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Abstract

The advancement of occupational health and safety of wind turbine blade manufacturing plant
workers requires some insightful analysis of how to operate and maintain wind turbines
efficiently. This report dives into a depth analysis of two well-renowned OSH issues i.e.,

Ergonomics and Noise hazards.

Both the combination of qualitative and semi-quantitative methods were chosen to provide a
more complete understanding of our research problem. For the ergonomics issue at first, the Risk
Matrix was used to get the heat points colored red, yellow, blue, and paste, and afterward, the
heat zones were prioritized further by the FMEA tool to get the RPN. On the other hand, noise
hazard was analyzed by the application of FTA. Both issues have an immense impact on the
stakeholders for ensuring a decent workplace, so a 2x2 power-interest matrix was applied for the
stakeholder analysis.

The results showed that Musculoskeletal Disorder (MSD) has the most severe impact with the
highest Risk Priority Number (RPN) i.e., 216 when workers perform awkward tasks like
molding, shaping, etc., while in case of hearing loss headache is the principal nuisance when the
workers are compelled to deburring blades tasks with heavy duty machinery.

The results of our research can prove helpful for future investigations in the field of wind
turbine blade manufacturing plants by the adoption of wearable sensors, robots, active noise
control systems with Artificial Intelligence as well as engaging modernized acoustics panels.



Table of Contents

Abstract
L ANErOAUCTION ... 1
1.1, MOUIVALION.....eiiiiiiiiicie e 3
1.2. Problem Definition .........ccocvvvviiiiienieic e 3
1.3. Problem Formulation..........ccccoooviviiienininnisie e 3
2.MethodOlOgy ......ccveeieeiee e e 5
L RESUIL. ... s 6
3.1. List for Ergonomic Hazards ..........ccccceeevveeveeiieciieciieenen, 6
3.2, RISK MALIIX coeovviiiieiiiiiesieeie e e 7
3.3. Failure Modes and Effects Analysis (FMEA)............... 10
3.4. Fault Tree Analysis (FTA) .o 13
3.5. Stakeholder Analysis........ccccoovevieiiivinin e 14
3.5.1 Keep Satisfied........ccoeviveiieiiiiieeesee e, 15
3.5.2 Manage CIOoSely .......cccccviierieiiieii e, 15
3.5.3 Monitor With Minimum Effort............ccccceeeee, 15
3.5.4 Keep Informed.........c.ccooevieiiiiieie e, 15
4. DISCUSSION ...vveuiiitieiesiiesteesieseeiesieestesseesbeeeesseesaesneesteeneesneeneesseens 16
4.1. Risk Mitigation Methods For Ergonomic Hazards.................. 16
4.2. Risk Mitigation Methods For Noise Hazards .............c.ccccue..e. 18
4.2.1. Use Of Sound Absorbent Materials...........c.cccccevenneen. 19
4.2.2. Isolation Of Workers From Noise Sources ................. 19

4.2.3. Personal Protective Equipment (PPE) ........c.ccccocvvvvne. 19



4.2.4. Administrative Control ... 19

4.3. Stakeholder Involvement in Administrative Control................ 19
5. CONCIUSION ..ot 21
6. FULUIE PEISPECIVE ..o 23
6.1. In the case of ErgoOn0OmMICS ........cceiveiiriieiie e 23
6.2. In case of Noise management.........ccoccvvveireenieeseesie e 23
7. DEliMItAtiON  ...ooieeiiece e 23

8. R O ENCES ..ottt e e e e e e e e e e e 25



1. Introduction

The wind energy industry has seen tremendous growth in the recent past with wind turbines
being a key component of renewable energy production globally. However, manufacturing wind
turbine blades, which are an important part of these systems, poses unique challenges to worker
health and safety. This report discusses the integration of health and safety protocols within the
framework of wind turbine blade manufacturing plants. [1]

Health as far as wind turbine blade manufacturing is concerned covers various aspects of
concern. It entails taking care of the workers’ well-being physically, and mentally, and those
who are involved in production processes. The complex nature of health that exists in this
context implies that there must be an all-rounded approach to it that does not only consider
immediate physical hazards but also long-term occupational risks and intrusions on employees’
well-being. By including a bunch of health subjects ranging from ergonomics to exposure to
hazardous substances, it tries to maintain an overall healthy workforce. [2]

On the other hand, safety refers to establishing a risk-free work environment for workers.
Safety measures should therefore address issues arising from operating heavy machinery at these
plants in addition to exposures involving dangerous materials while considering the dynamic
nature of manufacturing processes. Strict adherence to safety rules is vital since it will prevent
accidents and injuries thus making sure that working conditions are safe enough for every
employee.|3]

The science and practice of ergonomics involves designing systems, processes tools, or
environments that fit human capabilities and limitations to improve overall performance and
productivity. To enhance productivity, safety, and quality thereby reducing costs; ergonomic
concerns such as workplace design, job demands, and worker health must be adequately
addressed among those involved in manufacturing industries such as factories. Proper application
of ergonomics into workplace designs can match user characteristics with task requirements
hence improving productivity, safety & well-being satisfaction while at work (Darbra &
Giindogdu 2010).

Numerous kinds of research indicate how critical ergonomic principles can affect
workplace design, job structure, machinery as well environmental and facility design (Kleiner
2006). Ergonomics enables an environment that is designed according to worker requirements
and capabilities hence better safety and health outcomes.[4]

Musculoskeletal disorders have a greater impact on employee productivity and well-
being than any other health risk factor such as BMI or smoking. Meanwhile, other studies
indicate that low back disorders are twice as prevalent among workers than any other body part.
The prevalence of neck, shoulder, or knee disorders is almost equal in proportions. Thus,
symptom monitoring and preventive measures should have lower back disorders on their priority
list among employees. The fact that musculoskeletal problems greatly affect the ability to work
by a worker; it leads to increased absenteeism, and reduced productivity (Conrad 2010).[5]

The length, height, and curve of wind turbine blades often lead to awkward working
positions during construction thus raising the risk of musculoskeletal injuries. The Norwegian
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Petroleum Safety Authority report emphasized the need for ergonomics in designing wind
turbines from the very beginning possibly by international standards or guidelines. Heavy lifting,
repetitive motions, uncomfortable positions, heights at workplaces, and slippery surfaces bring
about physiological challenges to workers. It is these issues coupled with mental stress resulting
from poor living conditions which increase risks of musculoskeletal disorder as well as
operational errors (Sowers et al., 2009). Therefore considering ergonomics concerning physical
demands associated with wind turbine blade installation along with environmental stimulation
stresses is necessary in maintaining worker health [6].

