed to outer forces 
when close to a neutral position, relaxed and standing upright. Although the mechanics
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use tools and equipment during their work it seems like it is more often the postures that are 
problematic and not the weight of the tools and equipment they are using or handling. 
The bad postures in combination of carrying loads does not improve the situation but the 
underlying problem seems to be the postures. Some bad leg postures were identified but 
the area that was overrepresented in our study was the upper body: hand, arms, neck and 
trunk. This indicates that a change needs to be done to improve the work conditions for the 
mechanics, especially in the upper body area.

Berlin and Adams (2017) describe some factors that affect our body postures: space, vision, 
stress and protective clothing. In our case we clearly see how space is a factor that affected 
the body postures of the mechanics. Many times when the evaluation methods scored high 
it was because the mechanic stood in an awkward posture due to the space in which he 
was working in. Sometimes the space was too narrow or the truck was elevated in a way that 
did not suit the mechanic in a good way. Either way, to change the space to get a better 
ergonomic situation can be tricky depending on different factors. In some cases it would 
require a change of the truck since the design of the truck might interfere with the mechanics 
working area. For instance, this was the case with one mechanic when he we was working 
on the engine change. In order to reach the engine he had to stand on and between the 
wheel and engine. Many times, the mechanics have to come up with their own ideas for 
getting around obstacles on the truck in order to reach the desired components. These kind 
of ‘space’ obstacles, or preconditions, can sometimes be dealt with. For example, instead of 
standing on and between the wheel during the engine change the mechanic could have 
taken away the tyre, thus gaining more area to operate on. Although, it might not always 
be possible to remove parts to get the desired space. To remove parts, for instance the tyre, 
would be time consuming.

Extra tools and equipment might be needed and the task becomes bigger and takes longer 
time. If the mechanic is working under strict deadlines he or she might not find it motivating 
enough to make more space, or make a ‘better’ space. Another aspect of space is the 
equipment and tools they use. If the equipment is unwieldy it can prevent the mechanic from 
having a good ergonomic posture while working. For example, when elevating the truck the 
mechanics us certain lifts placed at the tyres of the truck. The mechanic often has to work 
under the truck and reach components above the head, e.g. when changing anti-roll bar 
and air springs. In this case, adapting to the preconditions means that the mechanic has 
outstretched arms above the shoulders for a longer time which is a bad ergonomic posture. 
Important here is to take the extra time and planning needed to ensure good ergonomic 
postures. Yet another aspect of space is the actual environmental space where the mechanic 
stands and works, e.g. the size of the workshop. This is probably the hardest area to change 
since you can not simply change a building, structure or size. 

There is the aspect of having a workshop that fits all body types and sizes. The instruments used 
might be very good and within ergonomic standards without paying attention to the actual 
workers in the environment. We know from literature that it is impossible to design a workplace 
that fits a ‘standard’ person. Instead, the focus should be on the needs and capabilities of 
the collective and not on the mere individual. We see some good examples of this in the GB 
workshop: from a selection of tools the mechanics are allowed to order their own impact 
wrenches depending on their own preferences. We have also seen times where it has been 
more problematic. When changing anti-roll bar and air springs two mechanics were working
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on the task simultaneously. While one was bending the trunk forward over the chassis in order 
to drill holes the other one was drilling holes on another place with the trunk more upright. The 
easy fix would be to change the height of the truck with the lifts so that a more comfortable 
posture would be achieved. However, this would be more time consuming.

Vision is another factor that affects your posture along with work environment. This has been 
evident when the mechanics have been working under trucks or in darker areas of the truck 
and where shadows are created. In order to see, especially details, the mechanics use torch 
lights or headlamps. Several times we have seen how the mechanics are troubled by the lack of 
light when they operate in darker areas. From an ergonomic point of view this means reaching 
out a little bit further, or to bend the trunk forward a little bit more in order to see better. The 
United States Department of Labor, Occupational Safety and Health Administration (OSHA) 
write about how small reaching or bending movements can affect the body negative if done 
incorrectly. The extra effort to see well can, if occurred repeatedly, lead to injuries. Another 
dimension of the vision is how visible the components are. For example, when changing 
the battery, the line of vision was blocked by other components. Improving the vision can 
sometimes be hard when working on a truck since it is a complex product. Methods like design 
for assembly could improve this but the responsibility is often at the manufacturing engineers. 
However, one should consider the difference in assembling a truck in an assembly plant to 
disassembling the truck in the GB workshop. Although easy to assembly might not necessarily 
mean easy to disassembly. Working with such a complex and big product like a truck it is 
unavoidable to have complex disassembly solutions. In this matter, the mechanics do not 
have much input, making it hard to change the situation. The last factor is protective clothing 
that the mechanics wear to help them stay clean when working in dirty environments. From 
an ergonomic perspective this is good since it enables the mechanics to for example handle 
heavy loads next to the body instead of carrying the loads away from the body in order to 
stay out of dirt.

