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Abstract

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 (Hagg 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 fo 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 contfext 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 furtherimprovementsin the GB workshop is needed and that the
evaluation methods should be adapted to beftter 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.






English - Swedish
Air spring

Anti-roll bar

Bending machine

Certified Europe ergonomist

Impact wrench

Pneumatic nutrunner

Plate cutting machine
Swedish Work Environment Authority

Torque wrench

Visual ergonomics

Water cutter

Luftfiader

Krangare

Bockmaskin

Certifierad Europa ergonom utfardat av Nordiska
Ergonomisallskapet, NES, pa uppdrag av CREE
(Centre for Registration of European Ergonomists).
Mutterknackare. Mekaniskt slaende kraft.
Segdragare. En mutterdragare som anvander
mothallande moment istéllet for mekaniskt sldende
kraft.

Platsax

Arbetsmiljoverket

Momentnyckel. De kritiska bultarna dras at for att
sakerstaller ratt/tillrackligt moment. Den har ett langt
skaft viket gor att mindre kraft maste appliceras.
Ljusergonomi

Vattenskarare

Abbreviation/Nomenclature

CTD Cumulative Trauma Disorders

CTS Carpal Tunnel Syndrome

GTO Group Trucks Operations

GTT Group Trucks Technology

HARM Hand Arm Risk-assessment Method

HAVS Hand-Arm Vibration Syndrome

IEA International Ergonomics Association

KIM Key Item Method

MSD Musculoskeletal diseases

OSHA Occupational Safety and Health Administration
(The United States Department of Labor)

REBA Rapid Entire Body Assessment

RULA Rapid Upper Limb Assessment

VPS Volvo Production System

WRMD

Work Related Musculoskeletal Disorders
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| Introduction

Work is a cenfral 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
sifuation. Good working conditions are the basis for a productive and healthy work life.
Many factors affect the work environment but techniques and fechnical 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 inferactions 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 (Intfernational 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). H&gg, 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 Croup

This thesis has been performed at Volvo Group since they have a wide range of departments
ranging from productionlinesto developmentworkshops. One of Volvo Group's divisionsis 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.developmentworkshops. A productionline typically containswork thatisrepetitive
and a developmentworkshop 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.
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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 confributes to higher efficiency and productivity.

1.7 Purpose

The purpose of this master thesis was to investigate the ergonomics in the GB workshop and
the focus included two ergonomic areas: heavy liffing 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 fo 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 fo the narrow fime 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).



2 Methodology

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.

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 stfrong 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
tfendencies within both deduction and induction. The study takes an epistemological posifion
known as positivism (Bryman and Bell, 2015). Positivism advocates the application of methods
of the natural sciences to the study of social redlity. 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?2”.
The study only focused on physical ergonomics, and not on cognitive and organisafional 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.
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The study even neglected the cognitfive 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

2.7 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 intfention 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’ frustworthiness.

On the topic of validity, the project group interviewed experts within the ergonomic area fo
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
fo 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.



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
tfowards 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
intfo the following bullet points.

*  Whatis 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?

e Are there any significant controversies?
e 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 fo 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.

[T} [ET

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.

2.4.7 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 fo 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 fo 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
franslated 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 info
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
fry them out as a frial 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).



3 Theory of the body
and ergonomics

This chapter will first present background facts, based on a
literature study, and then continue onwards info more specific
detail depending on the areaq, to address important aspects. The
areas are heavy liffing and vibrations caused by handheld tools.
The chapter will also include theory of the ergonomic evaluation
methods used in the project.

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 fo 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 (Hagg, Ericson and Odenrick, 2015). Further, Hagg, Ericson
and Odenrick (2015) describe how an injury caused by strain occurs in muscles and fendons.
The literature uses words like Work Related Musculoskeletal Disorders (WRMD) or Cumulative
Trauma Disorders (CTD) fo 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).
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3.1.1 Ceneral

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.

e 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).

3.1.7 Posture

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

* Space: we adapt postures to preconditions.

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

o Stress: leads to e.g. more muscular tension which increases static loading.
e Protective clothing: prevents awkward postures in order to protect clothes.

A good posture is when the body is in ifs 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 | is in a weak position and
being put under excessive loads.The tissues in the body are put under unnecessary loads.



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 fo 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
liffing something so small as a screwdriver fo heavier objectsinvolves arisk. 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 liff the object by moving it close to your body and bending your knees while liffing. 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 liffing 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 (H&gg, 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 fime. Work including e.g.
liffed 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 fime
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 contfractors 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 potfential hazards and
possible solutions in the report.

Heavy lifting above ca 23 kg will increase the risk of injury and a fruck contains parts high
above that magnitude, e.g. only one fruck 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 fo 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 leveling and measuring activities. Another
solution is to provide stands or mechanical liffing 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 foo long. Yet another solution is to
work in teams of minimum two where one employee lifts and holds the object while the other
aftaches 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 fired.



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 1o sick leaves and injuries due to work tasks.

As previously described Hagg, 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 fasks,
disorders in the neck and upper extremities were twice as common among females. However,
forlow 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 fasks.

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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3.7 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
reloxed, 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 tfendons. The ideal scenario would be to § \5\5 ,5 /
design work for the hands close to the functional - 11; o
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

e High forces

Pronation / Supination
e Punctual pressure on a small area

*  Incorect grips Figure 1. Overview hands motions
e Vibrations
e Cold and heat

e Extreme positions during work



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 fool based on price, Hagg, 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 ifs 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
toolis 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. Hagg, 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:

e Who is going to use the tools, and for what purpose?
¢ Whatis the function - what task is to be solved?

e 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;

e 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.

e Fits different users individual hand size.
¢ Possible to use both with right and left hand.

e Permits a neutral position with wrist and arm, it should be relaxed.
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* Provide sight and give access fo the work to be executed.
e Vibrate as little as possible.

e Aslight as possible as the function for the tool allows.