A study carried out by the Norwegian Petroleum Safety Authority (PSA) has indicated
that ergonomics should be incorporated into the design of wind turbines’ construction phases via
international standards or guidelines. The impact of heavy lifting, awkward postures, repetitive
movements, working at heights, and slippery surfaces causes physiological discomfort to
workers. These issues combine with psychological stress caused by poor living and working
conditions leading to increased risk of musculoskeletal complaints and operational errors.
Consequently, it is important to carry out comprehensive ergonomic evaluations and implement
safety programs to manage these risks. Training programs that include advanced training for
workers as well as supervisors on safe work practices and the use of ergonomic tools must be
developed. Finally, creating a culture of safety in an organization can help improve morale
among workers thereby enhancing productivity and ultimately leading to cost-savings in wind
energy construction projects [7].

Workplaces with low levels of safety, poor health environments, and hazardous premises
are often marred with ergonomic deficiencies within different manufacturing industries resulting
in low productivity rates and quality of products. Smaller manufacturing industries grapple with
several compounded challenges owing to their unique characteristics which exacerbate these
pitfalls further. On this note, while large manufacturing industries have increasingly adopted
ergonomic practices, small industries lag significantly in this regard hence the focus on small
businesses. Thus the objective was to evaluate the ergonomics situation in the SMIs [small
manufacturing industries]. For small enterprises limited resources usually make it difficult if not
impossible for management to effectively implement broad-based ergonomic solutions thus
necessitating specific interventions [8].

There is ample evidence that shows when effective ergonomic measures are taken; they
result in remarkable improvements in workplace design such as machinery, job structure along
with environmental and facility designs. However, it does not just reduce costs- it eliminates
them turning potential losses into profits! In other words, ergonomics is not only a good
investment but also “the golden key” that can unlock unprecedented success and prosperity
within the manufacturing sector [9]. Investment in ergonomic improvements can be a good
investment, as it increases worker efficiency, reduces the number of injuries, and positively
affects job satisfaction [10].

This becomes even more significant given the changing composition of the global
workforce. This translates into diversity in terms of workforce mobility, prevalence of casual and
part-time workforces as well as the adoption of contractor models. The problem is further
compounded by variability among different organizations’ working practices including hazard
awareness, general health and safety management skills together with cultural and educational
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backgrounds. It is for this reason that a diverse workforce calls for flexible and inclusive policies
on ergonomics so that it can respond to different needs and conditions within a contemporary
manufacturing setting.[11]

1.1. Motivation

Firstly, wind turbine blade production facilities, in particular, have been our main drivers due to
our unwavering dedication to the protection of workers’ safety and well-being. As a consequence
of this commitment we have become highly worried and thus we have taken a closer look at
ergonomic aspects as well as hazardous noises in the same field.

Our understanding of various complexities surrounding workplace safety like risk assessment,
regulatory compliance, ergonomics issues, and employees’ psychological well-being at wind
turbine blade manufacturing factories improved throughout the first semester. Nonetheless, we
realize that achieving the highest level of workplace safety is a never-ending thing that involves
continuous learning, improvement, and cooperation.

This commitment is based on both academic and worker-based solidarity felt globally
among those who are concerned with ensuring employees’ safety through the promotion of
ergonomic guidelines as well as noise control approaches in wind turbine blade production
plants. Equipped with practical experience acquired by means of misplaced ambition, we stand
ready for a journey that aims at making huge strides toward the establishment of safer healthier,
and more satisfying working conditions for any player concerned within this industry

1.2. Problem Definition

There are various ergonomic challenges and noise hazards in wind turbine blade manufacturing
plants that may affect workers’ health, safety, and productivity adversely. The issue has to do
with designing effective ergonomic as well as noise handling strategies specifically meant for the
distinct work environment of a wind turbine blade manufacturing plant. These strategies also
need to be designed in such a way that they help mitigate the ergonomic risks that arise from
repetitive work, abnormal postures, and heavy lifting involved at the production stage and reduce
the levels of noise produced by machinery within the facility.

This problem definition entails carrying out an extensive analysis of the current
ergonomics status as well as noise levels in the plant before adopting relevant measures to
address these issues and create a sustainable and friendly atmosphere for workers.

1.3. Problem Formulation

Looking at different research papers on ergonomic issues, we have noticed that most of them
seem to majorly concentrate on Musculoskeletal Disorders (MSDs). However, as per our
observations, there are still other ergonomic issues that need to be addressed apart from MSDs
alone.



Our main include ergonomic and noise management strategies refer to how employees can have
safe working conditions while working in Wind Turbine Blade Manufacturing Plants (WTBMP).
We have reached two research questions that will help to reach our goal (objective)

1. What are the various ergonomic risks associated with workers' health and safety within the
manufacturing plant, and how can they be effectively evaluated?

2. How can we help workers cope with noise hazards in wind turbine blade manufacturing
plants?



2. Methodology

Four ways of analyzing ergonomic challenges associated with workers’ health in wind turbine
blade factories are given in our report.

The first method, Risk Matrix involves evaluating possible hazards in terms of severity
and likelihood so that they can be properly prioritized. The second approach is Failure Mode and
Effects Analysis (FMEA), which systematically identifies where breakdowns may occur and
their implications on the safety and health of workers. Fault Tree Analysis (FTA), the third, uses
a deductive chart to show pathways leading to ergonomic failures and their causes. Lastly,
Stakeholder Analysis assesses the interests and influences of different stakeholders thereby
ensuring that all viewpoints are considered when developing comprehensive ergonomic solutions
for use. These methods serve as a sound basis for identifying, ranking, and mitigating ergonomic
risks within the manufacturing environment.