Studies show that individuals feel well and develop if they are able to influence the setup 
and the carrying through of the task (AFS 2012:2). If the mechanics were proper educated 
with the risks and benefits of certain movements and postures they would be able to have 
a greater proper influence in the planning of tasks, purchase of tools and equipment, and 
regarding other activities taking place in the workshop. Not only does it make the worker more 
engaged in their work but it also prevents musculoskeletal diseases (MSDs). For example, many 
of the mechanics suffer from white fingers because of the use of vibrating hand tools. If proper 
education and influence over his/her work was given the mechanic would be able to make 
sure that the work at hand is ergonomic good in areas like choice of tools and equipment that 
vibrate within the exposure limit.

We recommend that the manager should follow the created checklist to improve and 
eliminate the risk of injuries (see Appendix VII) but we also found a more general checklist 
on the Swedish Work Environments webpage. As a complement to the checklist we also 
recommend the manager to invite someone to lecture about how they can reduce risks and 
hazards by working in a more ergonomic way and how to take care of their bodies. Since the 
mechanics do not have a history of quitting it could be a challenge when one new employee 
is introduced so another recommendation is to have an ergonomist stationed at Lundby so 
that it is easy to inform and make requests. Also for being able to follow-up the work and 
contribute to an increased focus in development workshops. 
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It is also important to listen to the mechanics’ suggestions and thoughts, due to their experience 
of different tasks, and when necessary be two persons on an order. Some tasks require more 
force and are more demanding than others, and at the same time they might require a lot 
of problem solving. This is positive since it gives the mechanics short breaks between the hard 
work and thought process of how to solve the next step.

5.1.2.1 Gender differences

By including more female mechanics in the workshop the diversity increases in one area, this 
area was important to the GB workshops manager and will therefore be addressed a little 
further. The largest challenges when including more women in this environment are according 
to us the gender roles, that hinders the women’s interest. Due to the gender role there are 
not a lot of women that might be encouraged to develop their interest for this particular part 
of work, mechanics, and therefore not apply to these educations. Another challenge is to 
attract them to choose a heavier industry that the automotive industry general is, and also 
attract them to trucks which is even a heavier vehicle than cars. We think that one way of 
boosting the interest is to be present at both fairs when applying to upper-secondary schools 
as well as career fairs if the school provides one. This way students knows that there exist work 
opportunities in the area and that they are attractive for the employer. Also include internships 
and summer employments for the possibility to try out the work. We think it could overall increase 
the amount of appliance and close the gap between the education/training and companies 
like Volvo Group. We can read on the webpage for ‘Gymnasiedagarna’ (2017) that Volvo 
Group will be present at the fair but their focus is divided and does include more areas than 
just educations for mechanics. We do not know how they handle the split focus and maybe 
they have someone there to represent the company from the mechanic’s perspective. But 
if not we think that it would be most beneficial for Volvo Group to have someone that could 
represent and answer questions in the same way they have other representatives from other 
areas.

Because of the lack of females the tools have not been developed to fit a woman’s hand. This 
might be a vicious circle: the females that choose to be mechanics do not feel comfortable 
with the different hand tools and the heavy work it contains resulting in lack of female 
mechanics. Due to the domination of men the hand tools are designed for larger hands and 
reducing the weight is not the first priority even though improvements have been done. We 
did however encounter smaller tools at the auto fair, e.g. a tool that was designed with a 
missing back part making it more front-heavy. Since a requirement when designing hand tools 
described by Berlin and Adams (2017) was that the tool should be well balanced we do not 
think that these tools fulfil this requirement and are not suited even if the weight is reduced.