*  Well balanced.

Anotherimportant aspect besides the designis 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 Hagg, 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 fo 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).

3.2.72 Handheld vibrations

The Swedish Work Environment Authority (Arbetsmiljioverket) 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/s? 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. driling 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 tfo. 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



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 tfask. 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 higherthe score, the more dangerous the postures are and the injuryriskis 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
).



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 V).

3.3.3 Key ltem Method (KIM) 1, 2 and 3

Michael Schroder, Europe certified ergonomist, recommended different assessment methods
from the Swedish Work Environment Authority (Arbetsmiljdverket) 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 é 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 fo defermine 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 ‘fraffic 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 maijority. 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 (Arbetsmiljdverket), see Appendix VI. This because the paper-based was easy fo
access and print. The method then performed by looking af 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 franslate 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’,



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 Klefsjo, 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 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
fo give exact score values from the evaluation methods but to
indicate what the evaluation methods concluded.

4.1 Ergonomic in production line compared to development
workshop

Michael Schroder 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 fraditional 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 Schréder. 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 frainings
so that everyone knows what the recommended heights and weights are, and have it before
designing new work statfions. 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.
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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.

4.7 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 o 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
fo 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.



4.2.1.7 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 frunk 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: frunk, 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 frunk 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, frunk 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 fotal neck, frunk 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 fime 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, frunk and leg positions were good, resulting in low scores. The neck, frunk
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 identfified 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 frunk 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 fruck 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 liffed
up and down when screwing on/off the bolts. Since the pneumatic nutrunner weighs 4.8 kg
additional scores was given fo the arm and wrist position, increasing the fotal arm and wrist
score. Both neck and frunk 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 fime 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.

4.2.2.72 Roll tyre

After the tyres were taken off the tfruck 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



the task scored high. The fime score was determined by how many times the operation was
done per day and since it was less than 10 times, the lowest fime 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 fruck 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 frunk was likewise bent and twisted
in order to facilitate the task and this gave high frunk 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 fotal 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, frunk 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, frunk 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 frunk position scores in RULA. The
neck was also bent forward but not as much as the frunk. 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,
frunk and leg score was moderate. While operatfing 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, tfrunk 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 frunk 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 liffed forward 10 to 50 % during the task, resulting in higher scores. The forearm was
twisted 10 fo 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 imoact wrench and torque wrench

When the pre-work was done the fruck was elevated and the operators worked under the
fruck. The work included usage of impact wrenches and forque wrenches. When the operator
stood under the truck the knees and neck were bent in order to fit under the fruck. 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 tforque 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 frunk was straight and the legs were supported, giving low frunk
and leg scores. Because of the low trunk and leg scores the total neck, tfrunk 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 “pecak” 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 fime for the task was about two hours and



this gave very low fime 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 fo 50 % during the task, resulting in moderate scores on the lower arm/
forearm positions. The total fime for the task was less than one hour, resulting in the lowest fime
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, cerfified 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 o
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 fo vibration values between 3.1 and 5.9 m/s?
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
nufrunners 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
fransferred 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 nufrunner used today).
Since it depends on which size of tool used the values also vary a loft.

After a visit to the auto fairin 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 frust 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 fo a minimum.

The project group found a calculator for calculating daily vibration exposure on the
Swedish Work Environment Authority. On the webpage ‘Arbets - och miljdmedicinbloggen’,
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.



Brand Model Weight| Vibration | Vibration value*2| Action value [2.5 m/sZ] | React value [5.0 m/s2]
[kq] [mis2] [mis2] Time [h:min] Time [h:min]
IR 3/8° 2115 QTIMAX 1.1 31 6.2 01:15 05:06
IR 3/8° 2102%P 0.62 4.4 8.8 00:38 02:32
IR 1/2° 2135 QTIMAX 1.8 53 10.6 00:26 01:45
IR 1/2° 2125 QTIMAX 1.1 3.1 6.2 01:15 05:06
IR 3/4° 21415 32 59 11.8 00:21 01:25
IR 1" 2155 QTIMAX 33 59 11.8 00:21 01:25
RC 3/8° RC2177 1.25 7.9 15.8 00:12 00:48
RC /2" RC2277 2.0 92 18.4 00:09 00:35
AC ErgoP. 3/8" |EP3XS HRX10 1.0 3.0 6.0 01:21 05:27
AC ErgoP. 3/8" |EP8PS HR10 1.0 41 8.2 00:43 02:55
AC ErgoP. 3/8" |EP8PTX70 HR10-RE 1.2 35 70 00:59 04:01
AC slaende 1/4" [W2110 0.98 7.0 14 00:14 01:01
AC ErgoP. 1/4" |EPBXS HRX42 1.0 28 56 01:32 06:16
AC slaende 1/2° |W2216 25 6.1 12.2 00-20 01:20
AC slaende 1/2° |W2815 2.0 79 15.8 00:12 00:48
AC slaende 1/2° W2815 XP 2T 4.6 92 00:35 02:19
AC ErgoP. 1/2° |EP14XS HR13 24 4.0 8.0 00:46 03:04
AC ErgoP. 1/2° |EP10XS HR13 1.3 4.6 92 00:35 02:19
AC ErgoP. 1/2° |EP9PTX80 HR13-AT 1.5 56 11.2 00:23 01:34
AC ErgoP. 1/2° |EP12XS HR13 1.6 6 12.0 00:21 01:22
AC ErgeP. 1/2° |EP10PTS30 HR13-AT 1.8 4.8 96 00:32 02:08
AC ErgoP. 1/2° |EP12PTS150 HR13-AT | 2.5 4.7 94 00:33 02:14
AC ErgoP. 1/2° |EP10PTSS0 HRF13-RE 1.8 4.8 96 00:32 02:08
AC ErgoP. 1/2° |EP12PTS5150 HR13-RE 25 4.7 94 00:33 02:14
AC sladende 3/4™ |W2220 6.3 92 18.4 00:09 00:35
AC slaende 3/4° [W2219 51 54 10.8 00:25 01:41
AC slaende 3/47 |W2820 38 79 15.8 00:12 00:48
AC slaende 3/4" |W2820 XP 445 6.5 13.0 00:18 01:10
AC ErgoP. 3/4" |EP15PTX250 HR20-AT 31 6.5 13.0 0018 01:10
CP 1/ CPETABEX-P11R ATEX | 24 8.7 17 4 00:10 00:39
CP 1/ CP7736 258 95 19.0 00:08 00:33
CP 12 CP7T33-F 254 7.9 15.8 00:12 00:48
CP 1/ CPETABEX-P11R ATEX | 24 8.7 17 .4 00:10 00:39
CP 12 CP7749 1.8 10.9 218 00:06 00:25
CP 1z CP7748 2 10.1 20.2 00:07 00:29
CP 1z CP7T748TL 22 4.8 96 00:32 02:08
CP 3i47 CPGBTEBEX-P18D 4.4 94 18.8 00:08 00:34
CP 34~ CP7630 4.8 9.8 19.6 00:07 00:31
CP 34~ CP&T63 55 94 18.8 00:08 00:34
CP 347 CP7769 34 12.6 252 00:04 00:19