Some of the ergonomic risks that occur in factories include musculoskeletal disorders,
posture-related problems, repetitive motions or tasks, and standing for long periods.
A risk matrix, on the other hand, is a tool that evaluates these risks as likelihoods multiplied by
severities. This diagrammatic approach assists us in knowing about the criticality of the risks that
need immediate attention.The use of Failure Modes and Effects Analysis further modifies this
evaluation. It investigates the severity, occurrence, and detection rates of every failure mode
hence resulting in a Risk Priority Number (RPN) for each risk. This systematic process allows
the classification of major hazards first hence achieving focused mitigation strategies. When
combined with the risk matrix, FMEA will ensure an adequate assessment is done so that
effective ergonomic interventions can be enforced toward improving safety programs for
workers.

Fault Tree Analysis (FTA) can help facilitate addressing noise hazards among employees
at wind turbine manufacturing facilities. FTA is a systematic deductive method for analyzing
system failures; it aims at determining root causes and their interdependencies.

In this case, FTA helps because it takes apart the noise hazard into its building blocks in order to
understand how noise levels become excessive through different pathways. It identifies primary
and secondary causes of noise. As such FTA gives a clear visual picture of how sound hazards
progress within factory surroundings thereby helping reduce them through engineering controls,
administrative measures as well as personal protective equipment thus promoting employee
safety against occupational hearing loss.

Ergonomic issues in manufacturing plants are best addressed using stakeholder analysis since it
ensures a comprehensive review of all factors involved before implementing any intervention
program addressing employee health issues related to noise or other areas like ergonomics
aspects. By doing so we get diverse views from stakeholders like workers, management, safety
officers, and owners. This method can help identify who the main stakeholders are in the process
of implementing ergonomic and noise prevention intervention programs. Employees can
describe two or three hazards that they have witnessed while safety officers and ergonomists may
give suggestions about risk matrices and FMEAs.



3. Result

Risk assessment is vital for recognizing and ranking potential hazards related to worker health
and safety in manufacturing. The most commonly used definition for hazards concerning
occupational safety and health states that a hazard is any potential source capable of causing
harm or adverse health effects to individuals. [13]

In manufacturing environments, especially in specialized sectors like wind turbine blade
manufacturing plants, conducting risk assessments is pivotal. To investigate ergonomic
conditions within the manufacturing industry, a structured approach is employed. This involves
developing a detailed list of categories, tasks, and their potential effects on workers, presented in
a tabular format. By systematically documenting all conceivable ergonomic hazards, this method
ensures a comprehensive understanding of the risks faced by workers in such environments.

3.1 List of Ergonomic Hazards

Under the modification of Ning Ja et.al, and Tao Li et.al, we have created our list according to
our topic about Ergonomic Hazards to analyze our result.

Category Task Effect
Awkward Molding, Musculoskeletal disorder (MSD),
Postures shaping, or Repetitive strain injuries (RSIS)
finishing
blades.
. Repetitive Sanding, Repetitive motions of the hands,
Ergonom ICS | Motions painting. arms, or upper body.
Cumulative trauma disorders such as
Hazard carpal tunnel syndrome.
Vibration Sanders Hand-arm vibration syndrome
Exposure cutting (HAVS).
equipment numbness,
tingling,
_ Assembly, Fatigue,
Static Work inspection, discomfort,
Positions and finishing | and muscle tension.
tasks.




Source: [14]

Ergonomic hazards refer to a variety of workplace positions and duties that are capable of
causing physical harm to the employees more specifically as regards their musculoskeletal health
and comfort. This may involve activities such as molding, shaping, or finishing the blades where
an employee has to twist his/her body in ways that are not natural leading to some discomfort
over time which may result in injuries.

Another significant ergonomic hazard is repetitive motions. The hands, arms, or upper
parts of workers performing jobs such as sanding or painting can be seen in repetitive patterns.
These muscle and tendon-damaging actions tend to cause conditions like RSIs (Repetitive Strain
Injuries) and cumulative trauma disorders including carpal tunnel syndrome.

Vibrations also pose a great risk for ergonomics, especially among those using equipment
like sanders and cutting tools. Continuous vibrations from them could lead to Hand-Arm
Vibration Syndrome (HAVS) whose symptoms include numbness, tingling, and pain in hands
and arms.

Static work postures are another source of ergonomic hazards evident in tasks such as
assembly, inspection, or finishing work. Muscles become tired; comfort decreases with time;
tension becomes greater hence increasing risks for musculoskeletal disorders due to static
posture maintained over long periods.

3.2. Risk Matrix

The Risk Matrix in our report is an inclusive approach created by identifying publications after
conducting a thorough review of the literature and holding brainstorming activities. It helps
develop a systematic approach to identify, assess, and control the different types of risks at work.

We have read the state of existing literature on risk matrix development and accumulated
all risk assessment methodologies. Based on that knowledge, combined with multiple
brainstorming sessions between our team members created this Risk Matrix. By that time, we
can obtain exactly what we need from the brainstorming stage to modification, fitting unique risk
scenarios, and relevance.



Rating category

Description

Remote (1)

Once A Yead

Unlikely (2)

Within 6 Month

Likely (3)

Momhlyr

Very Likely (4)

Once A Week

Likelihood Rating (P)

Rating category

Description

Minor (1)

No loss of working hours and
requiring first aid

Moderate (2)

There's no need to miss work, just a
quick trip to see the doctor and no
long-term effects. Only basic first aid
is needed.

Serious (3)

A small injury that needs treatment
in the hospital.

Severe (4)

A serious injury that needs treatment
and therapy for a long time, along
with an illness related to the job.