To be able to include more females in the workshop environment something must happen with 
the tools and equipment. One way is if the larger companies put pressure on the manufacturers 
of different hand held tools that the requirements should be widened e.g. lower the weight 
and reduce the size of the handle, but also make sure that all requirements when designing a 
hand tool is fulfilled as stated by Berlin and Adams (2017). It is important to purchase the hand 
held vibrations tools that are most suited and at the same time update all tools. Including 
women would justify investing money in tools that are adapted to different persons, e.g. small 
and big hands, and updating all tools to the best in all aspects, e.g. vibration, weight and 
noise.
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One factor we saw that could hinder females in the workshop environment is height. The large 
difference in height between the average man and women is 113 mm and since these are 
just an average it can differ even more. There are some tasks that are dependable on height, 
e.g. to be able to lift the truck the mechanics must take off the cord from a hook and this hook 
is mounted high up on the elevator (see picture 9). Another task that is dependable on the 
mechanic’s height is the possibility to be able to reach certain components as described in 
‘change engine’. Women also have 50-80 % of men’s maximal muscle strength with the largest 
difference located in the upper extremities that effects e.g. grip strength. Another aspect is 
working in a team, that is recommended by us, and it can obstruct the work since a lot of the 
tasks involve working from underneath a truck and it might be harder to work in an ergonomic 
posture for both male and females. But of course this is a present challenge for the mechanics, 
even if most of them have the same height.

Picture 10. To the left ”tall” man, to the right ”short” women.

Another risk is to perform different tasks that today “always” have been performed in a certain 
way which requires more strength than other possible solutions. The manager wants the 
mechanics to rotate more and to be able to perform many different tasks that provides a 
diversification in what women, unlike men, can do as mechanics in a development workshop. 
From theory we saw that females generally worked with high repetitive tasks with a high degree 
of constrained neck postures whereas males worked with heavier loads but with more varied 
tasks. Prevalence of MSDs in the neck and upper body was also very much higher for females 
compared to males working with the same tasks. It would be easy for the manager to justify 
that women should work with lighter loads, but then the work might become more repetitive. 
Whether it concerns women or men, it is pretty clear that changing work is preferred. It is 
important to be open for new ways to perform different tasks and to be open minded, e.g. 
that women might not cope with tasks in the same way as men or that women can not do 
certain tasks due to physical differences. But instead of removing the women from certain 
tasks one can develop the way the tasks are performed and change the work environment.
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5.1.3 Hands
From the results we see that the mechanics are exposed to some unfavourable hand and wrist 
movements as well as handheld vibrations. The hands, wrists and arms can very easy wear out 
or get injured during heavy work (Berlin and Adams, 2017). It is therefore important to limit these 
movements and vibrations as much as possible. Much of the work in the workshop requires 
precision and the hands are the perfect tools for this (Berlin and Adams, 2017). The only problem 
is that most of the times these precision works involve loads or high forces, something that is less 
favourable for the hand. We noticed that many tasks involved supination and pronation, flexion 
and extension or radial deviation and ulnar deviation of the hand and wrist. For example, when 
changing tyres, the hand/wrist was in a flexion motion repeatedly when using the pneumatic 
nutrunner. Moreover, if the mechanic does not have the right pre-conditions e.g. good space, 
forcing the mechanic to operate in a bad posture, the hands may be forced to compensate 
with using force. Heavy tools will automatically make it harder to maintain a good body posture, 
especially if they are used for a longer time. Even if the tools should be lighter in general we 
have also learnt that the lesser weight the more it vibrates, since the weight absorbs part of 
the vibrations. This was also one thing several of the mechanics thought or knew, e.g. a result 
was that one of the mechanics used the largest impact wrench in the workshop that the 
manager had forbidden to use for a longer period of time. However, one favourable aspect 
is that since GB is a development workshop the work is more free and the mechanics can 
take breaks when they feel tired and need a rest. But in contrary since the ergonomists are 
present at Tuve they can control the tools and ensure the latest model and solutions are used.