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.



4.3.2 Benchmarking

Three mechanics in the workshop were asked to describe what kind of tools they used and
what specifications those fools had. The mechanics will be regarded as customers of the
product in this case since the benchmarking will fry 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.

Customer 1 Current  Alt1 Alt 2 Alt 3

Impact wrench [brand, size]| IR ¥ CP 1/2° AC <2512 AC <251/2°

Model [model] |2125QTi CPT748TL| LTPG1 HR170-13]|LTPE1 HRA70-13-MT

Bolt kapacity M14 - M14 M14

Free speed [rfmin] 15000 8200 1100 1100

Max. torque [Wm] 340 96 170 170

Max. loosening torque [Nm] 450 1250 170 170

Sound pressure [dB] 89.7 86 80 80

Vibration value [m/s2] 31 438 <25 <25

Weight [mis2] 1.1 2.2 3 33

Customer 2 Current Alt1 Alt 2 Alt 3 Alt 4
Impact wrench [brand, size] IR 12" AC slaende 1/2°| AC slaende 1/2°| AC ErgoP. 1/2° AC <2512
Model [model]  |2135 QTIMAX W2216 W2815 XP EP14XS HR13 | LTP61 HR170-13-MT
Bolt kapacity 14 M16 M16 M14 14
Free speed [r/min] 9800 7000 7400 3500 1100
Max. torgue [Mm] 746 720 1085 - -
Max. loosening torque [Mm] 1054 640 680 160 170
Sound pressure [dB] 942 93 94 85 a0
Vibration value [mis2] 53 6.1 7.9 4 <25
Weight [kal 18 25 2 24 33
Customer 3 Current Alt1 Alt 2

Impact wrench [brand, size] |AC ErgoP. 1/27 |AC <2.5 1/2° AC <251

Model [model] |[EP14XS HR13 |LTP61 HR170-13 [LTPE1 HRA70-13-MT

Bolt kapacity W14 M14 M14

Free speed [rfmin] 3500 1100 1100

Max._ torque [Mm] 160 170 170

Max. loosening torgue [Mm] 160 170 170

Sound pressure [dB] 85 a0 a0

Vibration value [mf=2] 4 <25 <25

Weight [ka] 24 3 33

Table 3. Benchmarking different hand tools.
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5 Discussion

In this chapter we will discuss the results and the evaluation methods,
combined with theory and our thoughts on the matter.

5.1 Present State

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 Schréder 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 arequest 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 fo 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 itis 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 notrepeated often, movements and postures can stillbe dangerous.
Moreover, nowadays we tend to refire 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 theirmanagers we believe that much can change forthe betterin 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.

45



46

Therefore, we see the importance of a confinued 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 fairin Gothenburg also reasoned
this way. However, we think that it is befter 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 fo be used and so forth in order fo 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 feam 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
areq”.



5.1.72 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 fto 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, idenfified 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 frunk 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 afttach or loosen bolts using e.g. an impact wrench
under an elevated fruck. 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, liffed arms and raised shoulders are not
comfortable positions but these types of postures were seen several fimes 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 frunk 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 neufral 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
frunk. 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 fruck was elevated in a way that
did noft 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 fime 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 fo 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 fruck the
mechanics us certain lifts placed at the tyres of the truck. The mechanic often has to work
under the fruck 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 exira 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



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 fruck 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 fruck
and where shadows are created. In order to see, especially details, the mechanics use torch
lights orheadlamps. 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 beftter. 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 fruck since it is a complex product. Methods like design
for assembly could improve this but the responsibility is offen at the manufacturing engineers.
However, one should consider the difference in assembling a fruck 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 fo 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 infroduced 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
confribute to an increased focus in development workshops.
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Itis 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 fime 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
aftract them to choose a heavier industry that the automotive industry general is, and also
attract them to frucks 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 overallincrease
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 fulfiled 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 fime 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.