Severity Ratings (.9)




Severity

Risk Matrix
Minor (1) Moderate (2) Serious (3) Severe (4)
Very llkely Long Lasting Posture and
(4) Balance (8)

Lower Back Pain (3)

Tmproper Positioning (9)

Likelihood | Likely (3)

Unllke[y (2) Muscle Tension (2) Hand-Am Vibration Syndrome (8)

Remote ( [) Discomfort (1) Tingling (2)

Risk Matrix
Source: [12][15] & [16]

Immediate attention and mitigation measures

Intermediate Risk (8.9) I:i?l(tlre;';;edcoucem and should be monitored and

It is within acceptable limits and generally doesnot
require immediate action
Considered safe and pose minimal to no threat

Insignificant Risk (1,2.3)

Risk Matrix Color Chart

A Risk Matrix is a popular tool used by many organizations to assess and prioritize risks based
on their likelihood and severity. The risks are grouped into four levels: Significant Risks (12, 16)
are such high probability/severity situations that require immediate attention and mitigation;
Intermediate Risks (8, 9) are moderate risks likely to be serious so they should be
monitored/controlled; Acceptable Risks (4, 6) refer to low-level risks where no immediate
response may be needed because they either have low probability of occurrence or impact;
Insignificant Risks (1, 2, 3), which include remote risks with minimal threat such as those that
might happen once a year or minor injuries resulting in less than one day off work require first
aid alone.

The Risk Matrix also groups risks according to their severity or likelihood in a
comprehensive way for risk assessment purposes. The seriousness levels include: Minor
encompasses injuries that only need first aid treatment without any lost working hours. These
injuries are ordinarily slight and do not greatly affect workflow. Moderate At this level some
medium injuries need visiting doctors but have no long-term effects on productivity. They are
more significant than minor injuries but leave normal activities largely uninterrupted. Serious
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This category comprises severe things like cases requiring hospitalization for treatment. They
can cause great harm both at the individual level and organizational level as well hence an
employee could take time away from work to recover. Severe These are the types of injuries that
require long-term care and therapy such as occupational illness. They have severe effects on the
health of an individual causing them to be absent for a long time at work, thereby reducing
productivity while needing intensive medical assistance.

Like severity, the Risk Matrix also indicates how often a risk may occur by classifying it
as follows: Remote events at this level happen just about once in a year. These are the least likely
events that don’t happen regularly. Unlikely risks may happen within six months. Though not
common, they have higher probabilities than remote risks thus necessitating some attention and
preparedness. Likely risks occur every month. These happen every so often meaning that
organizations should put mechanisms in place to manage their impacts. Very Likely (very likely
risks) weekly. These keep happening hence there is a need for constant monitoring and
mitigation strategies.

Risk Matrix considers both the likelihoods and severities of hazards thus helping
organizations identify, assess, and prioritize threats systematically. The organization can apply
this approach when implementing risk mitigation measures so that overall risk exposure remains
minimal.

3.3. Failure Modes and Effects Analysis (FMEA)

The Risk Matrix is a pivotal tool in the Failure Modes and Effects Analysis(FMEA) process,
offering a structured approach to evaluate and prioritize risks based on severity and likelihood. In
FMEA, understanding failure modes, their potential impacts, and associated risks is essential for
crafting robust mitigation strategies. By integrating the Risk Matrix, we systematically assess
each failure mode's severity and likelihood, enabling us to address the most critical risks first.
This visual aid categorizes risks by severity and likelihood levels, closely aligning with FMEA
steps, facilitating the identification of high-impact failure modes, and guiding resource allocation
towards mitigating the most significant risks. This cohesive integration ensures a comprehensive
and prioritized FMEA analysis, leading to more effective risk mitigation measures.
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Failure Modes and Effects Analysis

(FMEA)
& g £
issue Hazard Effect i Causes é Current Controls g é Action Taken
& 8 i
Ensure 90 degree angle
Positioning MSD(Musculoskelet | Extreme Pain, Backbone o Not maintaining 90 8 Nore 3 e when workers are

alDisorder) disk will deteriorate degree angle with work performing their task by a
dedicated supervisior
Exercie program assistive

Physiological overload Spread of metarial

Movement Repetitive task “ilth ﬂ.le risk of muscle 7 | mixture during molding |6 Coffee break 5 210 . dewr.:efj °b
fatigue in upper and lower ocess rotation, training regular
limbs (HAVS) process. break
. Physiological overload A share web is placed . 7
Statics Logg LaSh.ng with the risk of muscle | 6 | between two shellsand |5 Coffee break 5 150 Job rofation after o
Standing Position . . . . hours
fatigue in lower limbs glue is applied
Resin is infused into the There is a good positioning e :th gj:f ‘.l‘}frll{umber
e . . Neck stiffness, Shoulder of the load on the side .pp :
Positioning Resin infusion . ) 7 dry fiber to forma (3 . . 7 147 rotation awareness
fatigue, backbone pain . ) protections of the filling .
composite laminate . programs.ergonomic
device )
consultation
Continous  |Absence of necessary| Mascular Spasm, strain 4 | Blage Finishing Process |3 Lunch bregk 3 a Short break, Provide PLC

working breaks and fatipue based machine.

Failure Modes and Effects Analysis
Source:[17]

One significant issue identified in the Failure Modes and Effects Analysis (FMEA) is improper
positioning, which leads to the risk of musculoskeletal disorders (MSDs). The primary hazard
associated with this issue is the severe effect of extreme pain and potential deterioration of the
backbone disk. This problem is particularly severe, with a severity rating of 9. The root cause of
this hazard is not maintaining a human backbone 90-degree angle with the work surface, which
occurs frequently, with an occurrence rating of 8. Currently, there are no controls in place to
mitigate this risk, which results in a detection rating of 3. Consequently, the Risk Priority
Number (RPN) for this issue calculated is 216, indicating a high-priority risk that necessitates
immediate action. To address this, a dedicated supervisor will be assigned to ensure that workers
maintain the correct 90-degree angle while performing their tasks, thereby reducing the
likelihood of developing MSDs and improving overall workplace safety.