We think that many times the unwanted hand movements could be prevented by having 
good body postures in general. During the engine change scenario, the mechanic had 
to stand in an awkward posture in order to perform his work because of the narrow space 
operating in. As a natural consequence of the narrow space, the worker had a bad posture 
that complicated the hand gripping. This shows how important it is to have the right pre-
conditions when working, in order to facilitate healthy and good postures.

The certified Europe ergonomist, Cecilia Berlin, stated that all postures involving vibrations are 
bad for the body. Most precision work is carried out with vibrating hand tools, e.g. an impact 
wrench, and these weigh different depending on the size of the tool used for that task. In the 
workshop all mechanics use vibrating hand tools, some more than others. Either way, the hand 
is exposed to vibrations. We can see the results of this, for example numbness and white fingers 
among the mechanics. Some of the tools are within the action value of 2.5 m/s², in theory, but 
should preferably be replaced with new tools since they are wear out over time. In the long 
term we think it is important to have a plan for upgrading the tools to new and better models 
since the development advances and due to the wear out. The Volvo Group standard (STD 
8003,2, 2009) states that the maximum weight for manual handling using one hand is 0.5 kg 
for overhand grip and 5.0 kg for underhand grip. Carrying more than 0.5 kg overgrip with one 
hand is not pleasant, depending on how strong you are. However, many of the tools used by 
the mechanics weigh more than 0.5 kg and are carried with an overhand/side grip, but not 
necessarily for a longer time. Since we found out that the vibration value also should be the 
double when calculated due to the wear out and that the measurements are performed in a 
confined and controlled environment the urge for changing the tools more frequently is more 
than just a recommendation. This also includes the need for a time plan when to replace tools. 
A short-term solution to decrease the vibration exposure could be to purchase protective 
equipment such as vibration reducing gloves. They do not have this glove in the GB workshop



53

Discussion

but it was found during the auto fair we visited and since they use vibrating hand tools this 
is could be seen as protective clothing that we discussed in the posture section. Another 
recommendation is to invest in a number of pneumatic nutrunners which do not vibrate since 
the mechanics change tires multiple times or have to loosen the bolts. For the time being, 
the mechanics have to share one pneumatic nutrunner which means that they only can use 
one at the same time, or that if the current one breaks they are without one. A larger torque 
leads to larger vibrations so by replacing the impact wrench used for loosening bolts with a 
pneumatic nutrunner would decrease the vibration exposure significant.

We have learnt that it is very hard to measure vibrations that is transferred into the hand and 
arm. It depends on factors connected to the individual’s anatomy of the hand and arm. It 
can also depend on the age of the vibrating hand tool, which deteriorates over time. Since 
the planned measurements could not be performed within the time frame of the project we 
are limited to the theoretical and perceived result that was presented in the previous chapter 
regarding the hand.

5.2 Evaluation methods
This chapter discusses how the evaluation methods were used as an introduction for better 
understanding how they were used in the project. From this the report will discuss how well the 
methods did or did not suit a development workshop.

5.2.1 General
A prerequisite when performing the different evaluation methods was to have a very good 
understanding of the task being performed, rough estimations could lead to incorrect results. 
Prior to recording the different scenarios we familiarised ourselves with the mechanics, their 
work and the workshop to get as good understanding as possible of the work. Our focus was 
to study the ergonomics so an in depth study in the area was performed and the mechanics 
were observed. However, there are many mechanics in the GB workshop and they all have 
different work styles and body postures while performing certain tasks. In the time frame of 
the thesis work it was impossible to get a very in depth knowledge of all mechanics in several 
different scenarios. We had to select mechanics for different scenarios and then study them. 
In this way we got a very good understanding of the mechanics during certain tasks, e.g. 
person x at task 1, person y at task 2, person z at task 3 and so forth. This means that we can 
have missed aspects in postures and tasks that other mechanics not studied would have done 
or not have done.