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 fruck 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 tfruck 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.

Anotherrisk is fo 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 getinjured during heavy work (Berlin and Adams, 2017). It is therefore important fo 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
nufrunner. 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 fime. 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 tfime. 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 confrol the tools and ensure the latest model and solutions are used.

We think that many fimes 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 fo have the right pre-
condifions 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/s?, 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 fo 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 fime. 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 confrolled 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



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 noft 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 af the same time, or that if the current one breaks they are without one. A larger tforque
leads to larger vibrations so by replacing the impact wrench used for loosening bolts with a
pneumatic nufrunner would decrease the vibration exposure significant.

We have learnt that it is very hard to measure vibrations that is tfransferred 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 ftool, which deteriorates over time. Since
the planned measurements could not be performed within the fime frame of the project we
are limited to the theoretical and perceived result that was presented in the previous chapter
regarding the hand.

5.7 Evaluation methods

This chapter discusses how the evaluation methods were used as an infroduction 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 Ceneral

A prerequisite when performing the different evaluation methods was to have a very good
understanding of the task being performed, rough estimations could lead o 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 af 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 fo 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 s, 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 fime 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 nof repeated for alonger
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 infroduction 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 arisk 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 fime, mostly between one and two hours.
This meant low fime scores. Since the posture scores from HARM were multiplied with the fime
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 goft 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



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 tfime 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 fime 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 fime 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 info one tfotal
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 fry 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 frue but we
think that it is too easy to only say that. If we reason that all vibrations are bad, we think it is
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 are2 To
simply state that vibrations are not good can sfill 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.



6 Conclusion

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 intfense
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 onresearch 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 fime 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 inftervals 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 predefermined value depending on fime (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 af 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.
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Appendix Il

Interview questions - mechanics

Swedish

Generellt

Anser du atft det ar eft ‘tungt’ jobb?

Varfér/varfor inte?

Hur mé&nga génger har du utfort just detta arbetete
Har du ndgot utarbetat arbetssétt?

Tycker du att ndgot dr jobbigte (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 Schréder

Swedish

Kan du berdtta hur man mdéter handvibrationere

Vad har ni fér hjdlpverktyg fér mutterknackare, liknande eller inte?2

Vad har ni fér hj@lpmedel vid tunga lyft?
o Ar det andra an i GB?

"Hur” mater ni tunga lyfte

Hur avskdrmar ni buller2

o Hur hdller ni ljudet nere?

Kan ni hjdlpa oss att mata bullernivén?g

Kan ni hjdlpa oss att mata ljusnivéng

English
Can you tell us how to measure vibration exposure?

What kind of “help” do you have for impact wrenches, similar or note

What kind of aiding tools do you have when it comes to heavy liffing?
o Other than in GB2

“How” do you measure heavy lifting?

How do you shield noise?

o How do you keep the sound/noise levels low?e

Can you assist us in measuring noise?

Can you assist us in measuring the environmental lighte



Interview questions - Cecilia Berlin

Swedish
Generellt
Vilka utvéarderingsmetoder skulle du rekommendera for var studie?

o Skulle du rekommendera OWAS?2
Kanner du till ndgra bra utvérderingsmetoder for att utvardera vibrationer i
handen?

o Kan man anvdnda PLIBEL for att utvdrdera vibrationer i handen?

Vad ar intressant nér man studerar olika kroppstdllningar? 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?2

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

What is of interest when studying different body posturese What factors are
important?
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Appendix V

KIM 2 - Key Item Method

Beddmning av arbeten som involverar att dra | o2
och skjuta med stod av nyckelindikatorer.

Den totala aktiviteten méaste delas upp i separata aktiviteter. Varje separat aktivitet som innehaller
stor fysisk anstrdngning maste bedémas separat.

Arbetsmoment / aktivitet: |

Datum fér bedémning: Beddmd av:
Steg 1: Bestamning av tidspoang (V&lj endast en kolumn!)
Dra och skjuta korta avstind eller manga stopp Dra eller skjuta langre avstand
(enstaka distanser dver 5 meter) (enstaka distanser dver 5 meter) .
Antal ganger per arbetsdag Tidspoang Totalt avstand under arbetsdagen Tidspodng
<10 1 <300 m 1
10 till < 40 2 300 mtill<1km 2
40 till <200 4 1 km till < 4 km 4
200 till < 500 6 4 1ill < 8 km 6
500 till < 1000 8 8 till < 16 km 8
= 1000 10 216 km 10
Exempel: anvandning av manipulatorer, uppstélining av Exempel: sophdmining, mébeltransporter inomhus med hjul,
maskiner, distribution av maltider pa sjukhus avlastning och omlastning av containers
Steg 2: Bestamning av bedomningspoang for massan, noggrannhet i positionering, hastighet,
arbetsstillning och arbetsférhallanden
Massa som ska flyttas Transport och forflyttning hjalpmedel —
lastvikt Utan, lasten | Kérra 1. | Vagn, rullvagnar, Gallervagnar, handkarror, f
rullande rullas . ¥ dragkarmor - ) == rullbord,
e~ [l utan fasta J med fasta =S
P w o <* | hjul (endast - | hiul =y e, - |
styrbara hjul) ¢ dragkdrror ¥ g =
< B0 kg 0.5 0.5 0.5 05 0.5
50 till < 100 kg 1 1 1 1 1
100 till < 200 kg 1.5 2 2 15
200 till < 300 kg 2 4 3 2
300 till < 400kg 3 4 3
400 till < 600 kg 4 5 4
600 till < 1000 kg 5 5
= 1000
) o Grana omraden i tabellen:
Skjuta ;3;.‘: "%‘\ ./)? Kritiskt eftersom en kontroll av industritruckens/
L s lastens rorelser i hdg grad beror pa skicklighet och
<10 kg ol fysisk styrka.
10 till < 25 kg 2 it o il
: ita omraden utan nummer i tabellen:
Aok 4 Ska undvikas eftersom de nodvéandiga rorelsekrafterna
>50 kg |&tt kan dverstiga de maximala fysiska krafterna.
Noggrannhet vid positionerin Boreehastighet
o o = Langsamt (< 0,8 m/s) Snabbt (0,8 fill 1,3 m/s)
Lag
- inga angivelser av avstandet 1 2
— lasten kan rullas till den stannar eller fram mot ett stopp
Hég
— lasten méaste placeras noggrant eller stoppas 2 4
— avstandet maste foljas exakt
— flera andringar av transportriktningen
Obs! Normal ganghastighet &r cirka 1 m/s.
Rensa formularet Hjalpinformation