Another critical issue highlighted in the Failure Modes and Effects Analysis (FMEA) is
the repetitive nature of certain tasks, which leads to physiological overload and the risk of
muscle fatigue in the upper and lower limbs, potentially resulting in Hand-Arm Vibration
Syndrome (HAVYS). This hazard has a severity rating of 7. The primary cause is the spread of
material mixture during the molding process, which has an occurrence rating of 6. While coffee
breaks are currently in place as a control measure, their effectiveness in detection is rated at 5,
leading to a Risk Priority Number (RPN) of 210. To mitigate this risk, a comprehensive action
plan will be implemented, including exercise programs, the use of assistive devices, job rotation,
additional training, and ensuring regular breaks. These measures aim to reduce the frequency and
severity of muscle fatigue and improve overall worker health and productivity.

A significant concern identified in the Failure Modes and Effects Analysis (FMEA) is the
prolonged standing position, which poses the risk of physiological overload and muscle fatigue
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in the lower limbs. This hazard is rated with a severity of 6. The primary cause is attributed to
the placement of a shared web between two shells during the application of glue, with an
occurrence rating of 5. Although coffee breaks are currently implemented as a control measure,
their detection effectiveness is rated at 5, resulting in a Risk Priority Number (RPN) of 150. To
address this risk, a proactive approach will be taken, including the implementation of job rotation
every two hours. This strategy aims to alleviate the strain on lower limbs by alternating tasks and
providing opportunities for rest, ultimately enhancing worker comfort and reducing the
likelihood of muscle fatigue-related injuries.

The Failure Modes and Effects Analysis (FMEA) identified one major problem, that of
prolonged standing position leading to physiological overload and fatigue in the muscles of the
lower limbs. This has been rated as a severity of 6 for hazard. The main cause is placing a single
web between two shells during glue application with an occurrence rating of 5. Even though
coffee breaks are already being used as mitigations, their detection effectiveness is 5 resulting in
an RPN of 150. In order to control this risk, a proactive approach will be used that includes job
rotation every two hours. This strategy’s objective is alternating tasks in order to reduce the
burden on lower limbs and provide rest opportunities thereby improving workers' comfort and
reducing risks associated with muscle fatigue injuries.

Stiffness of the neck and shoulders in the resin infusion process is a concern as per the
risk assessment tool due to potential health problems such as; backbone pain, neck stiffness, and
shoulder fatigue. These effects have seriousness levels of seven. Stiffness of the neck and
shoulders in the resin infusion process is a concern as per the risk assessment tool due to
potential health problems such as; backbone pain, neck stiffness, and shoulder fatigue. These
effects have seriousness levels of seven indicating significant risks that affect employee health
and well-being.

This hazard arises from dry fiber infused with resin-forming composite laminate, which
occurs at an occurrence rating of 3. The load is currently properly positioned on the side guards
from entering the filling device having a detection ranking of seven and an R.P.N value
amounting to one hundred forty-seven since it has been under control. Currently, there are
measures present such as proper positioning of loads on side guards around filing devices
prompting a detectability rate at 7 and an RPN of 147. To manage this risk, proactive measures
will be implemented that include the provision of suitable lumbar support chairs for ergonomic
posture and work rotation to reduce prolonged exposure to repetitive tasks, conducting
awareness programs on proper positioning techniques for workers, and consulting ergonomics on
workplace optimization. These interventions aim to minimize the prevalence and severity of
musculoskeletal discomfort among workers, thereby improving safety and productivity within
the work environment.

In addition, continuous working without adequate respite puts workers at risk of muscle
cramps, straining, and fatigue. It is a hazard that has a severity rating of 4 highlighting the
significance of dealing with the stress on the body caused by long periods of activity. The main
cause for this concern is due to the blade finishing process which has an occurrence rated 3.
Lunch breaks are currently used as a control measure; it has detection effectiveness ranking at 9
and RPN 108. In order to mitigate this situation proactively, steps will be taken such as
incorporating short breaks in different parts of the day so that laborers can take some rest, also
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using PLC-based machines for automating job tasks and facilitating work simplification. These
measures are aimed at reducing muscle stress and tiredness so as to create a healthier working
environment for all staff involved in the blade-finishing process that is more sustainable over
time.

3.4. Fault Tree Analysis (FTA)

The sound waves hit the ears and convert them into electrical signals. Then these signals are
transmitted to the brain where they get decoded and we hear them. The definition of noise: Noise
is said to be the unwanted sound. [18] The phrase unwanted sound implies that all noise is little
more than an annoyance, disregarding the proven detrimental effects of noise on people and
animals. [19]Decibel (dB) is the unit of sound levels.

The WHS Regulations prescribe an exposure standard of 85 dB and a peak of 140 dB. This is a
two-part standard; Continued exposure to noise will cause a person to lose their hearing. Loud
enough to cause immediate hearing damage! There are some ways to decrease the chance of
developing noise-related health issues.

Noise levels should be kept below 50 dB(A) when performing tasks that require deep focus or
normal conversation.

A maximum noise level of 70 dB(A) should be maintained in areas where people do routine
work or hold formal conversations. [20]

| Occupational Hearing Loss |

Ear Amnoyance

General
Health
lssue

Headache

Sleep
Pattern
Disturbance

Vertigo

Large
Manufacturing
Machinery

Deburring

Blades

Fault Tree Analysis
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Source: [21]

In industrial settings, occupational hearing loss is a widespread concern with a very
reactive and lengthy path comprising various intermediate and basic events. Two major
points are responsible for this pathway: ear damage and irritation. Ear damage is further
broken down into two fundamental things: Tinnitus and Vertigo, both of which have
unique implications for auditory health. The perception of ringing or buzzing sounds in
the ears often caused by long-term exposure to high noise levels is referred to as tinnitus.
On the contrary, vertigo is the feeling of dizziness or loss of balance that may be as a
result of inner ear dysfunction resulting from excessive noise at work.

The next level after ear impairment comes annoyance, which has as an
intermediate event sleep pattern disturbance and general health issues. Sleep pattern
disturbance involves disruptions in the sleep-wake cycle due to prolonged exposure to
sound causing fatigue and reduced cognitive function amongst affected individuals.
Concurrently, general health issues span a wide range of physiological and psychological
disorders including stress, anxiety, cardiovascular problems, etc resulting from chronic
noise exposures in occupational contexts.