We used similar methods for identifying risky body postures such as RULA and REBA. We saw this 
as a strength, having methods that complement each other. But in the same way the results 
from one method was strengthened by another method, the different methods had a greater 
focus on different aspects. Some methods, e.g. HARM, focused more on hand and arms and 
other methods, e.g. RULA, focused more on the upper body. So even though they were used 
on the same scenario different parts of the body were focused on, complementing the results. 
RULA and REBA were good to use to get an overview of the task being evaluated since they 
were straightforward and simple to use. However, it would be of interest to have a similar 
method with more in-depth. Although it is easy to understand what areas of the body that
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generate the high scores the total score in RULA and REBA do not indicate what the problem 
area is, it only says e.g. ‘further investigation, change soon’. The methods used only gave us an 
indication if the evaluated task was harmful or not and to which degree. We can, based on 
our knowledge, draw conclusion which movements in the task that were harmful but it would 
be preferable if the methods indicated that in the method. KIM 2 and KIM 3 was used in this 
study to evaluate movements/postures within certain categories. Both KIMs were easy to use 
with clear instructions. For example, KIM 2 had three steps and each step contained different 
categories depending on the execution of the task. Depending on the postures and weight 
of the obstacle being moved you just had to mark that category. Eventually you got the total 
score. However, KIM 3 was somewhat trickier, especially determining the type of force used 
during the task, e.g. it was hard to determine if it was a ‘moderate’ force or a ‘big’ force used 
due to the description of the differences. These methods and HARM both used time score to 
decide if the task performed was considered harmful and needed to be taken into action.

5.2.2 Applicability of evaluation methods
During our study we have noticed that the ergonomic evaluation methods many times suited 
a production line, where the same work is repeated the whole day and where it is easy to 
monitor what the operators do. They have not been as suitable for evaluating work performed 
in a workshop like the GB, development workshop, were most work is not repeated for a longer 
period of time. We can sense that the focus has changed throughout time due to the change 
of work environments. Ergonomics in work environments have expanded and widened in 
perspectives and almost all work is now covered and guidelines can be found at the Swedish 
Work Environment Authority. By including several work areas together with the uprise of many 
new professions and foremost that many companies’ production lines have partly or totally 
moved abroad the focus have now shifted from the industry towards more e.g. desk related 
injuries. This might affect the introduction of new evaluation methods where we e.g. see a void 
within the methods for evaluating a development workshop.

Methods like RULA and REBA have been good to use in our scenarios since they more focused 
on the body postures. If there were any bad postures that imposed a risk for the body RULA and 
REBA has pointed them out and scored high. HARM and KIM have been good to study specific 
scenarios where tasks were more focused on hands, e.g. pushing, pulling or repetitiveness. For 
example, if we identified one task involving a lot of pushing we could use KIM 2 to evaluate if 
the pushing imposed risk for injuries.

The tasks being studied did not last for such a long time, mostly between one and two hours. 
This meant low time scores. Since the posture scores from HARM were multiplied with the time 
score to get the total HARM score, the total scores usually became very low. Even if there 
were individual postures that scored high in HARM it would not impact the total HARM results 
due to the low time score. This can be seen as positive since it means that the mechanics do 
not engage in a specific task for such a long time, lowering the risks for injuries. We should, 
however, not neglect the risk for injuries because of short time. Movements and postures done, 
even during a short time, can still damage the body if they are done incorrectly. However, 
RULA and REBA often got results that contradicted HARM and KIM 3. This mainly because 
RULA and REBA did not use time as a factor in the same way as HARM and KIM 3, instead they 
used repetitiveness as a factor and this could be seen as a complement to the time factor 
HARM and KIM 3 used. However, the repetitiveness factor in RULA and REBA did not impact 
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the total score as significant as the time factor affected the total results of HARM and KIM 3. 
The evaluation methods HARM and KIM 3 used the time factor how many hours the tasks were 
performed. HARM also used percentages to determine how long certain movements were 
held. While it is good to use both the time and percentage factor to estimate the degree of 
risk we have noticed some downsides with the methods as well. As we discussed earlier the 
time aspect makes so that the whole result becomes low if the task is not repeated for more 
than one hour. The percentage score depends on the duration of the task. Instead of solely 
looking at time and percentage, a recommendation would be to use the amount of postures/
movements done during the task. For example, if the back was bent several times during an 
activity, the amount of movements could be specified and evaluated. No matter the time, 
one would easily see how many ‘bent back’ postures were performed during the task. One 
of the methods, KIM 2, used this kind of time score but it was restricted to pushing and pulling 
activities. We think that it is important to include time in evaluation methods since time is a 
factor that determines the load on the body. From the theory chapter we saw that load = time 
x force x posture. The mechanics work about eight hours a day with different tasks, e.g. drilling, 
carrying and pushing. All activities together would reach several hours but when evaluating 
certain tasks individually they seldom reached more than one hour. Adjusting the methods so 
that they contain time frames in minutes would also be a recommendation for better suiting 
this kind of tasks, or if there is a way to add time scores from different tasks into one total 
time. The latter idea, to add times, sounds very suitable to evaluate work environments like 
a development workshop. Then it would maybe not be as problematic to use current time 
factors that exist in e.g. HARM and KIM 3. For example, in our case it means that we would 
be able to evaluate one mechanic a whole day when he (all the mechanics are men at the 
time being) is working on several task. We would then probably identify similar postures and 
movements within the different tasks that add up to time that better fit the hourly interval that 
the evaluation methods use. Instead of only or barely reaching one hour we would maybe see 
times closer to hours and this would increase the scores in the evaluation methods, representing 
a more accurate picture of the situation compared to our results. But since the focus of the 
study was not to try new ideas or methods, this theory was not tested by the project group.