Arbetsstallning

Arbetsstdllning

Kroppen djupt béjd i rérelsens

S L R ! ftning 4
Lﬁg L Sittande pa huk eller pa kna, bajd
Kombination av béjd och
2 | vriden kropp 8

45%' ) Antingen framatbojd eller vriden
\ | overkropp (ensidiga dragrérelser)
9 _N_Jig! L

Anvand den vanligaste arbetsstaliningen. Man kan bortse ifrdn en stor lutning av Gverkroppen vid start, bromsning eller styrning, farutsatt att det endast

sker vid enstaka tilifallen.

Arbetsforhallanden

Bra: = golvet eller andra underlag 4r jdmna, harda, utan nivaskillnader, torra 2 ingen lutning < inga hinder i arbetsomradet = 0
hjulen rullar latt. Ingen uppenbart slitage i kullagren.

Begransade: =2 smutsigt golv, lite ojamnt, mjukt = svag lutning pa upp till 2 grader = hinder pa arbetsplatsen som méaste dver- 5
vinnas = hjulen &r smutsiga, de rullar tréigt, kullagren &r slitna.

Svara: 2 underlag utan golvbeliaggning eller ojamnt underlag, gropar, mycket smutsigt = 2 till 5 graders lutning = industri- 4
truckar maste ryckas loss nar de startar < hjulen dr smutsiga, kullagren gar mycket trogt.

Komplicerade: = steg, trappor = lutningar éver 5 grader # kombinationer av indikatorer frén "begransade” till "svara” 8

Indikatorer som inte ndmns i tabellen maste 13ggas till efter behov.

Steg 3: Utvardering - fyll i podngen och berdkna

Massa-/hjalpmedel

Positionering/rorelsehastighet:

+ Beddmningspodng
arbetsstalining:

=} | Beddmningspoang
arbetsforhallanden

x| |x 1,3

Tidspodng:

Med stdd av berédknad po&ng och tabellen nedan &r det mojligt att gbra en grov utvardering.

Beskrivning

Lag belastningssituation, fysisk dverbelastning @r osannolik.

Okad belastningssituation, fysisk tverbelastning &r majlig for personer med lagre fysisk
kapacitet. For denna grupp &r det fordelaktigt att &ndra arbetsplatsens utformning.

Kraftigt tkad belastningssituation, fysisk dverbelastning mojlig aven for personer med normal
kapacitet. En ny utformning av arbetsplatsen rekommenderas.

Totalt:
Riskomrade Riskpodng
1 <10
2 10till < 25
3 25 till < 50
B =50

Hog belastningssituation, fysisk belastning ar sannolik. Ny utformning av arbeltsplatsen ar
nodvandig.

Grénserna mellan riskomradena ar flytande pa grund av de individuella arbetsteknikerna och prestationsvillkoren. Klassificeringen kan darfér endast

betraktas som ett riktvarde.

Typiskt fér drag- och skjutarbeten ar att muskler och skelett riskerar att utsattas for plotsliga dverbelastningar till féljd av halkolyckor eller ovantade och
stora krafter vid dndrad transportriktning eller stopp.

Originalet publicerades av: Bundesanstalt fiir Arbeitsschutz und Arbeitsmedizin, Postfach 17 02 02, D - 44061 Dortmund and Landeraus-

schuss fir

Arbeitsschutz und Sicherheitstechnik (LAS!), Franz-Josef-Roeder-Str. 23, D - 66119 Saarbriicken). Denna version anpassades till svenska
farhallanden 2012. Se www.oska.se
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KIM 3 - Key Item Method

ARBETSMILJO
VERKET

KIM Ill - Riskbedémning av repetitivt arbete med stdd av nyckelindikatorer

Om flertalet olika arbetsuppgifter utférs inom en och samma arbetsdag maste dessa aktiviteter regist-
reras separat.