Another intermediate event along the pathway of ear impairment is a headache
that results in deburring blades and large manufacturing machinery as basic events.
Extended noisy encounters bring about headaches which could cause considerable
decrement in employee productivity and welfare. Additionally, these headaches can
aggravate accident risks especially when working with deburring blades or operating
heavy machinery within a manufacturing context.

3.5. Stakeholder Analysis

Power

High Keep Satisfied: Manage Closely:
Danish Working Factory Owner
Environment Authority Employee associations
(DWEA)
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Keep Informed:

Equipment suppliers
L o Trade Union
International Labor

Low Organization

Low Interest High

Source: [22][23]

3.5.1 Keep Satisfied

The Danish Working Environment Authority (DWEA) has high power to monitor the workplace
safety and well-being of the workers of the blade manufacturing plant, but their interest is low
because they can monitor this in case of any kind of factory for instance, Pharmaceutical
company, Food, and beverage company, etc.

3.5.2 Manage Closely

The factory owner has high administrative control over the company and high interest because
he/she may get high profit or his/her project may become abandoned due to huge loss or damage
due to a serious fire incident. At the same time, he/she is the sole person responsible for ensuring
a decent workplace in this type of blade manufacturing plant.

Employee associations have high power and high interest as they work every day and they are
highly conscious about their payoff and workplace safety.

3.5.3 Monitor with Minimum Effort

Equipment suppliers have low power and low interest as they can supply equipment in any kind
of factory, but the equipment that is installed in the factory must be ergonomically fit and
soundproof as much as possible which has to be ensured strictly by the supplier.

3.5.4 Keep Informed

The International Labour Organization (ILO) has high interest but low power as their operation
is running in different countries collaborating with different governmental bodies, for instance,
the Ministry of Employment in Denmark.

The Trade Union has high interest with low power because their leaders are selected from

different departments of the workplace and their positions are on the lower level, but they
sometimes may call a strike due to unsafe working conditions in the factory.
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4. Discussion
4.1. Risk Mitigation Methods for Ergonomic Hazards

The previously mentioned FMEA results indicate for the RPN of 216 there are musculoskeletal
disorders (MSDs) as their highest risk priority number. However, how can it be effectively
mitigated? The action taken column outlines this strategy in order to address this question. The
findings presented here are the outcome of applying these studies to the results. This has shown
that Musculoskeletal Disorder impacts normal work activities in manufacturing plants of the
wind energy industry- both in terms of likelihood and severity. Work overloads and relatively
low autonomy can increase MSD risks.

A study revealed that high levels of physical activity combined with awkward postures
could contribute to the development of musculoskeletal disorders.Our project report also
evaluated ergonomic issues such as MSDs which result from sitting postures among others. In
terms of workforce productivity and well-being, musculoskeletal symptoms have a greater
economic impact.

Ergonomics proceeds by developing risk treatment strategies for the identified ergonomic
hazards based on information gathered [24].Several strategies can be employed to mitigate
musculoskeletal disorders (MSDs) due to poor positioning. First, ergonomic materials and
furniture should be used: these include adjustable chairs and workstations, which enable correct
posture and reduce strain. Anti-fatigue mats can also help minimize back and leg strain among
people who stand for long periods at work. Dedicated supervisors should regularly monitor
workers’ posture throughout the day. Encourage early reporting of symptoms or incidents related
to MSDs so that they are resolved quickly.

Moreover, supportive braces or belts while lifting heavy loads can go a long way in
reducing musculoskeletal strains; comfortable footwear further helps minimize this condition’s
effects on your body. These measures are aimed at reducing extreme pain cases resulting from
disc deterioration and hence improving worker health, efficiency, and job satisfaction. Training
Programs Continuous training programs should be provided regarding ergonomics practices
including proper use of equipment that will help prevent MSDs [25].Siemens Gmensa’s leadSafe
program has followed the standards set by the Global Wind Organisation (GWO). Training
providers, personal protective equipment suppliers, and independent service providers are its
target audience [26].

The hierarchy of ergonomic risk strategy at work is discussed in this context, with
options ranging from avoidance to personal protective equipment. We also described how
effective each method is and its role in reducing risk factors which we demonstrated on our Risk
Matrix sheet. By understanding these strategies, we aim to enhance worker well-being and
productivity.
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Hierarchy of Ergonomics Risk Treatment

Method

Strategy

Effectiveness

Elimination

- Encourage regular breaks for employees to move
and stretch their body to avoid static posture fatigue.

- Conduct regular health monitoring to identify and
address any early signs of Hand-Arm Vibration
Syndrome (HAVS).

Implement ergonomic training programs for
employees to educate them on proper posture and
movements.

High

Substitution

Introduce ergonomic seating options to promote
better posture and comfort during work.

Moderate

Engineering
Control

- Provide adjustable workstations to allow employees
to customize their working positions.

- Introduce ergonomic tools (PLC) and equipment
that reduce strain on muscles and tendons.

Moderate

Administrative
control

Rotate tasks among employees to
minimize continuous repetitive movements.

Regularly monitor the effectiveness of the
implemented strategies through feedback and
health assessments.

Review and update the health and safety
strategy based on feedback and new findings.

Low
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Personal Protective | Provide employees with anti-vibration gloves to Low
Equipment reduce the impact of continuous vibrations.

Source: [27] [28]

4.2. Risk Mitigation Methods for Noise Hazards

The main causes of hearing problems are noise sources, such as occupational noise from
industries like construction, production, and mining where heavy machinery and equipment emit
high decibels. Also playing music loudly for a long time either at concerts and nightclubs or
through personal listening devices creates significant danger. Noise from traffic, airplanes, and
other urban activities is another cause of hearing damage. The consequences of these include
transient or permanent loss of hearing sense, ringing in the ears known as tinnitus as well as
increased anxiety levels that may affect general body health status.