From both the Swedish Work Environment Authority, the interviewed Europe ergonomists and 
the auto fair we learned that vibration injuries have again increased during the last few years 
and therefore an increased focus on evaluating vibrations and prohibiting vibration injuries 
are called for. The only evaluation method involving vibrations was HARM, containing different 
vibration values and the evaluator chooses the vibration value the worker is exposed to. Due 
to optimal test conditions and that the hand tools wear over time, this value could be twice 
as high in reality than to the value described in manuals. If this is the case we think that the 
methods should take this in account, either by compensating the scores or by providing 
additional information. Generally, we think that all methods should contain vibrations in a 
greater extent since vibrations imposes a dangerous risk to the hands and the body, or that 
evaluation methods containing vibration as a factor should be included when studying 
ergonomics in these kind of environments. However, as we understood earlier it is hard to 
measure handheld vibrations since it requires complex equipment and the results will depend 
on tool and the individual. This complicates the matter and makes it harder to use simple 
evaluation methods to gain an understanding of how the vibrations impact the person. It is 
stated that all body postures combined with vibrations are bad for the body. This is true but we 
think that it is too easy to only say that. If we reason that all vibrations are bad, we think it is a 
risk that we only state it without actually doing anything about it. If, however, there were easier
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ways to measure the harmfulness of vibrating tools we believe that it is easier to have 
action plans against vibrations. One might now reason that we just mentioned that 
all vibrations are bad so how come we need to measure how harmful they are? To 
simply state that vibrations are not good can still mean that someone uses a really bad 
vibrating tool. If we instead state how bad, e.g. on a scale, we believe it will be easier 
to motivate change and also create action plans, e.g. what should be prioritised.

When you lift something you often feel when it was too heavy and if you have bad luck you 
can damage your back. With other words, the pain and injury can come directly. When you 
deal with vibrating hand tools the injury always comes when the hand has been exposed to 
the vibrations for a longer accumulated.
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The project group studied five different scenarios with help of evaluation methods to get a 
better understanding of the mechanic’s work: change engine, change tyre, change battery, 
build chassis, and change anti-roll bar and air springs. RULA and REBA mostly focused on the 
upper body complemented with lower body regions, HARM focused on hand and arm intense 
activities, KIM 2 focused on push and pull activities and KIM 3 focused on the repetitiveness 
of work. Potential harmful movements and postures were identified and injuries among the 
mechanics like white fingers and body pain were found. The body parts that imposed highest 
risk for injuries were mostly found in the upper extremities: hand, arm, neck and trunk. The 
reason for this can be connected to inconvenient work areas. From the results the project 
group also saw that the mechanics were exposed to unfavourable hand and wrist movements 
as well as handheld vibrations. Therefore, the project group concludes that it is important to 
further improve the work environment in the workshop from an ergonomic point of view.

After gaining an understanding of the present state as well as the differences between a 
production line and a development workshop, conclusions could be taken regarding the 
applicability of the evaluation methods.