Arbetsuppgift:

Steg 1: Bestamning av tidspoéng

Aktivitetens totala varaktighet per skift
[upp till ... timmar]

Tidspoang 1 1.5 2 25 3 3.5 4 4.5 5 5.5

1 2 3 4 5 6 7 8 9 10

Steg 2: Bestamning av beddmningspoing for typ av kraftutévning, greppférhallanden, arbetsorganisation,
arbetsforhallanden, arbetsstéllning samt hand/arm position och rérelse

Typ av kraftutévning i finger-/handomradet Halla Rirelse
ger;grrnastr:;tfllll‘i;atld genomsnittlig rérelsefrekvens
[sek. per minut] [antal per minut]
60- | 30- | 15- 5 | 16- | 31-
31 ‘ 16 | 4 | | <] 15| 30 |60 |0
Niva Beskrivning, typiska exempel Beddmningspoing
lag Vildigt laga krafter
2 ; 2 1 0,5 0 0 0,5 1 2 3
t.ex. knapptryckningar/skjutrorelser/sortera
Laga krafter
t.ex. materialféring/insattning 3 1= 8 0 L 150 | 3 3
Medelstora krafter
t.ex. att greppa/sétta ihop sma arbetsstycken 5 2 1 0 05 1 2 5 8
manuellt eller med sméa verktyg
Stora krafter
t.ex. att vrida/linda/paketera/greppa/att halla
eller satta ihop delar/pressa in/skéra/att arbeta 8 4 2 05 1 2 4 8 13
med sma motordrivna handverktyg
Mycket stora krafter
t.ex. att skéra som innebér stérre kraft- | & 3 3 i 3 8 i3 | 3
anstrangning/arbete med sma héaftpistolar/for-
flyttning av, eller att halla i, delar eller verktyg
"Peak” krafter
t.ex. dra at, |6sgora bultar/separera/pressa in 19 9 & ! o @ 9 198
hig Slag med tumbasen, handflatan, knytnave - - - 1 1 3 6 12 21
Observera arbetscykeln och markera beddémningspodngen for de Vénster Hoger
olika kraftkategorierna. Summan av riskpodng fér halitid och hand: hand:
rérelsefrekvens ger kraftbeddmningspodngen (vanster och higer Bedémningspoing fir
hand beréknas var fér sig). Det hogsta vardet, for hoger eller kraftutdvning:
vénster hand, anvands for att berdkna den totala bedémnings-
podngen.
Version 2012
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Kraftéverforing / greppfirhallanden Poiing
Optimal kraftdverforing / igdngsattning / arbetsobjekten &r latta att greppa (t.ex. rérformade, infallda grepp) / bra 0
ergonomisk greppdesign (grepp, knappar, verktyg)
Férsvarad kraftéverforing / igangsattning/ storre kraft for att halla krivs/inga formade grepp 2
Avsevirt forsvarad kraftdverforing/igangsattning/ arbetsobjekten ar knappt mojliga att greppa (hala, mjuka, vassa 4
kanter)/inga grepp eller olampliga s&dana
Hand-/armposition och rirelse*) Poing
“ Bra: position eller rorelser i leder i medellage (avspant)/endast sallsynta 0
avvikelser
N ‘ Begransad: enstaka positioner eller rérelser i lederna i ytterlage 1
Ogynnsam: ofta forekommande positioner eller rérelser i lederna i ytterlage
Dalig: stindiga positioner eller rorelser i lederna i ytterlige/
N langvariga statiska armbelastningar utan hand-/armstéd 3
*) Typiska positioner ska beaktas. Séallan forekommande avvikelser kan ignoreras.
Arbetsorganisation Poéng
Frekvent variation av belastning pa grund av andra aktiviteter/flera arbetsmoment /tillrécklig aterhamtningsmajlighet 0
Mindre frekvent variation av belastning pa grund av andra aktiviteter/fa arbetsmoment/aterhamtningstid tillracklig 1
Ingen/néstan ingen variation av belastning pa grund av andra aktiviteter/fa enskilda rérelser per arbetsmoment/
hégt arbetstempo pa grund av linjestyrning och/eller hég ackordsprestation /ojamnt arbetsfléde med tidvis héga 2
belastningstoppar/ for lite eller for kort aterhamtningstid
Egenskaper som inte har ndmnts i tabellen kan beaktas pa motsvarande sétt.
Arbetsférhdllanden Poiing
Bra: |tt att urskilja detaljer/ingen blandning/goda klimatférhallanden 0
Begrinsade: svart att urskilja detaljer pga. blandning eller alltfér sma detaljer/drag/kyla/fukt/stérd koncentration 1
till féljd av buller
Egenskaper som inte ndmns | tabellen kan beaktas. Under mycket ogynnsamma forhallanden kan 2 poéng tilldelas.
Arbetsstallning **) Poiing
Bra: vaxling mellan sittande och staende &r mojligt/vaxling mellan stdende och gaende/dynamiskt
sittande &r méjligt/vila for hand och arm ar maéjlig efter behov/ingen vridning/ huvudets stallning 0
kan varieras/ inget grepp over axelhdjd
Begransad: balen lutar svagt mot arbetsomradet/ évervagande sittande stallning med tillfalligt
% ) staende eller gaende/tillfalliga grepp Gver axelhdjd 1
Ogynnsam: balen tydligt framéatlutad och/eller vriden/huvudets stalining anpassad for att urskilja
detaljer/begransad rorelsefrinet/endast staende utan gaende/frekvent greppande Gver axelhdjd/ 3
frekventa grepp langt fran kroppen
av aktivitet genom forstoringsglas eller mikroskop/stark lutning eller vridning av huvudet/frekventa 5

Dalig: balen kraftigt vriden och framéatlutad / kroppshé&liningen &r starkt begransad/visuell kontroll
! : bojningar/ konstanta grepp 6ver axelhdjd / konstant greppande langt fran kroppen

**) Typiska stéllningar ska beaktas. Sallsynta avvikelser kan ignoreras.
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Steg 3:

Virdering

Ange i diagrammet de bedémningspoéng som &r lampliga fér arbetsuppgiften och berdkna riskpoangen.