Sustained exposure to sound levels above 85 decibels (dB) is especially dangerous
because it entails cumulative damage to the tiny structures in the ear. It is also necessary to take
appropriate precautions to minimize risks associated with this issue, including wearing ear muffs
when engaged in noisy activities, reducing exposure duration, and following occupational safety
rules.

Alternatively, constant exposure to sound exceeding 85 decibels (dB) is quite risky since
it results in incremental harm made to the small parts inside the ears. Creating a safety net
includes using earmuffs for noisy activities; reducing time while getting exposed and abiding by
work safety regulations put in place

Further, noise levels that are not hazardous to hearing can still be detrimental to health by
persistently interfering with concentration and communication [29]

4.2.1. Use of Sound Absorbent Materials

To reduce noise levels; sound-absorbing wall and floor materials made of porous materials like
acoustic foam, fiberglass, and mineral wool are installed. This includes covering noisy machines
or equipment in enclosures to contain and reduce sound emissions.

There will be a reduction of noise pollution in the environment due to the installation of
sound-absorbing wall and floor materials made of porous materials such as acoustic foam,
fiberglass, and mineral wool. Furthermore, it is advisable to enclose noisy machines or
equipment in order to contain sound emissions. By doing so, not only can workers hear well, but
they are also more likely to enjoy working here because of the stress-free environment and
improved communication. In total, these methods ensure that there is safety at the workplace
hence increasing efficiency.

18



4.2.2. lIsolation of Workers from Noise Sources

Workplaces are designed such that employees are separated from noisy machinery or equipment
through physical barriers or distance. Working areas use soundproofing techniques that minimize
exposure to high noise levels.

Designing work areas that separate workers from noisy facilities or mechanisms by way
of physical partitions or distances to limit their exposure to hazardous noise levels. In addition,
workplace soundproofing minimizes the effects of high noise levels on employees’ well-being by
safeguarding them against hearing impairments and stress-related disorders. Also, this promotes
a more concentrated and efficient working atmosphere since reduced noise facilitates better
speech and output concentration. Ultimately, these design strategies lead to improved safety,
efficiency, and job satisfaction for employees.

4.2.3. Personal Protective Equipment (PPE)

Workers wear comfortable and effective devices for hearing protection such as earplugs or
earmuffs in order to prevent themselves from being exposed to excessive noise levels.

By wearing these devices, workers are made more comfortable and are guaranteed to experience
much less noise. Long-term hearing health is assured because of the above facilities that aid in
stopping auditory damage as well as loss. Moreover, their ease of use ensures that they are used
persistently which is a major boost to their efficiency. For this reason, we improve the welfare of
employees by protecting their hearing thereby minimizing stress levels while at the same time
increasing productivity. As a result, we make workplaces safer and healthier places with lower
risks of noise-related diseases as well as prospects for compensation claims.

4.2.4. Administrative control

Administrative measures aim at reducing an individual’s exposure by limiting their time spent in
noisy places. These include scheduling noisy tasks during less busy hours when fewer employees
are present, notifying workers in advance about activities that will produce loud noise so they
can try minimizing their exposure, and keeping personnel out of any noisy areas [30].

These measures aim at mitigating occupational hearing loss thus reducing chances for ear
damage together with other auditory concerns like tinnitus and vertigo. Similarly, addressing
annoyance caused by noises through actions like using sound-absorbing materials and arranging
tools can help ease sleep problems among other general health issues faced by employees at the
workplace. Additionally, controlling the worker’s general well-being as far as industrial safety is
concerned would mean avoiding headaches caused by increased noise hence practicing
prevention towards efficiency.[31]

4.3. Stakeholder Involvement in Administrative Control
Before implementing administrative controls, it is necessary to involve stakeholders with the

highest power and who are highly interested in laborers’ welfare and the factory’s effectiveness.
This will help guarantee the success of this program. A look at our stakeholder analysis suggests
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that the following people or groups can be influential in this effort. The plant owner has the
power to change administration and enforce policies. He can set aside funds for implementing
measures like ergonomic standards as well as noise control.

Employee associations have a deep interest in safety at workplaces and they have an
important influence on employees. They can instead campaign for ergonomics, and noise
reduction so that the workers can follow these new rules. They teach staff about the importance
of noise lessening by creating employee agreements, monitoring how effectively management
systems are implemented, and giving feedback. The trade union has less power but it stands up
for workers’ rights and may pressure top managers into adopting or supporting the maintenance
of good sound levels. They serve on safety committees where they contribute to administrative
controls.

Safety initiatives should focus on coordinating efforts, sharing information, and assessing
results from time to time with regard to ergonomic considerations and noise pollution at the
factory level. To foster safe working conditions prioritization is therefore given to teamwork
among all participants while maintaining regular consultation meetings between employers
[factory owners/associations and their employees/union representatives. The report enables
collaborative discussions about emerging issues whilst providing critical insights into the
implementation process. It is also vital that all other staff members understand their roles in these
strategies through adequate communication channels that must be established; informing them of
relevant policies becomes a continuous process enabling them to adjust promptly if the need
arises. Additionally, there should be a mechanism for monitoring the efficiency of such plans
over time thus even soliciting opinions from employees on what worked well and what did not
during various projects would facilitate making those timely replacements when required.
Finally, a culture that embeds all these elements within its context paves the way for a healthy
work atmosphere that gives priority to the well-being of employees, their productivity, and
overall success.
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5. Conclusion

The specialized area of wind turbine blade manufacturing poses a great challenge to the health
and safety of workers within factories. This arises from their being at risk of experiencing
repetitive motion, vibration exposure, awkward postures, and static work positions. Among them
are musculoskeletal disorders (MSDs), repetitive strain injuries (RSIs), hand-arm vibration
syndrome (HAVS), and general fatigue which can result in severe medical conditions that greatly
affect worker wellness, productivity as well as overall job safety.

In order to effectively evaluate these ergonomic risks at workstations, it is necessary to
follow a systematic and structured approach. One of the methods used is creating an exhaustive
list of categories, tasks, and their impact on employees in tabular form. This stepwise
documentation ensures that the scope of ergonomic hazards facing workers is fully understood
while also pinpointing specific high-risk activities/environments needing intervention measures.