The evaluation methods used in the project were most suitable for a development workshop, 
based on research and recommendations from experts, and they were RULA, REBA, HARM, KIM 
2 and KIM 3. The methods RULA, REBA and KIM 2 were all simple to use, very straightforward in 
their execution with pictures for better understanding the different postures and movements. 
RULA and REBA had an additional score which was connected to repetitiveness with little 
impact on the total score while KIM 2 used the number of repetitions as time score. The 
methods HARM and KIM 3 were more complicated to use and sometimes hard to understand. 
The results gained from HARM and KIM 3 often contradicted the results from RULA and REBA, 
the main reason was identified as how the methods used time scoring. Since the development 
workshop does not contain as much repetitive work as a production line the methods using 
time score based on intervals using hours are not seen as suitable for this environment. Due 
to this the project group sees the need for further development and adjustments of current 
ergonomic evaluation methods, to better fit the workshop and other work environments. Since 
one of the chosen areas was handheld vibrations one particular method including that area 
was recommended by an expert, HARM. The method has a vibration category that gives 
you a predetermined value depending on time (hours) and vibration value. From a vibration 
perspective the method is very general due to the lack of focus on vibration exposure. The 
project group learnt that it is very difficult to measure vibration exposure but at the same time 
it is very important because of the increased hand injuries caused by overexposure. Since 
the project group did not find additional methods to evaluate vibration exposure the master 
thesis concludes that there is a need for more evaluation methods with focus on handheld 
vibrations.

The master thesis only focused on physical ergonomics and excluded organisational and 
cognitive ergonomics. It is important to know and understand that all three aspects affect the 
ergonomics at work and that depending on their correlation it can increase or decrease the 
overall ergonomic state. 

Conclusion6
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Appendix I
Ergonomiska riktlinjer Volvo Group, 2015
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Appendix II
Interview questions - mechanics

Swedish
Generellt

Anser du att det är ett ‘tungt’ jobb?

Varför/varför inte?

Hur många gånger har du utfört just detta arbetet?

Har du något utarbetat arbetssätt?

Tycker du att något är jobbigt? (ur ett ergonomiskt perspektiv)

_________________________________________________________________________

English
General

Do you think this is a heavy job?

Why/why not?

How many times have you performed this particular task?

Do you have a specific approach?

Do you think something is tough? (from an ergonomic point of view)
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Interview questions - Michael Schröder

Swedish
Kan du berätta hur man mäter handvibrationer?

Vad har ni för hjälpverktyg för mutterknackare, liknande eller inte?

Vad har ni för hjälpmedel vid tunga lyft?

	 ○ Är det andra än i GB?

”Hur” mäter ni tunga lyft?

Hur avskärmar ni buller?

	 ○ Hur håller ni ljudet nere?

Kan ni hjälpa oss att mäta bullernivån?

Kan ni hjälpa oss att mäta ljusnivån?

_________________________________________________________________________

English
Can you tell us how to measure vibration exposure?

What kind of “help” do you have for impact wrenches, similar or not?

What kind of aiding tools do you have when it comes to heavy lifting?

	 ○ Other than in GB?

“How” do you measure heavy lifting?

How do you shield noise?

	 ○ How do you keep the sound/noise levels low?

Can you assist us in measuring noise?

Can you assist us in measuring the environmental light?
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Interview questions - Cecilia Berlin

Swedish
Generellt

Vilka utvärderingsmetoder skulle du rekommendera för vår studie?

	 o Skulle du rekommendera OWAS?

Känner du till några bra utvärderingsmetoder för att utvärdera vibrationer i 
handen?

	 o Kan man använda PLIBEL för att utvärdera vibrationer i handen?

Vad är intressant när man studerar olika kroppställningar? Vilka faktorer spelar in?

_________________________________________________________________________

English
General

What evaluation methods would you recommend for our study?

	 o Would you recommend OWAS?

Do you know of any good evaluation methods for handheld vibrations?

	 o Can you use PLIBEL to evaluate vibrations in the hand?

What is of interest when studying different body postures? What factors are 
important?
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Appendix III
RULA - Rapid Upper Limb Assessment
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Appendix IV
REBA - Rapid Entire Body Analysis
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Appendix V
KIM 2 - Key Item Method
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KIM 3 - Key Item Method
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Appendix VI
HARM - Hand Arm Risk-assessment Method
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Appendix VII
Checklist - English
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Checklist - Swedish
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