+ + + + +

Typ av kraftutévning(ar) i finger-/
handomradet

Kraftéverforing/Greppférhallanden

Hand-/armposition och rérelse

Arbetsorganisation

Arbetsfarhallanden

Arbetsstéllning

Summa

X Tidspoéng — Riskpoang

Baserat pa det berdknade riskpoéng och tabellen nedan ar det méjligt att gora en grov vardering.

Riskomrade ***) Riskpoéng Beskrivning

ik <10 Lag belastningssituation, fysisk 6verbelastning osannolik.

2 10 till <25 Mattlig belastningssituation, fysisk éverbelastning &r méjlig fér personer
med lagre fysisk kapacitet. For denna grupp ar det fordelaktigt att
&ndra arbetets och arbetsplatsens utformning.

3 25 till <50 ' Okad belastningssituation, fysisk dverbelastning méjlig dven for person-

er med normal kapacitet. Ny utformning av arbetet och arbetsplatsen

rekommenderas.

Hég belastningssituation, fysisk dverbelastning ar sannolik.

| Arbetets och arbetsplatsens utformning maste andras.

***) Granserna mellan riskomrédena &r flytande pa grund av de individuella arbetsteknikerna och prestationsvillkoren.
Nivabestdmningen kan darfér endast betraktas som ett orienteringshjalpmedel. | grund och botten méaste antas att allt eftersom
riskpoéngen stiger dkar risken for dverbelastning av det muskuloskeletala systemet.

Publicerat av Bundesanstalt fiir Arbeitsschutz und Arbeitsmedizin 2012 www.baua.de




Appendix VI

HARM - Hand Arm Risk-assessment Method

Arbetsuppgift — arbetstagare (initialer) Datum

Arbetsstélle - avdelning Beddmning utférd av

Steg 1A: Den sammanlagda tiden som uppgiften férekommer i snitt | .... timme -0,5=.......
under en arbetsdag (alla perioder tillsammans). Ange tiden
enbart fér de dagar uppgiften férekommer (max en

decimal)
Steg 1B: Hur manga dagar/vecka férekommer uppgiften?
- 1 eller 2 dagar/vecka: dra bort 1 poéng -1
- 3 eller flera dagar: poangen kvarstar -0
Steg 1C: Minst 7,5 min. paus™ per 1,5 timme?
- om ja: dra bort 1 poéng -1
- om nej: poangen kvarstar -0

*Las i handledningen vad som raknas som paus

Steg 3A Steg 3B Steg 3C
Ange den mest aktiva handen Hur lange varar kraften i Antal kraftanstrangningar/
(H,V,B) sek/min. minut (frekvens)
\ (for varje rorelse/moment)

Kraft Beskrivning och exempel <4 4-30 31-60 <4 4-30 > 30
liten Litet tryck med fingrar (t.ex. halla
Vikt<100g | en blyertspenna med 2 eller 3
Kraft<1 N | fingrar), sortera, trycka latt med

fingrar 0 1,5 3 1 25 4
Medel Halla litet motordrivet verktyg
V100 - med fingrar/hand.
1000 g Ta/gripa, halla delar, montera,
K 1-10N trycka hart 0 2,5 4 1 25 4
Stor Stadigt grepp med handen
V1-3kg (anvéndning av kniv/tang, hantering
K 10-30N | av delar el. verktyg, genomférande 0 3,5 [ 2 3,5 [

av tyngre delar (t.ex. kassaarbete)
Storre Mycket kraft med armen, (tunga
V 3-6 kg verktyg, tung mandver)
K 30-60N 0 4,5 7 2 45 7
“peak” Sla med handflata eller knytnave

- & E 3 5 8
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Steg 4A Arbetsstéllningspoang for HUVUD/NACKE och

Procentandel som arbetsstaliningen fore-

SKULDRA/OVERARM I;oé?ér?er av den totala tiden som uppgiften
0-10% 10-50 % > 50 %

Huvudet mer framatbéijt &n pa Huvudet mer sidobdijt &n pa forsta bild
forsta bild ELLER bakatbojt ELLER vridet

0 1,5 3
Huvudet bade framatbdjt och
vridet 0 2 4
Huvudet bade bakatbajt och
vridet

0 3 4
(Mycket) Framskjutet
huvud/haka

0 1,5 3
Overarmen langre framat, at sidan
eller bakatlyft an pa bilderna och
utan stod

0 2,5 3,5
(Starkt) uppdragna axlar

0 3 4

Poéang for arbetsstallning nacke/skuldra = hégsta poang =




Steg 4A Arbetsstallningspoéng fér HUVUD/NACKE och

Procentandel som arbetsstéllningen fére-

SKULDRA/OVERARM I;ggé:rrler av den fotala tiden som uppgiften
0-10% 10-50 % > 50 %

Huvudet mer framatbdjt an pa Huvudet mer sidobdjt &n pa forsta bild
forsta bild ELLER bakatbojt ELLER vridet

0 1,5 3
Huvudet bade framatbéjt och
vridet 0 pe) 4
Huvudet bade bakatbajt och
vridet

0 3 4
(Mycket) Framskjutet
huvud/haka

0 1,5 3
Overarmen langre framat, at sidan
eller bakatlyft &n pa bilderna och
utan stod

0 25 3,5
(Starkt) uppdragna axlar

0 3 4

Poang for arbetsstéllning nacke/skuldra = hégsta poang =

7’9
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Steg 4B Arbetsstallningspoiang UNDERARM/HANDLED

Procentandel som arbetsstéllningen fére-
kommer av den totala tiden som uppgif-

ten pagar
0-10% 10-50% >50%

Maximalt bojd eller strackt.