Moreover, the Risk Matrix during Failure Modes and Effects Analysis (FMEA) process
enhances evaluation further. Risk Matrix helps in sorting out risks according to severity and
probability of occurrence. The procedure allows for the identification of critical failure modes
thus giving priority to resource allocation for mitigation purposes starting with the most
significant risks first among others. By combining the Risk Matrix with the FMEA process,
manufacturers can judge how serious each type of malfunctioning could be in terms of ensuing
consequences before focusing on rectifying the major issues linked to ergonomics.

After identifying and ranking them accordingly, effective mitigation strategies must be
implemented. Such strategies include training workers on ergonomic principles; designing
adequate workstations; exchanging repetitive jobs and frequently reviewing occupational health
for early detection and management against MSDs or other types of ergonomics-related ailments.
These programs teach employees about maintaining proper posture when using tools properly
while workstation design incorporating adjustable chairs as well as work surfaces promotes
correct sitting position thereby reducing stress associated with wrong posturing especially on
seating arrangements Hence task rotation prevents overuse syndromes like carpal tunnel
syndrome through changing activities for various muscle groups to minimize occupational risks
while health monitoring must be done regularly to enhance early detection and intervention.

Actually, manufacturing plants can develop safer and more ergonomic work
environments using these comprehensive evaluation and mitigation strategies. This not only
improves the well-being of workers but also enhances overall productivity at work thereby
increasing job satisfaction which leads to long-term success and continuity in this industry.

Wind turbine blade manufacturing plants face a range of noise hazards that expose
workers to serious health problems such as hearing loss, tinnitus, dizziness, or other general
disturbances of health. It has been argued that the management of these hazards is not a one-size-
fits-all approach; rather it encompasses several factors. First, noise sources must be identified
and their risk assessed. Sound-absorbing materials or noise barriers when used in engineering
controls can help reduce noise levels at their source. A quieter working environment on the other
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hand may be achieved through isolation techniques where loud machinery is separated from
those operating it.

Immediate personal protection against excessive noise may involve gadgets like earplugs
or earmuffs. Administrative controls have also proved useful in managing exposure by limiting
time spent by an employee in noisy areas as well as scheduling noisy tasks during hours with
fewer people around. Similarly, it is necessary to create awareness about risks associated with
being exposed to excessive sound so that employees are trained properly on how they should
handle it since PPEs cannot provide complete protection against high decibels

Thus, considering ergonomic risks alongside those due to excessive noise can go a long

way towards safer work environments as shown in this case where specialized sectors like wind
turbine blade manufacturing plants are involved.
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6. Future research
6.1 In case of Ergonomics

The integration of wearable sensors is a remarkable progress towards the monitoring and
promotion of worker safety in manufacturing. Companies can identify potential ergonomic risks,
and mitigate them immediately by using these sensors to monitor workers’ actions, postures as
well as physical strains real-time. The technology gives immediate feedback to both parties
involved, enabling corrective action plans that address any observed issues promptly.

Furthermore, industrial settings are increasingly deploying collaborative robots, known as
cobots. Repetitive motion activities such as lifting heavy loads also become easier with human
laborers working close to cobots. Conveyors, ladders, chutes, and other automated systems for
material handling purposes have been introduced into the company’s work processes through the
use of such devices hence reducing human effort and improving overall productivity.

6.2 In case of Noise management

Incorporating Active Noise Control (ANC) systems in modern manufacturing processes presents
an innovative approach to noise management. Machine learning algorithms evaluate patterns
from data collected on noise within the production site thereby giving useful suggestions on how
it could be reduced. In this way, ANC systems ensure that equipment works optimally and at
acceptable levels of sound — effective proactive maintenance techniques for curbing noise
pollution.

Additionally, intelligent hearing protection devices are a milestone in terms of improved
health standards and comfort for factory attendants. They allow easy adjustment according to
prevailing noise conditions so that while communication remains possible users still get
necessary protection against excessive noise. Moreover, smart acoustic panels composed of
highly advanced materials that absorb sound even more efficiently further contribute towards
better control over sound levels in factories. The panels made specifically for each workplace
therefore suppress sound effectively making it an amiable
place for staff members.

7. Delimitation:

First of all, we have confined our report titled “Ergonomics and Noise Management Strategies
for the Workers of Wind Turbine Blade Manufacturing Plant” to specific areas to maintain a
well-defined scope. It only focuses on ergonomics and noise hazards, deliberately leaving out
other possible risks such as chemical, mechanical, environmental, fire, or explosion hazards.

Secondly, mostly qualitative data was used for this research with very little semi-
quantitative data e.g., Risk Priority Number (RPN). The study may also include both qualitative
and quantitative data if we could source relevant information on Ergonomics and noise hazard
e.g., how many workers are involved in cases of Ergonomics and how much noise is subjected to
by a worker in the process of blade manufacturing?
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Thirdly, our project report does not include an analysis of the insurance premiums
associated with compensating workers who suffer from acute injuries due to ergonomic-related
problems and noise disturbances. In particular, it does not show what financial obligations the
company should fulfill as concerns its costs of insuring against these injuries. By ignoring this
aspect of finance then the research has failed to provide a comprehensive view of the economic
impact that workplace hazards like these can have on a company’s resources and overall
budgeting. This limitation underlines that there is a need for further inquiry into the financial
implications associated with ergonomic and noise-induced injuries within the manufacturing set-

up.

Finally, this report does not address rehabilitation policies for employees who cannot
return back to work after severe injury cases. Specifically, it skips looking into support systems
and programs that may be needed by those workers who have suffered big losses hence they can
never go back again. These include medical care policies; psychological support structures;
vocational retraining initiatives; or any other mechanism that would facilitate
recovery/reintegration/adaptation into a job environment so as to cope with new responsibilities.
This approach shows a gap in assessing long-term staff welfare implications resulting from grave
accidents at workplaces and those relationships among workers and their organizations.
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