0 1 2
Underarmen &r (i pilens riktning) mer vriden &n pa nedanstaende
bilder 0 1 2
Handen tydligt bdjd i sidled fran handleden, nara ytterlage -
stéllningen i handleden ligger mellan lagena pa respektive bild.
Rérelsen &r i riktning mot tummen eller lillfingret. 0 1,5 3
Handen &r tydligt béjd fran handleden, nara ytterlage - stallningen
i handlederna ligger mellan stéllningarna pa respektive bild. 0 1,5 3

Poang fér arbetsstélining underarm/handled = hogsta poang =




Steg 5 Vibrationspoéng

Anvénds vibrerande verktyg vid uppgiften?

e« Om Nej, fylli en "0” pa vibrationspodngen pa den gra raden under tabell 5A och ga vidare till

steg 6.

¢ Om Ja, ar verkiyget accelerationsvardet kant?
- Nej, ga till 5A
- Ja, ga till 5B

Steg 5A Accelerationsvardet ar inte kant

Vilken av nedanstaende férhallanden stammer bést?

Ringa in passande poang och for ned till den gra Exponeringstid inom arbetsuppgiften
raden under tabellen.

Beskrivning 0-4 timmar 4-8 timmar
Vibrationer inte eller knappast kannbara eller 0 0
synliga fér operatér och observatér

Vibrationer inte synliga, men k&nnbara av 2 2
operatér och observatér (kittlar)

Vibrationer synliga (lite) i underarm och hand, 2 4
tydligt kAnnbara av operatér och observatér

Hander, armar och skuldror vibrerar tydligt synbart, 4 4
vibrationer ocksa tydligt kAnnbara.

Vibrationspoédng: ta med det inringade talet

Steg 5B Accelerationsvirdet ar kant

Vilken av nedanstaende férhallanden stimmer bést?,
Ringa in den poang som stdmmer och for ned till den Exponeringstid inom uppgiften
gra raden under tabellen.
Accelerationsvardet 0-4 timmar 4-8 timmar
<2,5m/s? 0 0
2,5-5m/s? 2 2
>5-10m/s? 2 4
> 10 m/s? 4 4
Vibrationspoang: ta med det inringade talet
Steg 6 Andra faktorer:
Ange fér varje faktor om den stimmer med de aktuella férhallandena Ringa in
Fasta tider for raster o pauser (motsats till att sjalv kunna bestimma nér man tar paus)? Ja/nej
Ogynnsamt klimat ( t.ex. kyla, drag) ? Ja/nej
Svart att koncentrera sig (enbart vid koncentrationskrdvande arbete) Ja/nej
Dalig kontakt med verktyg och material, t.ex. genom handskar? Ja/nej
Precisionskrédvande arbete? Ja/nej
Poéng andra faktorer Ringa in
0"Ja” — svar ger podngtalet 0
1"Ja” — svar ger poangtalet 1
2

2 eller fler "ja” — svar ger poangtalet
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Steg 7 Total riskpoéng:

Notera poédngen fran steg 3 - 6 (A) Poéng
Kraftpodng (stegg)
Poang arbetsstéllning nacke/skuldra (steg4A) e
Poéng arbetsstélining underarm/handled (steg4B) | ...
Vibrationspoang (stegd) e
Poang andra faktorer (stegf) e +

Summera podng (A)

Tidspoéng (steg 1) (T)

Berékna riskpoéng
(AxT)

----------

Beddm risk med hjalp av nedanstaende tabell:

Total poang | Risk

Ingen forhdjd risk fér belastningsrelaterade besvar i arm, nacke eller
skuldra for majoriteten av arbetstagarna.

25-50 GUL

Risk fér besvar i arm, nacke eller skuldra fér en del av arbetstagarna.
For att skydda arbetstagarna ar det viktigt att vidta atgarder for att
minska risken.

Hog risk for belastningsbesvar i arm, nacke eller skuldra fér en stor
del av arbetstagarna. Vidta atgarder omgaende.

UTTALADE BESVAR

Om nagon arbetstagare har besvar och misstanke finns om samband
med arbetsuppgiften &r det ALLTID viktigt att underséka orsaken och

vidta atgarder.




Appendix VIl

Checklist - English

A Stand with both legs and feet supported in the floor.
dAvoid working with bended knees.
dAvoid kneeling for a longer period.

A Keep back and upper body as straight as possible.
JAvoid twisting of the back.
A Avoid positions where you must bend or twist
back even for a shorter time.

AWork with arms within reach and shoulders
lowered.
AIf possible lower the truck even if only for a
short while.
(A Avoid positions with arms that force the arms to
work obliquely.

AKeep hands and wrist in a neutral position.
JAvoid twisting the wrist.

AMake sure you use the lowest vibrating hand tool
possible.
(A Take an extra minute to change tool and give
yourself a little break and body to recover!
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Checklist - Swedish

ASta med bade fétter och ben stadigt pa
marken/golvet.
A Undvik att arbeta med bdjda knan.
A Undvik att sta pa kna langre perioder.

[AHall rygg och éverkropp sa rak som mgjligt under
arbetet.
AUndvik att vrida ryggen.
dUndvik kroppsstallningar dar du maste boja
eller vrida ryggen under langre perioder.

dArbete inom armlangds avstand och med axlarna
sankta.
JIOm mgjligt sank vagnen for en kort stund for att
underlatta din arbetsstallning.
AUndvik arbetsstallningar dar armarna tvingas
arbeta langt fran kroppen i sneda positioner.

A Hall hdnder och handlederna i en neutral position.
A Undvik att vrida handlederna.

dArbeta med det minst vibrerande verktyget du kan.
A Det ar inte sa brattom att du inte hinner byta
verktyg och lata din kropp aterhamta sig for en
liten stund!
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